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>d Gas Apparatus 


This volumetric blood gas apparatus 
devised by Van Slyke with improve- 
ment by Shohl consists of a calibrated 
50 ml. burette and a Shohl Trap. The 
Shohl Trap located at the bottom of 
the burette prevents diffused air, from 
the rubber tubing, contaminating the 
sample. 


FEATURES 


p 

fi h 

nm 


1. The readings are extremely legi- j If " 

ble due to the white enamel back- f [ ml 

ground upon which the burette is }] Tn 

clamped. Dovetail clamps fasten the ’ JfL 

apparatus firmly to the support rod ff 

yet enable it to be removed for shak- fj 
ing the contents. II 

2. A bronze spring provided on the yvs r— \ 

end of the lower stopcock plug holds ' riSHCB " 

the plug firmly in place. 

3. The support rod is heavily nickel plated and fastens firmly 
into its white glass base. 

The apparatus is designed for the determination of carbon di- 
oxide in blood or plasma, as a measure of alkaline reserve j oxygen 
capacity of the blood as a measure of the hemoglobin content, and 
carbon monoxide as an evidence of poisoning. 

No. 6-392 Apparatus, described $23.00 

No. 6-391 Similar Apparatus, without Shohl Trap $21.00 
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:rsean Medical Museum 

Jars 




THESE American-made 
jars have qualities which 
place them ahead of the 
imported jars offered in 
previous years. They are 
made of colorless glass 
pressed in iron molds, as- 
suring uniform thickness 
of walls. This prevents 
distortion of the speci- 
men. Suspension rods or 
frames can be laid across 
the recesses at the top of 
the jars and specimens 
are thus hung in the 
fluid. This avoids the 
necessity of clumsy ped- 
estal supports. 

The covers are pressed 
from the same clear 
glass ; each contains a 
small opening which acts 
as a vent and permits ad- 
dition of preserving fluid 
after sealing. 


The International Association of Medical Museums has recommended 
the various sizes which are furnished. 


Number to a carton 


Carton lots, 10% discount. 
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Pittsburgh Non-Corrosive 


The Pittsburgh Proc- 
ess of microscope slide 
manufacture is eco- 
nomical and efficient, 
therefore, these slides 
are moderate in price. 


A continuous flat sheet 
of practically iron-free 
glass is drawn directly from the tank. Every slide cut from 
this sheet has a true surface, uniform thickness, and bevel ground 
edges. 

An accelerated corrosion test 
showed that the Pittsburgh 
Non-Corrosive Slide was su- 
perior to other microscope 
slides. (Illustrated.) 

Pittsburgh N-C Slides 3 x 1 
inches in y 2 gross boxes — 
$1.20 per gross. 10 gross lot, 
$1.00 per gross. 


FISHER SCIENTIFIC COMPANY 

711 Forbes Street Pittsburgh, Pa. 




Slides, after an accelerated corrosion test. (Left) 
Pittsburgh Non-Corrosive slide. (Center) The usual 
green slide. (Right) Imported while slide. 


Slides 


Made in America 
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for the KAHN TEST 


Fisher Viewing Device 



When Kalin tubes ave viewed in this 
apparatus, they are illuminated by 
employing the Tyndall effect which 
makes any precipitate in them easily 
distinguishable. 

A slight motion can be imparted to 
these tubes by means of 
the arrangement provided. 
This also makes any pre- 
cipitate present more ap- 
parent. 

Each $25.00 


Fisher Viewing Apparatus with -i tubes in position 

Kahn Suspension and 
Serum Pipettes 

This series of pipettes is made 
of clear, chemically resistant 
glass. They are plainly and ac- 
curately calibrated. 

The use of pipette A-S (Fig. 8) 
for both suspension and serum 
addition simplifies the Kahn tech- 
nique. 

Pipettes, Each, $0.60 


IFIC COMPANY 




m 




8 Fig. 9 Fig. 10 

Pipette A-S Pipette B Pipette C 
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It Under Cover 


The first rule in care of a microscope is: 

Keep it covered when not in use 

The busy bacteriologist can’t be bothered taking the microscope 
out of its wooden case each time he uses it and returning it to the case 
when he is through. 


Co 


nvenience 


Leave the microscope 
stand in the place in 
which it is used, and 
without disturbing any 
adjustments, place a 
Cello-Metal Shield over 
it. Merely lift off the 
shield and the micro- 
scope is set up and ready 
for use. 



Advantages 

The shield is practically 
non-breakablc ; it is light 
(6 ounces) yet because 
of the aluminum rim, it 
is firm. The liability of 
theft is reduced when 
the microscope is within 
plain view and would be 
missed if removed. 


The Microscope Cello-Metal Shield is made by Fisher — it is 16 inches 
high and 9 inches in diameter — Price, $4.50 each. 
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It Under Cover 


The first rule in care of a microscope is: 
Keep it covered when not in use 



The busy bacteriologist can’t be bothered 
out of its wooden case each time he uses it and 
when he is through. 


Convenience 

Leave the microscope 
stand in the place in 
which it is used, and 
without disturbing any 
adjustments, place a 
Cello-Metal Shield over 
it. Merely lift off the 
shield and the micro- 
scope is set up and ready 
for use. 




m. 




taking the microscope 
returning it to the case 


Advantages 

The shield is practically 
non-brcakablc ; it is light 
(6 ounces) yet because 
of the aluminum rim, it 
is firm. The liability of 
theft is reduced when 
the microscope is within 
plain view and would be 
missed if removed. 


The Microscope Cello-Metal Shield is made by Fisher— it is 16 inches 
high and 9 inches in diameter — Price, $4.50 each. 
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CLINICAL AND EXPERIMENTAL 


VARIATIONS IN REACTION OF DIFFERENT PARTS OF THE 
CENTRAL NERVOUS SYSTEM AS INFLUENCED BY 
DEPRESSANT AND STIMULATING DRUGS'* 


D. E. Jackson, Pir.D., M.D., Cincinnati, Ohio 


N EARLY forty years ago Cusliny emphasized the fact that if two animals 
be poisoned, one with morphine, the other with chloral to a degree which 
would just prevent the appearance of spontaneous movements in each, then 
the spinal reflexes of the animal which had received the morphine would be 
much more active and more easily elicited than would be the case with those 
of the animal under the influence of the chloral. It seems certain that some 
such similar variations as this extend throughout the central nervous system 
whenever the action of any two drugs which act thereon are compared. My 
attention was again especially attracted to this phenomenon many months 
ago when I was observing the action of certain drugs on the respiratory 
center. 

This is a very old subject in pharmacology and a great many papers 
bearing on one or more phases of the problem have appeared in the literature. 
It is impossible for me to cite all of these here but I may refer briefly to 
the excellent papers by Tatum, Waters, Maloney and Fitch (bibliography) 1 
Camp, 2 Barlow 3 and his colleagues, Nielsen, Higgins and Spruth,* Swanson 5 
and his coworkers, Behrens and Reichelt, 0 and Eddy. 7 

The specific depressant action of morphine on the respiratory center has 
long been known. But one does not ordinarily think of such drugs as ether 
or chlo roform as possessing this specific action, because the depression pr 0 - 

•From the department ot Pharmacology of the University of Cincinnati Medical School 
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dueed by these drugs appears to be so evenly distributed over the whole 
central nervous system. On the other hand the tendency of morphine to mildly 
excite the cord centers and a few higher nuclei (markedly developed in the 



WMrf in : U tl,e . S "” d of Poisoning) is practically „ev e 

Lm N ' e hT" 1 ; 1011 t,,e action of ether or' cl, lor, 

0 m. Nevertheless these varying degrees of stimulation a„d depression 0 

all the various centers and tracts of the whole brain and cord are imdoutted 
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always present when drugs are acting on the central nervous system. A year 
or so ago 1 became impressed with the therapeutic, importance of an example 
of this type of reaction which 1 observed experimentally in the laboratory. 



Tins was the failure of metrazol (cardiazol) to produce any worth-while 
stimulation of the respiratory center in dogs when deeply anesthetized with 
ether. This observation had also been reported earlier by Camp who obtained 
similar results with chloroform and morphine. On the other hand Camp and 
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many others have noted the fact that fair-sized doses of metrazol produce 
convulsions in animals deeply anesthetized with ether. 

All of the experiments described in this paper have been carried out on 
dogs. I have tried many times to see if I could produce any therapeutically 
useful stimulation of the respiratory center with metrazol in dogs anesthetized 
with ether. The lighter the anesthesia the more likely is the metrazol to pro- 



duce obvious results. And with a very light anesthesia I have occasionally 
seen a mild respiratory stimulation produced by metrazol. . But as the anes- 
thesia is deepened the likelihood that metrazol, if injected intravenously, will 
specifically stimulate the respiratory center rapidly disappears, and only the 
probability remains that adequate doses will produce tremors or twitchings 
or generalized convulsions which appear to come from both the medulla and 
the cord (Figs. 1 and 2). This would seem to render metrazol useless in many 
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instances in winch a respiratory stimulant is most, needed. Two questions 
which 1 have not been able to answer satisfactorily arise in this connection, 
viz., first, does metrazol act (or fail to act) on 1 he human respiratory center 
when it is deeply depressed by ether in the same way that, the drug acts on 
the dog respiratory center under similar circumstances, and second, if a fail- 
ing patient, continues to breathe feebly after administration of ether has been 



stopped, will the ether tension in the patient’s blood and medulla fall low 
enough, within reasonable limits of time, to allow the metrazol to exert a 
therapeutically useful effect on the center? For the present, these questions 
must go unanswered, but X suspect that the ultimate answer will be <f yes” 
in both instances. 

Here I should perhaps emphasize that, in the light of comparison with 
experiments described below, ether appears to possess a specific depressant 
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action on tlie respiratory center. For metrazol tends to produce tremors and 
convulsions, rather than respiratory stimulation, in dogs that are fully anes- 
thetized with ether. And this is not simply a matter of the size of the dose, 
for a dose of metrazol of sufficient size to produce in an etherized dog con- 
vulsions only, with no efficient stimulation of the respiratory center, will 
produce a marked specific stimulation of the respiratory center with no 
vestige of tremors or convulsions in a dog which has been comparably anes- 
thetized with evipal (see Fig. 3). 

The contrast between the actions of evipal (evipan) and metrazol on the 
respiratory center are further illustrated in Fig. 4. This tracing was taken 
from a small dog (7.5 kilos) yet 3 c.c. (4.5 grains) of metrazol produced 
profound, vigorous, and rapid respiration by a direct stimulation of the respir- 
atory center, while no tremors or convulsions whatever could be observed. 
The slow and rather weak character of the respiration previous to the injec- 
tion of the metrazol shows clearly that the animal was deeply anesthetized 
by the evipal (evipan). The action of evipal (the new name for evipan) is 
of shorter duration than that of most of the older hypnotic drugs. Hence in 
this experiment a solution of evipal was kept at hand and small additional 
doses were injected from a buret intravenously from time to time in order 
to hold the anesthesia at any depth desired. An original dose of one gram 
dissolved in water and given by stomach tube produced a deep, cpiiet anes- 
thesia in this dog (7.5 kilos) in five or six minutes. This drug may be very 
useful for experimental purposes, for by occasional small intravenous injec- 
tions of later doses of the drag, the anesthesia can be kept at almost any 
desired level, and the specific counteracting effect of metrazol on the respir- 
atory center can be used to revive the animal and arouse it almost to a state 
of consciousness. This metrazol stimulation, however, can be at once counter- 
acted by an additional dose of evipal. This counteracting effect, of the two 
drugs may be repeated many times during the course of a long experi- 
ment (see Fig. 5, nembutal). Evipal is N-methyl-cvelohexenyl-methyl- 
malonyl-urea having the following formula: 

H N - C = 0 
| CH, 

o = c V 

\ 

C e H, 

H 3 c - N — c == 0 

The sodium salt is readily soluble in water but is unstable and the powder 
should be freshly dissolved in water immediately before injection (by stomach 
tube, intravenously or intraperitoneally). 

The striking antagonistic actions of metrazol and nembutal are well shown 
in Fig. 5. This animal was deeply anesthetized with nembutal and at the be- 
ginning of the tracing 8 c.c. of metrazol were injected by femoral vein. The 
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respiratory center was promptly stimulated but following this 2 pr. ol nembutal 
were injected and this immediately depressed the respiration. I Imre was a 
sharp temporary fall in blood pressure following each of these in.ieet.ons. 



This type of vascular reaction is common to a great many substances and its 
cause (or causes) is not well understood. It may be due to the sudden appli- 
cation to the endocardium of a rather strong solution of the drug (Abel), or 
to a similar sudden application of the solution to the medullary or lower 
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centers, or possibly to the lining of the arterioles, etc. These temporary blood 
pressure falls are of no especial significance, but there is one point which 



Pig. 6. — Four sections from the same 
bottom and showing the effect of increasing 
amytal. 


experiment mounted consecutively from top to 
dosage of metrazol on a dog anesthetized with 


should be kept in mind in experiments of this type, viz., that a sudden, sharp 
fall in blood pressure may produce sufficient anemia, and hence asphyxia, in 
the medulla to act as a stimulation on the respiratory center. Since the first 
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fall in pressure (metrazol) in iiiis tracing was accompanied by a stimulation 
of the respiration, and the second fall (nembutal) by a depression of flic 
respiration if seems obvious tlmt the blood pressure, changes bad little or no 
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Fig 1 . 7 .-—Two sections from the same experiment mounted consecutively from 
and showing the effect of increasing dosage of metrazol on a dog anesthetized 


top to bottom 
with avertin. 


effect on the respiration. The three subsequent injections of metrazol, nembutal, 

and metrazol show the counteracting effects of these two drugs on the respir- 
atory center. 
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Attention should be called to the matter of dosage in these experiments. 
Dogs are much less sensitive to these drugs than are human beings, so that 
while a dose of metrazol which is apparently out of all proportion to the 
amount which could be given to a patient may he injected into a dog, still 



it should also be noted that a correspondingly large increase in the size of 
the dose of the hypnotic has been required to produce the anesthesia. And 
the specific opposing actions of such drugs as eA'ipal and metrazol on the 
respiratory center seems to be so definite and clear cut that, after the first 
injection of each drug (to test the individual sensitivity of the animal), one 
can thereafter predict with a high degree of accuracy the exact size of the 
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dose of each drug which will be needed just to counteract Hie •■ffccls of the 
other. It must he held in mind, of course, that, within the. limits of tolerance, 
the animal becomes progressively less and less susceptible to each succeeding 
dose of a given drug, so that the amount, injected each time must, be progres- 
sively increased to make up for 1 his loss in suseeptihilitj . 

A very similar counteracting action on the respiratory center is mani- 
fested by amvtal and metrnzol (Fig. (!) and by avert in and metrn/.ol (Fig. 7). 


r mmmm&wmryt' r *" 



APo*j‘'-2LO 



Fip. 9. — Tracing showing the effects of metrazol on a (log anesthetized with trichloreth- 
ylene and pernocton. Note the rise in blood pressure due mainly to contraction of the splanchnic 
blood vessels. 


This shows that these drugs of widely differing chemical structure still differ 
quite markedly from ether in the action which they manifest on the respira- 
tory center and on the other centers of the medulla and the spinal cord. For 
huge doses of metrazol are unlikely to produce convulsions in animals deeply 
anesthetized by amytal or avertin (as would happen under ether) but on the 
other hand metrazol markedly and specifically stimulates the respiratory cen- 
ter in animals anesthetized by amytal or by avertin, but lias little or no specific 
respiratory stimulating action in animals anesthetized by ether. 
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It is extremely probable that all drugs which stimulate the respiratory 
center (or any other part of the central nervous system) could be shown to 
manifest some such varying reactions when administered to animals anes- 
thetized by a series of different chemical substances. And it is probable that 
these variations might often be of therapeutic importance. For this par- 
ticular series of experiments metrazol has simply served as a convenient agent 
to reveal and emphasize a few facts which arc ordinarily obscured by the 
soothing influence of a deep sleep. 

Fig. 8 shows the action of metrazol on a dog anesthetized with trichlor- 
etliylene. The type of anesthesia produced by triclilorethylene is different 
from those produced by either the hypnotics or ether. Yet it can be seen from, 
this tracing that metrazol stimulates the respiratory center in dogs anesthe- 
tized with triclilorethylene. It appears that the anesthesia produced by this 
drug resembles in varying degrees the anesthesias produced by both ether 
and the hypnotics. For here metrazol stimulates both the respiratory center 
and, to a less extent, the reflexes of the cord and perhaps of the medulla. 
The metrazol tends to produce tremors and mild convulsive movements, as 
well as a marked increase in respiratory rate. 

Fig. 9 shows the influence of metrazol on a dog anesthetized by both 
triclilorethylene and pernoeton. Here the respiration is again markedly 
stimulated but there is considerably less tendency for the development of 
tremors and convulsive twitching. Apparently the (cord and medulla) stimu- 
lating action of the metrazol has been efficiently counteracted by the per- 
nocton. And here a small dose (2 c.c.) of metrazol produced a marked 
respiratory stimulation in a large (20 kilos) dog. 

Experimentally it seems that unanesthetized dogs are very much more 
sensitive to metrazol than is the case when the animal is under the influence 
of any of the central nervous depressing drugs whatever. And I suspect that 
generalized tremors or convulsions, without specific respiratory stimulation, 
are rather more likely to occur if no anesthetic substance is used. Whether 
similar reactions would occur in man in the absence of a central nervous 
depressant I cannot say. But this point might be of considerable interest 
clinically in the treatment of shock from trauma, drowning, poisoning, etc. 
From the varying reports of the therapeutic usefulness of metrazol in the 
literature, ranging from excellent to questionable, I suspect that the drug is very 
efficient in the proper cases, but inefficient in others. 

CONCLUSIONS 

1. Fo two general anesthetics, or hypnotics, possess the same action on 
the central nervous system. When the anesthesia produced by each of two 
substances appears to be exactly the same, a marked difference may fre- 
quently be shown if a substance having a specific stimulating action on some 
particular part or center of the central nervous system be injected to counter- 
act the anesthesia. 
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2. In n dog anesthetized with ether, metrnzol protlne.es marked general- 
ized tremors or convulsions, lmt with little or no specific stimulation of the 
respiratory center. 

3. in a dog deeply anesthetized with o.vipal (and many other of the more 
recent hypnotics), metrnzol produces marked specific stimulation of the respir- 
atory center but without any symptoms of tremors or convulsions. 

4. In a dog anesthetized with trichlorcthylcno, metrnzol produces a com- 
bination of these reactions. The respiratory center is stimulated and some 
tremors and convulsive twitchings are produced. 
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THE MECHANISM OF THE BLOOD CHANGES DURING THE TREAT- 
MENT OF SECONDARY AND PERNICIOUS ANEMIA* 


C. A. Elvehjem, Ph.D., and M. O. Scijudtze, M.S., Madison, Wis. 


T HE fact that reticulocyte responses very similar in nature have been ob- 
served during the treatment of both pernicious and secondary anemias 
introduces an interesting question concerning the mechanism of these blood 
changes. Minot and Heath 1 have presented examples of the course taken by 
the reticulocytes in response to potent liver preparations in pernicious an emia 
and in response to maximal amounts of iron in anemia chiefly due to chronic 
blood loss. In general, the responses are very similar except that those in the 
case of secondary anemia are more prolonged. 

Schultze and Elvehjem 2 have recently demonstrated that a typical reticulo- 
cyte response in anemic rats can be obtained only when adequate amounts of 
both iron and copper are fed, and they suggest that the initiation of reticulo- 
cytosis is dependent upon newly formed hemoglobin and that the subsequent 
decrease in the number of these cells is influenced by the amount of hemoglobin 
present in the blood. When suboptimal amounts of either iron or copper were 
fed, a m uch prolonged response occurred. In the light of these facts, the results 
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recorded by Minot and Heath 1 in secondary anemias may have been affected 
by an insufficient supply of copper. 

A true explanation of the rapid changes in the number of reticulocytes in 
the blood during the treatment of anemias will depend to a large extent upon 
histologic studies of the hematopoietic organs which produce these cells — mainly 
the bone marrow. This, of course, is rather difficult in human patients. The 
histologic changes need to be studied daily in order that they may be corre- 
lated with the blood changes. In the ease of secondary anemia such studies 
can now be made with rats. In the meantime we wish to suggest the follow- 
ing explanation of the changes observed in the blood during the treatment of 
pernicious and secondary anemias. 

In order to simplify the discussion, the deficiency in pernicious anemia will 
be considered as a lack of ability to form red cells and the deficiency in second- 
ary anemia a lack of adequate hemoglobin-building power. The bone marrow 
will be considered as the center for red cell formation and the liver the cen- 
tralized organ for hemoglobin production. There may be some criticism of 
the latter assumption but this will not affect the discussion. An adequate 
supply of the P.A. factor will be considered positive treatment for pernicious 
anemia and an adequate supply of iron and copper positive treatment for 
secondary hypochromic anemia. No attempt, will be made to discuss the 
source or methods of supplying these materials or the more complicated forms 
of anemia which are encountered. 

A condensed outline of the changes taking place in the liver, bone mar- 
row, and blood during the development and treatment of secondary and per- 


Table i 

Changes Occurring During the Development and Treatment or Secondary and 

Pernicious Anemias 


STAGE 


SECONDARY 

PERNICIOUS 

Development 

Liver 

Deficiency of iron and/or 
copper. Ho HI), forma- 
tion 

Sufficient iron and copper. 
Hemosiderosis 

Bone 

marrow 

P. A. factor available 

Deficiency of P. A. factor. 
Fragile cells produced. 
Exhaustion 


Decrease in total HI). 
Decrease in Hb. per cell 
Decrease in no. of red 
cells 

Decrease in no. of red cells. 
Increase in Hb. per cell. 
Decrease in Hb. 

Treatment with suboptinml 
amounts of iron and/or 
copper (secondary ane- 
mia ) or small amounts 
of P.A. factor (perni- 
cious anemia) 

Liver 



Bone 
inarrow i 

Hb. stimulates cell forma- 
tion 

Slow cell formation 

Blood 

increase in reticulocytes. 
Insufficient Hb. to form 
normal cells. Hb. and 1 
cells low. Reticuloevtes 
high 

Prolonged reticulocyte re- 
sponse. Small increase 
in cells and hemoglobin 

Treatment with adequate 
amounts of iron and 
copper (secondary 
anemia) or optimum 
amounts of P.A. factor 
(pernicious anemia) 

Liver 

Rapid Hb. formation 

Hemoglobin formation if 
sufficient Fc and Cu are 
present 

Bone 

marrow 

Rapid cell formation 

Rapid cell formation 

Blood 

typical reticulocyte re- 
sponse. Increase in Hb. 
and red cells 

Typical reticulocyte re- 
sponse. Increase in cells 
and Hb. 
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SKCONDAIiY AND PKHNIMorS ANI'.MIA 


nicious anemias is jxi von in Table 1. In secondary inn’iniii there is a deficiency 
of iron and/or copper due either to n deficient supply from the. food or to n 
too rapid utilization of the stores of these elements in the body. A\ hen the.se 
elements arc no longer available, the liver is unable to build sufficient hemo- 
globin, and consequently, there is a decrease in the total hemoglobin of the 
blood. For a time the cells continue to be produced, which fact causes a de- 
crease in the amount of hemoglobin per unit of cell. The new cells which nre 
formed cannot, be supplied with hemoglobin and they arc destroyed by the 
reticuloendothelial system. The hone marrow soon gives up its attempt to 
manufacture cells and a condition of aplasia develops. McGowan 3 lias ob- 
served an aplastic condition in the bone marrow of severely anemic pigs. The 
ordinary marrow elements were present, but there was an absence of signs of 
activity and the cells were greatly reduced in numbers. 

When suboptimal amounts of iron and/or copper are supplied in this 
type of anemia, a small amount of hemoglobin is produced immediately. The 
presence of this newly formed hemoglobin (or a possible precursor) stimulates 
tho bone marrow to rapid cell formation and onuses a very definite increase 
in the number of reticulated cells in the circulating blood. The quantity of 
hemoglobin formed in this case is limited and the new cells do not receive a 
normal supply of pigment. These cells are destroyed and the stimulus for new 
cell formation continues. Under such conditions a prolonged reticulocyte 
response similar to that described by Sehultze and Elvebjem 2 is obtained. 

If adequate amounts of iron and copper are available, the picture is quite 
different. Rapid hemoglobin formation takes place in the liver. The newly 
formed hemoglobin stimulates cell formation and the bone marrow pours the 
reticulocytes into the blood. Now the new cells are supplied with sufficient 
hemoglobin; they mature into normal red cells, and the impetus for further 
cell formation is reduced. In a short time the hemoglobin and red cells ap- 
proximate normal values and the number of reticulocytes decreases because 
only a small number of new eells need to be formed. The greatest reticulo- 
cyte response occurs when the hemoglobin and red cells are the lowest because 
there is then a greater requirement, for new cells. Cell formation is not com- 
plicated by an insufficiency of stroma building material in true secondary 
anemia because there is plenty of the P.A. factor available. 

In pernicious anemia the condition is quite different., here hemoglobin can 
be formed, but the bone marrow is unable to produce cells due to the absence 
of the P.A. factor. The cells which are formed are fragile and are destroyed 
immediately. The stimulus for cell production is present and the marrow at- 
tempts to produce cells until it becomes completely exhausted. Since hemo- 
globin can be formed, tlve cells present in the blood carry an increased 
amount of pigment. When the cells are destroyed, the hemoglobin cannot be 
carried by the blood and hemosiderosis takes place due to the accumulation 
of the iron set free from the destroyed cells. 

When small amounts of the P.A. factor are supplied, the bone marrow 
produces new cells slowly, the reticulocyte response will be small and pro- 
longed, and the hemoglobin and red cells increase only slightly. In the pres- 
ence of optimum amounts the new cells are formed rapidly and a decided in- 
crease in the reticulocytes is observed. There is sufficient hemoglobin to supply 
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tlie new cells and the mature cells are readily formed. The impetus for cell 
formation decreases and a corresponding decrease in reticulocytes follows. 
The reticulocyte response may he prolonged if there is not sufficient iron and 
copper present for rapid hemoglobin formation. 

This explanation is very brief and general in character, but we hope it 
will aid in formulating certain fundamental principles necessary for a more 
complete understanding of anemia. 
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THE EFFECT OF ULTRAVIOLET LIGHT ON SOME 
SYMPATHOMIMETIC SUBSTANCES* 


Paul L. Ewing, M.S., Chicago, III. 


T HE action of ultraviolet light on drugs presents an insight into the changes 
that occur in such drugs in everyday experience when they are exposed 
to ordinary daylight. The photochemical action of light is chiefly due to the 
ultraviolet region; consequently, exposure to the rays of a quartz mercury 
arc lamp for a short time corresponds to a long exposure to daylight. This 
investigation is a continuation of work previously published. 1 

Relatively little work has been done on this particular problem. Savo- 
pol, 15 ’ 16t 17 Verda, Kneer, and Burge, 20 Kneer, Orth, Verda and Burge, 0 and 
Ito and Terata 5 have reported on the effect of ultraviolet irradiation of solu- 
tions of epinephrine. The action of these rays on other drugs has been 
reported by a few investigators: Pacini and McGuigan, 11 Wakeham and 
Tracy, 21 Higgins, Ewing, and McGuigan, 3 and Gant. 2 on nicotine; Macht 0 on 
digitalis. In the majority of instances, destruction of the drug is found. As 
was shown in our previous paper, 1 this may not always be the ease. 

This study is limited to three sympathomimetic drugs — epinephrine 
(adrenalin Parke, Davis and Company), synephrin (Frederick Stearns and 
Company, N. N. R., 1931), and p-hydroxyphenyl-l-amino-2-propanol-l (Sharp 
and Dolime). 

METHODS 


Ultiaviolet Irradiation.— From 10 to 30 c.c. of 0.01 per cent epinephrine, 
0.1 per cent synephrin, or 0.1 per cent p-hydroxyphenylpropanolamine solu- 


•From the Laboratory of Pharmacology, University of Illinois College of Medicine. 
Received for publication, January 15, 1934. 
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tion was exposed cither in open Petri dislios (H.8 cm. diameter) or dear 
quartz covered dislies (G.8 cm. diameter) at, a distance of 20 cm. from a 
Coopcr-Howitt mercury arc lamp (35 ergs per mm. 3 ) for from 3 /> minute t .0 
20 hours at a temperature of 20° C. when water cooled or a temperature of 
55° C. when air cooled. 

Boiling With IL0 2 . — Ten cubic centimeters of the above solutions were 
boiled moderately in a 50 c.c. beaker over a free flame from 1 to 35 minutes 
with varying amounts of 11,0. added. 

Irradiation With 11,0,. — Solutions were, irradiated as in the first, step, but 
with the addition of H,0. before exposure to the rays. 

Biologic Assay. — -Method 1: Change in blood pressure following in- 
travenous injection in dogs was determined according to the method de- 
scribed in U.S.P. X, p. 212, for assay of liquor cpincphrinae hydrochloridi. 
Anesthesia — nembutal (Abbott) 20 mg. per kg. intrapcritoncally preceded by 
3 mg. per kg. morphine sulphate subcutaneously; in a few cases — ether, pre- 
ceded by morphine. 

Method 2: The hyperglycemic and glycosuric actions following intra- 
peritoneal injections of the drugs in rabbits were determined. Samples of 
blood and urine were taken from unnnesthetized animals (starved 24 hr. or 
more) before the injection and 1 or 2 hours after injection of the drug. 
Blood sugar was determined by the Folin-Wu method and urinary sugar with 
Benedict’s qualitative reagent. 

Method 3 : The inhibitory effect of the drugs on the isolated rat uterus 
using the usual means of recording contractions in aerated Locke-Ringer 
solution. 

Method 4: The effect of intravenous injection of the drugs in relieving 
or preventing bronchial constriction induced by histamine in guinea pigs 
was studied according to the method of Koessler and Lewis. 7 

RESUETS 

Epinephrine . — Irradiation of a 1:10,000 solution of epinephrine HC1 re- 
sulted in a loss of activity as shown in Table I with short intervals of ex- 
posure, and in Table II and Pig. 1, with long intervals. These results 


Table I 

Dog — -Weight, 12 kg. Vagi atropinized 

Date — Sept. 13, 1932. Anesthesia — morphine, nembutal 

Injections: 0.2 c.c. epinephrine HC1 0.01 per cent 

Irradiation: 20 c.c. 0.01 per cent solution in quaTtz dish at 20 cm., air cooled; 2 cc samples 
removed at each time interval * F 



BLOOD PRESSURE (MAI. HO) | 

IRRADIATED 

NORMAL 

AFTER 

INJECTION 

DIFF. 

0.0 

138 

204 

66 

0.5 

136 

192 

56 

1.0 

140 

193 

53 

1.5 

150 

196 

46 

2.0 

152 

190 

38 

3.0 

150 

182 

32 

. 5.0 

144 

173 

29 
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confirm previous publications of our own and of other investigators 1 ’ :o ’ 6 
and fail to show any increase as reported by Ito and Terata. The difference 
in time necessary to produce these changes is due to the manner of irradia- 



tion, the chief factors being distance from the arc, volume of solution, con- 
centration of solution, and temperature. The predominance of depressor 
action in irradiated epinephrine solutions is seen in the 330-minute sample 
(Table II). This depressor action is eventually lost with continued irradia- 
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tion. A 0.01 per cent, solution of epinephrine alkaloid loses its activity by 
irradiation as does the 11C1 salt, the loss being cvojt more rapid in the 
presence of Nn.CO, (Table 111). Irradiation of epinephrine HC1 solution 
with the addition of ILO- markedly increases the rate of destruction (Table 
XV). Boiling the drug with 11„0„ also hastens its destruction (Table Y). 


T.uu.r. it 


Dog — -Weight, 12 kg. Vagi atropinized 

Date — Sept. 15, 1932. Anesthesia — morphine, nemhntal 

Injections: 0.3 c.c. epinephrine 1101 0.01 per rent 

Irradiation: 20 c.c. 0.01 per cent, solution in quartz dish at 20 cm., water cooled; 2 c.c. 
removed at each time interval 


NO. 

MINUTES 

IRRADIATED 

111.000 PRESSURE (MM. HO) 

REMARKS 

NORMAL 

AFTER 

INJECTION 

Dim 

i 

0 

138 

vmimm 

54 


o 

GO 



32 


3 

a iHUl 



20 


4 

Hi ; jfl > 

141 

■ m 

15 


5 


141 

148 

7 


G 


144 

14S 

4 


7 

330 

147 

141 

-0 


8 

0 

141 

190 

49 



Tahoe 111 

Dog— Weight, 9 kg. Vagi atropinized 

Date — June 16, 1931. Anesthesia — morphine, nembutal 

Injections: 1 c.c. 0.01 per cent epinephrine alkaloid (P. D. and Co.) (see remarks) 
Irradiation: 10 c.c. 0.01 per cent solution in Petri dish at 20 cm., air cooled, some with acid 
or alkali added (remarks) 


NO. 

MINUTES 

IRRADIATED 

iilooo pressure (mm. no) | 

REMARKS 

NORMAL 1 

1 . 

AFTER 

INJECTION 

DIFF. 

i 

0 


145 

97 


2 

00 


G2 

6 


3 

60 


09 

9 

Irradiated with IICl 

4 

60 


63 

1 

Irradiated with Na,CO, 


Table IY 

Dog — Weight, 9 kg. Vagi atropinized 

Date — July 19, 1933. Anesthesia — morphine, nembutal, ether 

Injections: 0.2 c.c. of 0.01 por cent solution epinephrine HC1, except No. 5 

Irradiation: 10 c.c. 0.01 per cent solution in quartz dishes at 20 cm., water cooled 




BLOOD PRESSURE (MM. HQ) 1 


NO. 

IRRADIATED 

NORMAL | 

AFTER 

INJECTION 

DIFF. 

REMARKS 

i 

0 

108 

159 

51 

Control 

2 

35 

110 

149 

39 • 

No peroxide added 

3 

35 

111 

123 

12 

With 2 drops 2 pier cent peroxide 

4 

35 

109 

111 

2 

With 5 drops 2 per cent peroxide 

5 

0 

108 

108 

0 

(Control peroxide — 5 drops 2 per cent 
peroxide in 10 c.c. of water} 


These same changes in epinephrine solutions are shown in tests of glycosuric 
action in rabbits (Tables VI and VII), on the relief of histamine bronchio- 
spasms in guinea pigs (Table VIII), and on the isolated rat uterine strip 
(Table IX). 1 
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Table Y 


Dog— Weight, 11 kg. Vagi cut 

p a te — Sept. 14, 1931. Anesthesia — morphine, nembutal 
Injections: 0.5 c.c. epinephrine HC1 0.01 per cent 
Oxidation: 10 c.c. 0.01 per cent solution boiled 10 minutes 


with 1 per cent H,0, (remarks) 


NO. 

MINUTES 

BOILED 

BLOOD P 

NORMAL 

RESSURE (y 

AFTER 

INJECTION 

CM. HG) 

DIFF. 

REMARKS 

1-. 

10 

114 

198 

84 

No peroxide 

0 

10 

118 

193 

75 

With 1 drop H,0 3 

3 

10 

113 

172 

59 

With 2 drops H 3 0 3 

4 

10 

113 

14G 

33 

With 5 drops H ,0, 


Table VI 

Babbits — About 2.0 kg. wt. 

Date — Aug. 14, 1931 

Injection: Epinephrine HC1, 0.01 per cent, intraperitoneally 

Irradiation: 30 c.c. samples 0.01 per cent solution in Petri dish at 20 cm., air cooled 


RABBIT 

NO. 

MINUTES 

IRRADIATED 

DOSE 

MG. 

NORMAL 

MG. PER 

100 c.c. 

BLOOD SUGAR 

AFTER INJECTION 

GLYCOSURIA 

HR. 

MG. PER 

100 c.c. 

i 

0 

1.0 


3 

235 

++ 

0 


1.5 


3 

125 

- 

3 


3.0 


O 

115 

- 

4 

0 

1.0 


1 

290 

++ 

5 

60 

3.0 

11S 

1 

267 

+ 

6 

180 

10.0 

139 

1 

ISO 

— 

7 

0 

0.5 

110 

1 

258 

4* + 


Table VII 

Babbits — About 2 kg. in weight 
Date — Sept. G, 1931 

Injections: Epinephrine HC1, 0.01 per cent, intraperitoneally 

Oxidation: 20 c.c. 0.01 per cent solution boiled with 2 drops 1 per cent H,0, 


RABBIT 

MINUTES 

BOILED 

DOSE 

MG. 

NORMAL 

MG. PER 
100 C.C. 

BLOOD SUGAR 

AFTER IT 

HR. 

%’JECTION 

MG. PER 
100 C.C. 

GLYCOSURIA 

i 

0 

■pyspin 

■IH 

i 

236 

+ 

2 

i 



i 

196 


3 

i 



i 

OOP 

+ 

4 

10 

| 8.0 

1 115 

i 

174 

- 


Table VIII 

Effect of Epinephrine HCl on Becovery Erom Bronchiole Constriction Induced by 

0.06 Mo. Histamine Picrate* 

Guinea pig — Weight 620 gm. 

Date — Aug. 2, 1933. Anesthesia — pithed 

Injections: Histamine picrate, 1 c.c. of 0.006 per cent solution intravenously. Epinephrine 
HCl, 1 c.c. 0.005 per cent solution intravenously 
Irradiation: 10 c.c. 0.01 per cent solution irradiated 90 minutes in quartz dish at 20 cm., 
air cooled 


MINUTES AFTER HISTAMINE 


Control 1 

Irradiated epinephrine HCl att 1 

Nonirradiated epinephrine HCl att 1 


•Figures represent excursion of lever in millimeters. 


8 

12f 

8t 


20 

23 

29 


34 

32 

33 


40 

39 

35 
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Syncph rin . — Solutions of synephrin sails when exposed to ultraviolet 
rays regularly exhibit an increase in action as was shown in our preliminary 
report. 1 A maximum point is reached, however, when further irradiation 
effects a breakdown of the active substance until it. is practically destroyed 
(Fig. 2 and Table X). The increased activity may be from 10 to 20 times flic 


Table IX 

Epinephrine on uterine atrip of rnt 
Date — .Tuly 27, 1 033 

Infections: Specified doac of 0.01 per cent epinephrine 1101 milled to cup containing uterine 
strip in 50 c.c. Locke-Jlingcr solution 

Irradiation: 10 c.c. 0.01 per cent epinephrine UC1 irradiated 00 minutes in quart 7. dish at 
20 cm., air cooled 


DOSE 

mures 

CONTR. 
(MOVEMENTS OP 

NORMAL 

LOTIONS 

LEVER IN MM.) 
AFTER INJECTION 

0.01 c.c. 

Epinephrine 1IC1 nonirrndinted 

90 

50 

0.02 c.e. 

Epinephrine 11C1 nonirrndinted 

90 

-10 

0.02 c.e. 

Epinephrine IIC! irradiated 

90 

■12 


Taiii.b X 

Dog — Weight, 5.8 kg. Vagi cut 

Date — Feh. 10, 1033. Anesthesia — morphine, ether 

Infections: 1.0 c.c. syncplirin, TIC1 0.1 per cent 

Irradiation: 20 c.c. 0.1 per cent solution in quartz dish at 20 cm., water cooled 


NO. 

MINUTES 

irradiated 

W.OOD PRESSURE (MM. HO) 

REMARKS 

NORMAL 

AFTER 

INJECTION 

DIF F. 

i 

0 

51 

58 



o 


53 

114 



3 


33 

54 



4 


35 

39 



5 


39 

40 



6 

o 

42 

50 

8 



Table XI 

Dog — Weight, 9 kg. Vagi atropinized 

Date — Sept. 11, 1931. Anesthesia — morphine, nembutal 

Infections: 0.5 c.c. synephrin, HC1 0.1 per cent 

Oxidation: 10 c.c. 0.1 per cent solution irradiated with 2 drops 3 per cent 11,0. in Petri dish 
at 20 cm., air cooled ‘ 1 


NO. 

MINUTES 

IRRADIATED 

BLOOD PRESSURE (SIM. HO) | 

REMARKS 

NORMAL 

AFTER 

INJECTION 

DIFF. 

1 

2 

1 

4 

128 

130 

206 

270 

78 

140 

— 

3 

10 

110 

260 

.,150 


4 

20 

102 

256 

154 


5 

60 

95 

240 

145 


6 

120 

100 

233 

133 



normal activity. Irradiation of the solution with the addition of a small 
Amount of H 2 0„ markedly decreases the time necessary to produce these 
changes (Table XI), and simply boiling the solution with 11,0., effects a 
similar increase in activity (Table XII). 

Irradiation of a solution of synephrin base for 60 minutes does not pro- 
duce any increase in activity, while the addition of an acid makes the change 
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very evident (Tables XIII and XIV). The effect of varying the P„ of the 
syneplirin solution is discussed later (under heading, “Chemistry”). These 





hyperactive solutions maintain their activity for a relatively long time since 
" e have found that solutions kept in the laboratory for six months at room 
temperature were as active as when freshly prepared. 
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Taiiu: XII 

Dog — Weight, 0 kg. Vngi ntropinized 

l) a t e — Sept. 11, 11*31. Anesthesia— morphine, nembutal 

Injections: 0.5 c.c. syneplirin IK'I 0.1 per cent ... 

Oxidation: 10 c.c. wimples 0.1 per cent syneplirin 1101 (exeept No. •!) boiled witli 2 drops 
of 1 per cent 11,0, 



MINUTES 

IlOIKKI) 

nt.oon pressure (mm. ho) j 

HEM AUKS 

NO. 

N OH MAI* 

AFTER 

INJECTION 

DIKE. 

i 

0 

100 

no 

10 


o 

i 

102 

i«i 

59 


3 

4 

104 

1 187 

83 


4 

8 

100 

140 

40 

1 per cent syneplirin 1101 boiled, then 






diluted to 0.1 per cent before in- 
jection 

5 

10 

99 

220 

127 


0 

30 

99 

219 

120 



Taih.k XIII 

Dog — Weight, 9 kg. Vagi atropinized 

Date — Feb. 18, 1931. Anesthesia — morphine, ether 

Injections: 0.5 c.c. of 0.1 per cent syneplirin lmse or hydrochloride 

Irradiation: 10 c.c. 0.1 per cent solution in Petri dish at 20 cm., air cooled 



MINUTES 

1 IRRADIATED 

BLOOD I 

•RESSURE (MM. 

M«) 1 



NO. 

NORMAL 

AFTER 

INJECTION 

di ff. j 


REMARKS 

1 

o I 

0 

00 

150 

152 

159 

101 


9 

9 

^ Syneplirin 

base 

3 1 

4 

0 

00 

153 

150 

1G3 

200 


10 

104 

| Syneplirin 

II Cl 


Table XIV 

Dog — Weight, 12 kg. Vagi atropinized 
Date — Feb. 25, 1931. Anesthesia — morphine, nembutal, ether 
Injections: 1.0 c.c. syneplirin base 0.1 per cent (see remarks) 
Irradiation: 10 c.c. of above solution in Petri dish at 20 cm., air cooled 


NO. 

MINUTES 

IRRADIATED 

BLOOD PRESSURE (MM. HO) 

REMARKS 

NORMAL 

AFTER 

INJECTION 

DIFF. 

i 

o 

153 

1G2 

9 


2 


155 

225 

70 

Irradiated with citric acid 

3 

■ 

154 

221 

07 

Irradiated with oxalic acid 

4 


155 

232 

77 

Irradiated with suecinic acid 


Table XV 

Babbits — About 2.0 kg. in weight 
Date — Aug. 24, 1931 

Injections: Syneplirin HC1 0.1 per cent intraperitoneally 

Irradiation: 30 c.c. samples 0.1 per cent solution in Petri dish at 20 cm., air cooled 


RABBIT 

MINUTES 

IRRADIATED 

DOSE 

MG. 

NORMAL 
(MG. PER 
100 C.C.) 

BLOOD SUGAR 

AFTER INJECTION 

i ' 

GLYCOSURIA 

HR. 

MG. PER 

100 C.C. 

i 

0 

40 

122 

i 

ni 


2 

■ 

35 

105 

l 

115 


3 

■ 

35 

139 

i 

303 

+ + 

4 


20 

119 

l 

-250 - 

4-4- 

® 

180 

30 

93 

2 

- 200.. _ 

4-4- 

0 

0 

100 

120 

2 

138 


7 

0 

300 

89 

2 

129 
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Tiie increased effectiveness of irradiated solutions of synephrin salts is 
demonstrated in tlie marked action of relatively small doses in producing 
hyperglycemia and glycosuria (Table XV). A marked hyperglycemia and 
glycosuria lias been produced in rabbits with as little as 8 mg. of irradiated 
drug. Boiling the drug with H„O s increases this action also, as shown in 
Table XVI. 

Irradiated synephrin solutions are effective in relieving histamine bron- 
chiospasms of guinea pigs (Table XVII) or preventing these spasms by 
previous injection of synephrin (Table XVIII). The same dose of nonir- 
radiated drug had no noticeable effect. 

Table XVI 

Rabbits — About 2 kg. in weight 
Date— Sept. 30, 1931 

Injection-. Synephrin, HCl 0.1 per cent, intraperitoneally 

Oxidation: 20 e.c. samples of 0.1 per cent solution boiled with 2 drops 1 per cent 11,0, 





BLOOD SUGAR I 


RABBIT 

MIKUTES 

DOSE 

NORMAL 

AFTER. INJECTION i 

GLYCOSURIA 

BOILED 

MO. 

: (MG. PER 

100 c.c.) 

HR. j 

MO. PER 

100 C.C. 

PRODUCED 

i 

0 

100 

Ill 

1 

142 

- 

2 I 

i 

40 

109 

1 

121 


3 ! 

5 

40 

117 

1 1 

186 

- 

4 

1 10 

20 

114 

1 

232 

+ + 


Table XVII 

Guinea pig — Weight, 533 gm. 

Date — July 14, 1933. Anesthesia — pithed 

Injections; Histamine (Pfanstielil) 2 c.c., 0.001 per cent solution, intravenously. Irradiated 
synephrin HC1 2 c.c., 0.1 per cent, intravenously 
Irradiation: 10 c.c. synephrin HC1 (0.1 per cent) in quartz dish at 20 cm., air cooled, 
irradiated 90 minutes 


excursion or lever (m m. ) 



I 

CONTROL 

II 

CONTROL 

IH 

■WITH SYNEPHRIN 

Normal excursion 

60 

70 

60 

0.02 mg. histamine injected 

1 



After 1 minute 

1 

1 

1 

After 2 minutes 

1 

2 

1 

After 3 minutes 

2 

3 

°o* 

After 4 minutes 

6 

3 

30 


•Injection of 2 mgr. Irradiated synephrin HCl here. 


Table XVIII 

Response of Bronchioles to Injections of 0.06 Mg. Histamine Picrate After Previous 
. Injection of Synephrin (Excursion of Lever — mr j 

Guinea pig — Weight, 620 gm. 

Date — Aug. 2, 1933. Anesthesia — pithed 

Injections: Histamine picrate (Nelson) 1 c.c. of 0.006 per cent solution, intravenously. 

. Synephrin HC1, 1,2 c.c. of 0.1 per cent solution, intravenously 
Irradiation: 10 e.c 0.1 per cent synephrin HC1 irradiated 00 minutes in quartz dish, air 
cooled, at 20 cm. ^ ' 


HISTAMINE 

NO SYNEPHRIN 

I 

NONIRRADIATED 

synephrin HCl | 

IRRADIATED 
SYNEPHRIN HCl 

BEFORE 

AFTER 

BEFORE | 

AFTER 

BEFORE 1 

[ AFTER 

After 7 min. 
After 11 min. 
After 15 min. 
After 20 min. 

45 

35 

30 

32 

l 

i 

l 

l 

45 

35 

35 

36 

i 

i 

i 

i 

50 

50 

50 

50 

! 42 

14 

. 3 

i 1 

.. * ■ 
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The isolated rat uterine strip shows the increased effectiveness of ir- 
radiated synephrin in inhibiting normal contractions (Table XIX). 


Parahydror-iiphcnylpropanolaminc..- — This drug reacts to ultraviolet irradia- 
tion with an increased pressor action. More than ten times the activity of the 
nonirradiated drug is shown in Table XX. 


Tabu: XrX 

Synophrin on uterine strip of rnl 
Date — Sept. 27, 1933 

Injections: Specified dose of 0.1 per cent synephrin 1101 added to cup eontnining uterine 
strip in 00 c.c. Lockc-Pinger solution 

Irradiation: 10 c.c. 0.1 per cent synephrin 1IC1 irradiated 00 minutes in quartz dish at 
20 cm., air cooled 

Uterine Strip Xo. 1 



■ — - “ ■ “ ■■ ■ '■ * ' ' ~ ~ * 1 -"“ 

CONTRACTIONS 

DOSE 

DRUG 

(movement or 

LEVER IN MM.) 



NORMAL 

AFTER INJECTION 

0.2 c.c. 

Synephrin IIC1 nonirradiated 

+90 

+82 

0.2 c-c. 

Synephrin 1IC1 irradiated 

+ 9S 

-10 

1.0 c.c. 

Synephrin IIC1 nonirradiated 

+90 

- G 


Uterine Strip No. 

S 


0.1 c.c. 

Synephrin 11C1 nonirradiated 

75 

50 

0.1 c.c. 

Synephrin HC1 irradiated 

so 

-25 


Table XX 


Dog — Weight, 15.1 kg. Vagi atropinized 

Date — Apr. 9, 1933. Anesthesia — morphine, nembutal 

Injections: 0.5 c.c. of p-hydroxyphenyl-l-amino-2-propanol-l hydrochloride. Control solution 
0.1 per cent — irradiated solutions 0.01 per cent 
Irradiation: 20 c.c. 0.01 per cent solution in quartz dish at 20 cm., air cooled 


NO. 

• 

MINUTES 

IRRADIATED 

BLOOD PRESSURE (MM. no) 

NORMAL 

AFTER 

INJECTION 

DIFF. 

i 

0 


■paliaiMI 

24- 

2 

15 

mllm 

152 

34 

3 

35 

no 


37 

4 

60 

114 

142 

28 

5 

125 

114 

128 

14 


REMARKS 


Control 0.1 per cent 
>•0.01 per cent solutions 


OXIDATION PRODUCTS OF EPINEPHRINE 

We found that heating the drug with hydrogen peroxide and treatment 
with ultraviolet light, effects similar pharmacodynamic changes in the drug. 
For this reason and because of the relative simplicity in using hydrogen 
peroxide, this method was chosen in preparing the drugs for the study of 
the oxidation products. 

Procedure: Five-tenths gram of pure epinephrine base was oxidized by 
refluxing with 100 c.c. of neutralized 5 per cent H,0 2 for fifteen minutes. 
The solution developed a reddish brown color. 

Tests for Oxidation Products. — 1. Unchanged Epinephrine: The solution 
was cooled at once in ice water and excess oxygen removed by evacuation 
(in a flask at 1/150 atmosphere). The solution was first made acid with 
H 2 S0 4 and distilled, then made alkaline with NaOH and distilled. The residue 
in the distilling flask when treated with phosphomolybdotungstie acid gave 
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an amethyst color, indicating the presence of epinephrine or catechol, both 
of which give this color with this reagent. 

When FeCl 3 solution was added to the residue, a greenish blue colora- 
tion changing to red was produced, again indicating the presence of epi- 
nephrine or catechol. 

Mitchell’s reagent (0.2 per cent FeS0 4 + 1 per cent KNaC 4 II 4 0 0 ) gives 
with epinephrine a purple color and with catechol a pale blue. When this 
reagent was added to the residue, a pale blue color, changing to a purple, 
was observed. 

NH,OH with epinephrine produces a yellow color changing to orange and 
to pink; with catechol, it gives a green color, which fades rapidly. This 
reagent with the residue gave first a green color changing to orange and to 
pink and faded out. NII,OH with Mitchell’s reagent gives for both com- 
pounds a reddish violet changing to red. The same colors were obtained 
with the residue. 

These tests indicate that the oxidized material still contained some un- 
changed epinephrine. This fact was further proved by blood pressure tests 
on a dog. 

2. Catechol: Tests on the residue indicated the presence of catechol. 
The acid distillate when tested with phosphomolybdotungstic acid reagent 
gave a violet color ; with ferric chloride solution a greenish blue ; and with 
Mitchell’s reagent a pale blue. Since epinephrine would not distill over, 
these tests confirm the presence of catechol. Millon’s reagent with the dis- 
tillate gave a negative test for the phenol group. 

3. Ethyl Alcohol: When 5 c.e. of the acid distillate and 5 c.c. H ; S0 4 
were titrated with Iv,Cr„0 7 (19 gm./liter), abont 2 c.c. was required (Nicloux 
method). During the oxidation, the odor of acetaldehyde was perceptible, 
indicating the presence of an alcohol. When a few cubic centimeters of the 
distillate was warmed with a few drops of benzoyl chloride and NaOH, the 
odor of ethyl benzoate was observed, thus proving the presence of ethyl 
alcohol. 

4. Methyl Alcohol: This test was negative by the U.S.P. (X) method. 

5. Acetic Acid: The distillate was acid to litmus and, when heated, had 
the characteristic odor of acetic acid. When treated with a small amount of 
valerianic acid and FeCl 3 , it gave a reddish violet color, indicating acetic acid. 

6. Formic Acid: No formic acid was found. 

7. Aldehyde: No test for aldehyde was obtained on the above distillate, 
probably because the oxidation was carried too far. To check this, a 0.1 per 
cent solution of epinephrine base was oxidized in the cold for a few minutes 
with HoO,, evacuated a few minutes, and then distilled. The first few cubic 
centimeters of distillate gave a positive reaction with S duff's reagent (fuchsin 
sulphurous acid) and only a yellow color with morphine and sulphuric acid, 
thus proving the absence of formaldehyde and the presence of acetaldehyde. 

8. Methylamine: The alkaline distillate had an ammoniacal fishlike odor, 
characteristic of methylamine. Rimini’s test (1 c.c. acetone and 1 drop dilute 



EWING : 


EFFECT OP UETHAVIOEKT 1,!<H IT ON SYMPATHOMIMETIC! MJBSTANVKN 


27 


sodium nitroprusside) for an aliphatic amine was strongly positive, tints in- 
dicating the presence of inefhylamine. 

Prom a study of these oxidation products, it appears that epinephrine, 
when oxidized, splits off the side chain, leaving the catechol nucleus. From 
the side chain, we first obtain ethyl alcohol and methylamine- Further 
oxidation of the alcohol yields acetaldehyde which in turn is oxidized to 
acetic acid. Catechol is the only decomposition product which has any 
appreciable effect on blood pressure and then very weak as compared to 
epinephrine. 

The identification of these oxidation products is apparently sufficient 
evidence why epinephrine loses its pressor action when oxidized. 

OXIDIZED SYNEPHRIN' (OIIEMK’AE) 

Five cubic centimeters of 10 per cent .synephrin hydrochloride was boiled 
on a hot plate with 1 drop of 30 per cent snperoxol until a deep red color 
developed — indicating the point when approximately maximum activity is 
reached. 

Since synephrin base precipitates with Nil., Oil in a 10 per cent solution, 
it was thought possible that the oxidized product might be separated in the 
same manner. Accordingly, the oxidized solution was cooled and 4 drops 
of concentrated NII.OIJ added. The resulting precipitate was filtered on a suc- 
tion filter, washed, and dried in a vacuum desiccator over ILSO,. 

A. Precipitate tests: 

1. Melting point of precipitate — 170 to 171° C. 

Melting point, of original synephrin base — 173° C. 

2. On blood pressure of dog: 

A 0.1 per cent solution of the precipitate had the same effect oil 

blood pressure as the same concentration of synephrin base. 

3. Chemical tests: 

a. Solution of the precipitate had a pale pink brown color. 

b. Test with Mitchell's reagent (FeSO., + Rochelle salt) shows no 
epinephrine or catechol. 

e. With FeCl 3 — no catechol. 

d. With phosphomolybdotungstic acid— same color as with syne- 
phrin base. 

e. With pliosphotungstic acid reagent + Na 2 C0 3 (N.N.R..) blue 

color a little darker than same amount of synephrin base but 

not nearly as dark as epinephrine. 

B. Test on filtrate.- 

On blood pressure of dog: Very slight activity which was not more 
than, one-tenth of the activity of the original oxidized solution, but 
approximately the same as that produced by the same dose of synephrin 
base. 

From the results of these tests, it appears that the precipitate obtained 
by alkalinization of the oxidized synephrin solution is only the unchanged 



28 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


synephrin base. Furthermore, since the filtrate was not hyperactive, the 
active material seems to have been lost when the solution was alkalinized 
with NH 4 0H. Combining the precipitate and filtrate and injecting into a 
dog gave no more rise in blood pressure than a simple additive effect of the 
two solutions. 

These tests show only that the hyperactive oxidation product of synepkrin 
is not precipitated by NH 4 OH and is apparently rendered inactive by this 
reagent. 


THE EFFECT OF HYDROGEN ION CONCENTRATION IN IRRADIATION OF SYNEPHR1N BASE 

In earlier experiments, it was found that, irradiation of synephrin base 
did not change its pressor activity whereas the hydrochloride, tartrate, citrate, 
oxalate, or succinate gave a marked change. As a further studj' of the effects 
of ultraviolet light on this drug, samples of 0.1 per cent synephrin base Averc 
made up and adjusted to a range of P« A'alues by the addition of N/20 HC1. 
A La Motte colorimetric outfit was used to determine the P ]t A'alues, all buffer 
solutions being freshly prepared. The A’alue of the 0.1 per cent synephrin 
base solution Avas found to be Ph 9.3 ; N/20 HC1 Avas added as indicated in 
Table NXI to make up solutions of P H 9.0, S.0, 7.0, 6.0, 5.0, 4.0, and 3.0. 


Table XXI 


15 c.c. 0.1 per cent synephrin base 

15 c.c. 0.1 per cent synephrin base 

15 c.c. 0.1 per cent synephrin base 

15 c.c. 0.1 per cent synephrin base 

15 c.c. 0.1 per cent synephrin base 

15 c.c. 0.1 per cent synephrin base 

15 c.c. 0.1 per cent synephrin base 

15 c.c. 0.1 per cent synephrin base 


c.c. N/20 hcI r„ 


+ 

0 

0.3 

+ 

0.3 

0.0 

4 - 

1.3 

8.0 

+ 

1.65 

7.0 

M 

1.73 

6.0 

+ 

1.77 

5.0 

+ 

1.81 

4.0 

+ 

2.15 

3.0 


Ten cubic centimeters of each sample Were irradiated for ninety minutes 
in quartz-coA'ered, Avater-cooled dishes, and Avlien tested for pressor action 
in a dog, shoived the folloAving: 

1. Synephrin base, P H 9.0 or above, develops a reddish brotvn color after 
irradiation ; its action is not increased but is somewhat decreased. 

2. The solutions of P H 7.0 and lower are markedly increased in activity 
by ultraviolet irradiation. The color deA’eloped Aims a paler broivn 
color than the P H 9.0. 

3. Solution of Ph 8.0 had an increased action but not. as much as those 
of loAver P H . 

4. Solutions of the Avhole Ph range had the same activity before irradiation. 

This experiment shows that in order to deA'elop the increased activity, 

synephrin must kaA T e an acid present. The amount of acid necessary to pro- 
duce maximal effect is approximately the amount needed to form just completely 
the acid salt of the base present. It is left then to determine what role the 
acid plays in bringing about the formation of the active ingredient produced 
when synephrin is irradiated. 
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5. All samples become more acid when irradiated, llenting the irradiated 
solution with alcohol and concentrate ILS0 4 gives the odor of ethyl 
ncctale indicating the presence of acetic acid. The Table XXII shows 
the Ph before and after ninety minutes' irradiation and pressor activity 
of the irradiated drug. The change in Pn may be due to the acetic acid 
which is formed as an oxidation product, of the irradiation. 


Taiiu: XXI r 


r 

BEFORE 

IRRADIATION 

11 

l AFTER 

I IRRADIATION 

ACTIVITY OK IRRADIATED imro ON I>OC» 

1 IU.OOR VUER8UUE (MM. ltd.) 

NOItMAI. 

AFTER INJECTION | 

Dim 

n.o 

0.5 

12S 

140 

12 

s.o 


127 

104 * 

07 

7.0 


114 


120 

0.0 

■,r 

10S 

H 

08 

5.0 


US 


-IS 

4.0 


no 


40 

3.0 


ns 


58 


6. Solution of synephrin base when irradiated for seven hours had a slightly 
increased action on blood pressure and showed a Ph of 4.7. 

DISCUSSION 

Epinephrine 

The literature on the effect of ultraviolet rays on epinephrine solutions 
is not very extensive. If we consider that ordinary daylight provides some 
ultraviolet rays originating from the sun, we may have a possible explana- 
tion of the changes taking place in dilute solutions of epinephrine salts 
commonly observed. Such dilute solutions are stated (N.N.R. 1933— p. 191 ) 
to rapidly lose their strength, the deterioration being accompanied by a red- 
dish or brownish discoloration. For this reason, solutions of epinephrine are 
usually discarded as soon as any color develops although they may still be prac- 
tically as active as when freshly prepared. There is considerable hesitancy 
about sterilizing an epinephrine solution by boiling for this same reason. It 
is possible that our opinion of the rapidity of destruction of epinephrine solu- 
tion is somewhat exaggerated. Richter and Gerhartz 13 in 1908, while studying 
the action of roentgen rays on ferments, made a brief study of the action of 
soft and hard roentgen rays on solutions of epinephrine. By testing on the 
blood pressure of dogs, they found some evidence of destruction of pressor 
action, but there was too much variation to draw definite conclusions. Ludin 8 
in 1918 stated that roentgen rays did not alter adrenalin action as judged 
by the action on the surviving intestine of rabbits. McGuigan and Mostrom 10 
in 1913 reported the loss of glycosuric action of epinephrine boiled with 
sodium hydroxide, while some pressor action still remained. This work 
supported that of Ransom 12 in 1911. Savopol in 1914 exposed solutions of 
1:1,000 adrenalin to the rays from a quartz mercury arc lamp and reported 
changes in some minor actions of adrenalin. 1. The hemoagglutinating. and 
hemolytic properties were not diminished even with three hours' irradiation 
but rather increased to a certain extent. 2. The power of adrenalin to neu 
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tralize tetanus toxin was lost by three hours of irradiation. 3. The neeiotizing 
property of adrenalin on subcutaneous injection was attenuated with ten 
minutes’ irradiation and entirely lost with one and one-half hours of irradia- 
tion. The effect of ultraviolet irradiation on the pressor action of epinephrine 
was reported by Yerda, Kneer, and Burge in 1931. This method of judging 
the strength of epinephrine solutions is recognized by the U.S.P. X. After 
thirty-five minutes of irradiation, the pressor action was practically destroyed, 
and instead there appeared considerable depressor action. Ito and Terata 
also in 1931 reported an increase in the action of epinephrine solutions after 
irradiation for a short time and a loss of action by longer periods of irradia- 
tion. Another independent investigation by Ewing, Blickensdorfer, and Mc- 
Guigan in 1931* on epinephrine and related products showed a loss of pressor 
action of epinephrine solutions, which was almost complete in samples ir- 
radiated ninety minutes. Kneer, Orth, Yerda, and Burge in 1931 investigated 
the effect of ultraviolet irradiation and reported the loss of depressor action 
which nonirradiated solutions give when very dilute. 

SYNEPHRIN 

Since syneplirin is a rather new drug, reports on its action are not very 
numerous. Tainter and Seidenfeld in 1930 11 ’ made a quite thorough study 
of sympathomimetic compounds, including syneplirin. They reported the 
stability of solutions of the drug to boiling, and studied its sympathomimetic 
action on blood pressure, blood vessels, intestine, bronchioles, and the property 
of chemosis. In 1931, Ewing, Blickensdorfer. and McGuigan first reported a 
marked increase in pressor action of syneplirin salt solutions after irradiation 
for ninety minutes. Higgins, Ewing, and McGuigan in 1932 4 reported the 
effect of irradiated syneplirin solutions on the dog heart — which effect could 
not be obtained with the nonirradiated drug. Stockton, Pace and Tainter 
in 1931 18 reported the clinical value of racemic syneplirin in raising blood 
pressure, relieving asthmatic attacks, as an adjuvant to procaine in local 
anesthesia, and for shrinkage of mucous membranes with topical application. 

OTHER DRUGS 

Investigations of the action of ultraviolet light on drugs was stimulated 
by a rather extensive study of the formation of vitamin D. Rosenheim and 
Webster in 1928 14 showed that ergosterol alone, when treated pliotockemicnlly 
(by ultraviolet light) produced vitamin D, and concluded therefore that 
ergosterol was the parent substance of this vitamin. 

Pacini and McGuigan in 1930 reported the detoxification of 0.1 per cent 
solutions of nicotine when exposed to ultraviolet light. In 1931, Higgins, 
Ewing, and McGuigan showed that nicotine solutions were weakened by 
simple evaporation, but that when evaporation was prevented, ultraviolet 
rays still caused a destruction of nicotine. Wakeliam and Tracy 21 in 1932 
reported the effect of ultraviolet irradiation on 100 per cent and 10 per cent 
nicotine solutions. They reported a maximum destruction of toxicity in 
solutions irradiated one and one-fourth hours. Irradiation for a longer time 
resulted in an increase in toxicity. Gant 2 has recently published a paper on 
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the irradiation of nicotine showing t lint, decomposition only (alces place and 
that, the decomposition products arc finally nitrates, nitrites, and ammonia. 
Mneht, in 1932 reported the action of ultraviolet light on solutions of digitalis, 
lie found a decrease in toxicity up to one hour and thirty minutes of irradia- 
tion, then an increase in toxicity up to two hours and fifteen minutes of 
irradiation followed by subsequent decrease. 

Many of the conflicting or varying results of different Investigators can 
be explained by the different methods used, either in irradiating or in 
methods of judging the activity of the drug. The first factor is Die source 
and intensity of light used. This is usually stated in such investigations so 
that any one can readily evaluate this factor. The distance of the solution 
from the source of light is of equal importance in judging how much energy 
is actually reaching the substance irradiated. The volume of solution and 
surface area exposed to the rays has a great influence on the effect of the 
irradiation since the rays penetrate only slightly beneath the surface of the 
solution. Another factor of great importance is the concentration of the 
solution irradiated. The destruction of nicotine solutions reported by Pacini 
and McGuigan in 1930 was based on the irradiation of 10 c.c. of a 0.1 per cent 
solution in a Petri dish having an area of approximately 75 sq. cm. exposed 
to the rays. This means that 10 mgm. of nicotine were destroyed after 
•ninety minutes of irradiation at 12 inches from the source. Wakeham and 
Tracy in their work on nicotine reported in 1932 irradiated 100 per cent and 
10 per cent solutions in quartz tubes, the volume and surface area exposed 
not being stated. Their method of judging destruction of nicotine was by 
determining the M.L.D. in white rats. We point out these investigations as 
examples of differences in methods used and the inadequacy of some of these 
methods, which factor is probably the reason for the different results ob- 
tained. We have found that a 0.1 per cent solution of synephrin hydrochloride 
solution is markedly changed by ultraviolet irradiation whereas a 1.0 per 
cent solution irradiated under the same conditions is only slightly changed. 
Likewise epinephrine hydrochloride solutions in a 1 :10,000 dilution are quite 
rapidly destroyed by the ultraviolet rays ; whereas in a 1 :1,000 dilution, very 
little change occurs under similar conditions. We have noted that the tem- 
perature of the irradiated solution also affects the results. At a higher 
temperature changes take place more rapidly presumably because these 
changes are usually photochemical reactions which are hastened by increased 
temperature. 

In our work, we have confirmed previous investigations showing that 
ultraviolet light destroys the activity of epinephrine solutions as judged by 
various methods, and in no instance have we found any evidence of potentia- 
tion of this drug. Heating the solution of epinephrine hydrochloride with 
H 2 0 2 produced similar changes, both chemically and in biologic activity. The 
chemical products resulting from oxidation explain the loss in activity. 

The increased biologic activity of synephrm solutions effected by ultra- 
violet irradiation has been shown by various methods used in this investigation 
Similar changes effected by heating with H 2 0 2 lead us to believe that the 
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changes are only the result of oxidation. The exact nature of the hyperactive 
substance formed when solutions of syneplirin salts are irradiated is difficult 
to ascertain, since a combination of unchanged syneplirin with several oxida- 
tion products is present in the hyperactive solution. AVe hope m the near 
future to succeed in identifying this substance. The necessity of the presence 
of some acid with the syneplirin base in developing the hyperactive substance 
is established. 

The brief study of the hydrochloride of parahydroxyphenylpropanol amine 
gives evidence of changes similar to those with syneplirin hydrochloride and 
indicates that the important change is probably in the phenyl group rather 
than in the side chain. 


CONCLUSIONS 

1. Epinephrine solutions are oxidized by ultraviolet light so that all nor- 
mal actions of the drug are completely lost. 

2. No evidence has been found to indicate any activation of epinephrine 
solutions by ultraviolet irradiation. 

3. Some decomposition products of irradiated epinephrine -have been 
identified. 

4. Irradiation of solutions of syneplirin salts increases their action many 
times as judged by all methods of standardization used. 

5. Solutions of S 3 mephrin base do not exhibit any appreciable increase in 
action following irradiation. 

6. Excess irradiation of hyperactive solutions of syneplirin salts destroys 
their activity. 

7. Irradiation of parahydroxyphenylpropanol amine increases its action 
approximately to the same extent as is found with syneplirin salts. 

REFERENCES 

1. Ewing, P. L., Blickensdorfer, P., and McGuigan, H. A.: Effect of Ultra-violet Bays on 

Epinephrine and Belated Products, J. Pharmacol, and Exper. Thcrap. 43: 125, 1931. 

2. Gant, V. A.: Studies of the Effect of Ultra-violet Bays on Nicotine, J. Pharmacol, and 

Exper. Therap. 49: 408, 1933. 

3- Biggins, J. A., Ewing, P. L., and McGuigan, H. A.: The Effect of Evaporation and 
Irradiation on Nicotine Solutions, J. Pharmacol, and Exper. Therap. 42: 213, 1931. 

4. Higgins, J. A., Ewing, P. L., and McGuigan, H. A. : Slowing of Heart Bate, Due to 

Irradiated Synephrin, Epinephrine, Nicotine and Belated Drugs, J, Pharmacol, and 
Exper. Therap. 44: 353, 1932. 

5. Ito, B., and Terata, B.: On the Effect of Badiation Upon Adrenalin, Jap. J. Med. Sc., 

Trans. IV Pharmacol. 5: 65, 1930. 

6. Eneer, L., Orth, 0. S., Verda, D. J., and Burge, IV. E. : Destruction of Depressor Action 

of Adrenalin by Ultra-violet Badiation, Endocrinology 15: 547, 1931. 

7. Eoessler, E. E., and Lewis, J. H. : Determination of Bronchospasm in the Guinea Pig, 

Arch. Int. Med. 39: 163, 1927. 

8. Ludin, M.: Action of Boentgen Bays on Adrenalin, Stralilentlierapie 8: 441, 1918. 

9. Maclit, D. : Influence of Ultraviolet Bays on Pharmacological Potency of Digitalis, Arch. 

Phys. Therap. 13: 5, 1932. J b ’ 

10. McGuigan, H. A., and Mostrom, H. T.: Epinephrine, J. Pharmacol, and Exper. Therap. 

4: 277, 1913. r 

11. Pacini, A. J., and McGuigan, H. A.: Detoxification of Nicotine by Ultraviolet Bays, J. 

Pharmacol, and Exper. Therap. 39: 241, 1930. 

12. Bansom, F.: The Action of Potato Tyrosinase on '"Adrenalin, Proc. Roy. Soc. Med. 5: 

19, 1911. 

13. Bidder P. F, and Gerhartz, H. : , The Action of Boentgen Bays on Ferments, Berl. klin. 

Wcnnscnr. 45: 646, 1908. ' 



HKUZ: AMHNH'YKINU IN UKANUbOCYTOl’ENIA 


33 


14. KofcnUeun, G., and Webster, T. A.: The Specificity of Ergostcrol ns Parent Substance of 

Vitamin D, lMoeliem. ,T. 22: 702, 1028. 

15. Savopol, A.: Action of Ultraviolet, llays on llcmoagglatiMiting and Hemolytic Properties 

of Adrenalin, Compt. rend. Soe. <lo biol. 77: 45S, 1014. 

.1G. Savopol, A.: Action of Ultraviolet Unvs on Necrotizing Property of Adrenalin, Compt. 
rend. Soc. do biol. 77: 450, 1014. 

17. Savopol, A.: Disappearance of Neutralizing Property of Adrenalin on Tetanus Toxin 

Following Ultraviolet Irradiation, Compt. rend. Soc. do biol. 77: 4G0, 1014. 

18. Stockton, A. D., Pace, P. T., and Tnintcr, M. L.: Some Clinical Actions and Therapeutic 

Uses of Knccmic Synephrin, J. Plmrmncol. and Expcr. Thcrnp. 41: 11, 1001. 

10. Taintcr, M. L., and Seidcnfcld, M. A.: Comparative Actions of Sympathomimetic Com- 
pounds: Synephrin-isomers and -ketone, J. Plmrmncol. and Ex per. Thcrnp. 40: 23, 
1930. 

20. Ycrdn, D. J., Knccr, L., and Burge, W. E.: The EfTect of Ultraviolet Irradiation on 

Pressor Action of Epinephrine, .T. Pharmacol, and Expcr. Thcrnp. 42: 383, 1031. 

21. Wakcham, G., and Tracy, G. 1\: Effect of Ultraviolet Irradiation Upon the Toxicity of 

Pure Nicotine, J. Plmrmncol. and Expcr. Thcrnp. 44: 205, 1032. 


THE ROLE OF AMIDOPYRINE IN T11E ETIOLOGY OF GRANULO- 
CYTOPENIA WITH SPECIAL REFERENCE TO ITS 
CHEMICAL STRUCTURE 


Lucrus Felix Hehz, Pii.B., M.D., New York, N. Y. 


G RANULOCYTOPENIA (otherwise known as agranulocytosis, agranulo- 
cytic angina, or granulopenia) was first accurately described by Schultz 1 
in 1922. Beckman 2 mentions the fact that the end-results of the disease were 
demonstrated by Pepper as long ago as 1857, but the blood picture was not 
recognized until Schultz’s researches. 

Beckman 2 gives an excellent description of the disease. He states that it 
is first characterized by a complete elimination of the myelocytes, followed in 
four days by immense reduction in the granular leucocytes, and later their 
complete absence. Two days later there are extreme symptoms of sudden col- 
lapse, chill, fever, injected pharynx or ulcerative stomatitis, sometimes jaun- 
dice, soon stupor or death (unless the maturation of myelocytes is resumed) . 
General sepsis develops if the patient survives this stage, and death soon follows. 

Benzene and the benzene ring are sometimes blamed for the causation of 
the disease. Kracke produced the disease in rabbits by injecting benzene into 
the circulation. 3 As benzene is rarely used as such in medicine, and then 
chiefly in the treatment of leucemia, and as the compounds bearing the ben- 
zene ring which we use therapeutically are well tolerated when given in 
proper doses (see the author’s article on acetanilid 11 ), I will show later why 
amidopyrine must be considered in a different category. 

According to Madison and Squier, 4 500 cases of granulocytopenia are now 
on record, the increase in the number of cases on record closely paralleling the 
increase in the use of amidopyrine within recent years. The authors ascribe 
the condition in 14 of their cases to “benzene ring derivatives,” and later 
admit that they referred to amidopyrine. I am prepared to show that amido- 
pyrine should not be classed as a benzene ring derivative. 
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Madison ancl Squier 5 in a later article give a detailed description of 14 cases 
of granulocytopenia, all of which followed the use of amidopyrine (7 with 
barbiturates, 6 alone, and 1 combined with other drugs). Eight patients died. 
The surprising part was that physiologic doses were used in all cases (one 
patient took amidopyrine gr. x daily for eleven days and developed the dis- 
ease). The authors conclude their article as follows: 

“(1) The increase in incidence of primary granulocytopenia (agranulo- 
cytic angina) has paralleled the increase in the use of dings containing amido- 
pyrine, and especially those containing amidopyrine with a barbiturate. 

“ (2) The disease has appeared most frequently in persons apt to be tak- 
ing drugs: physicians, nurses, and those directly under the c arc of a physician. 

“(3) In each of 14 patients the onset of primary granulocytopenia was 
directly preceded by the use of amidopyrine alone or in combination with a 
barbiturate. 

“(4) The mortality in a group of 6 patients who continued the use of 
drugs containing amidopyrine was 100 per cent. In a group of 8 patients who 
did not continue the use of these drugs, only two died, and both of these died in 
the initial attack. 

“(5) The administration of a single dose of amidopyrine to each of two 
patients who had recovered from the acute disease was followed by a rapid 
profound fall in the granulocytes. 

“ (6) One rabbit was given allylisopropylbarbituric acid with amidopyrine 
(allonal) by mouth in relatively large doses, showed an abrupt drop in granu- 
locytes and died on the thirteenth day. Preceding death, there was complete 
absence of granulocytes in the peripheral blood; 17 other rabbits given al- 
lonal or amidopyrine showed no significant changes in the blood picture. 

“(7) IVe believe that amidopyrine alone or in combination with a bar- 
biturate is capable of producing primary granulocytopenia in certain individ- 
uals who have developed sensitivity to the drug. 

“(8) We believe that the appearance of primary granulocytopenia fol- 
lowing the use of such drugs may be the result of an allergic or anaphylactoid 
drug reaction.” 

Armand J. Quick, in a recent article, 0 and also in a letter 7 to the Journal 
of the American Medical Association states that drugs which produce allergy 
may perhaps cause a severe inflammatory reaction which may terminate in 
neurosis. 

Hare has collected 121 cases of untoward efiects from antipyrine, most 
of which had erythematous patches and bullae. The dose was usually a mod- 
erate one. Amidopyrine is derived from antipyrine and is structurally similar. 

Randall 9 describes a case of granulocytopenia following the use of bar- 
biturates and amidopyrine. He blames the ‘‘benzene ring” in both drugs. I 
cannot agree with his conclusions as I will state in more detail later. 

Zinniger zeports two cases of granulocytopenia of unknown origin and 
m a letter to the editor -sent later, ascribes them to amytal compound (con- 
taining amidopyrine). 
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Hoffman, Butt, nnd llickey’ 2 presented a series of 34 eases of granulo- 
cytopenia with 13 deaths. The one patient who recovered had developed the 
disease following dinit rophenol. The 13 who died developed the disease fol- 
lowing the use of amidopyrine. 

In November, 3033, Watkins 1 '' presented 32 eases of granulocytopenia 
which were observed at the Mayo Clinic. Of these 24 had taken amidopyrine 
or a barbiturate. Ten took amidopyrine alone and of these 2 died. One of the 
8 who recovered had 12 attacks within two and a half years. He took amido- 
pyrine for the relief of migraine and developed granulocytopenia after each ses- 
sion. One attack followed the use of ethyl methyl butyl barbiturate. Two 
patients used allonal, neither died; 5 used nmytal, all died; 4 took sodium 
ethyl methyl butyl barbiturate, all died in the first, attack. Two took phono- 
barbital, one died. Eight patients showed no definite history of drug taking, 
but. had been under the care of physicians for chronic ailments, and it. is thought 
that they had been taking either amidopyrine or the barbiturates. Watkins 
states: “Whether these persons have primary deficiency of the bone marrow 
is open to question, but before the onset, of the neutropenic state, the leucocyte 
response in most, instances had been normal. The fact that in two cases recur- 
ring neutropenia has regularly followed the use of amidopyrine, would indi- 
cate that in these cases there is apparent association between ingestion of the 
drug and neutropenia. The possible relationship between these drugs and 
granulocytopenia is not, in my opinion, a general contraindication to their use, 
but when they are to be used regularly, it would seem advisable to make a 
leucocyte count at intervals of every two or three days while the patient is in 
a hospital and every two or three weeks if the nse of the drug is continued 
after the patient’s dismissal from the hospital.” 

Hoffman, Butt, and Hickey 12 state also that they are conducting a series 
of experiments with rabbits. They state “amidopyrine alone was used in con- 
trast to the combination of Madison and Squier of amidopyrine with allyliso- 
propyl barbituric acid, because amidopyrine was the only drug used in 13 of 
the 14 cases observed.” They succeeded in producing a marked leucopenia in 
the rabbits ranging from 8 per cent to 20 per cent of normal. 

The authors again blame the benzene ring for the leucopenia, but state 
“whether the latter (the benzene ring) is tlie actual toxic agent in the pro- 
duction of neutropenia needs further experimentation, part of which we are 
now undertaking. Our work points to amidopyrine as having a definite effect 
on myeloblastic tissue similar in man and rabbits. Whether this is an individ- 
ual susceptibility of the nature of an allergic reaction as suggested by Pepper, 14 
remains to be determined. Until it is, the use certainly of amidopyrine alone or 
in combination with other drugs should be restricted to patients having leuco- 
cyte counts several times a week.” 

Beckman 2 is one of the few writers who seem to have correctly classified 
amidopyrine according to its structural formula, not as a benzene ring deriva- 
tive, but as a> p y ) azolon demvafive. It is true that there is a phenyl radicle 
present, but as this is a side chain of the pyrazolon nucleus, the pyrazolon is 
the active element in the drug. 
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Let us see the chemical nature of some of the antipyretics in common use. 
First we will consider derivatives of the benzene ring, /\ or C„ H 0 . 


/\ 


/\ 

! 1 

\/ OC.II, 

n 

\y 

Benzene 


1 

\y 

NII.COCHj 

Acetanilid 

i i 
\/ 

NHCOCHj 

Plienacetin 


OH 

/\ 

j jCOONa 

v 

Sodium Salicylate 


j 100C.CH, 

) | COOII 

\/ 

Aspirin 


All these compounds except benzene (which is not given therapeutically 
except in rare instances) are relatively nontoxic when given in therapeutic 
doses. Even in immense overdoses no cases of granulocytopenia have been 
traced to them. It is thought that acetanilid and plienacetin are gradually 
converted to para-mino-phenol which exerts an antipyretic action, and then ex- 
creted as the glycuronate or sulphate of the above compound. 15 Salicylates 
are excreted either as such or as modified glycuronates. 

Amidopyrine and antipyrine belong to a different group. Instead of the 
hexagonal benzene ring, they are built about the pyrazolon ring, a modifica- 
tion of pyrrol, both being pentagons: 


HC — CH 


HC CII 

\y 

NH 

Pyrrol 


HC = CH 

I 


HN CO 

\y 

NH 

Isopvrazolon 


CHj- C = C.N(CH 3 ). 


CH 3 N CO 

\/ 

n.c s h 5 

Amidopyrine (Dimethyl 
Amido antipyrine) 


CII, - C = CH 


CII, N CO 

\/ 

N.C.H, 

(Plienyl-dimetliyl- 

isopyrazolon) 


Why is amidopyrine more toxic than acetanilid, plienacetin or aspirin 1 
I shall endeavor to answer that question from an analysis of its chemical 
structure. The fact that the pentagonal pyrrol ring instead of the hexagonal 
benzene ring is present is not the essential point, in my estimation. I consider 
the NH component of the ring as the toxic element, regardless of whether it 
remains as NH or whether the H is replaced by another radicle such as phenyl 
as in antipyrine or amidopyrine. 

McGuigan 1 - states although antipyrine is derived from phenyl hydrazine, 
which is a strong Mood 'poison, it is physiologically not a phenyl hydrazine 
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derivative, perhaps on account of the formation of the pyrazolon ring. 
MeGuigan started with tlic correct idea, but as the toxicity of amidopyrine 
had not been fully appreciated, his final conclusion is not correct.. McGuigan 
hit the nail on the head when he mentioned that nntipyrinc is derived from 
phenyl hydrazine. I maintain that it not only is derived from phenyl hydra- 
zine, but partakes of its nature. 

I will show several drugs having this Nil or N radicle as an integral part 
of a ring: 
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NIT, 

Amlin 


HC 


CH 


NII.NH, 

Phenyl Hydrazine 


AO CH 


\y 

Nil 


Pyrrol 

(more toxic than 
pyridine) 


HC — CII 

CH,-C = CII 
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CH, N CO 
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\/ 

NH 
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Isopyrazolon Antipyrine 

(Plicnyl dimethyl 
isopyrazolon) 


011,-0 


CN(CH,), 



CH, N GO 

\/ 

N.C.H, 

Amidopyrine 

(Dimethyl-amino- 

antipyrine) 


\/ 


N 


Pyridine 
(slightly toxic) 




NH 


Pidperidine 
(highly toxic) 


Pyridine is slightly toxic. Piperidine is highly toxic and differs from 
pyridine solely in the substitution of an NH (imido) radicle for the N radicle. 
This shows the toxic character of the imide radicle. Furthermore, all alka- 
loids, such as morphine, nicotine, quinine, strychnine, cocaine, etc., contain 
this toxic radicle. 

Amidopyrine and antipyrine have this imido radicle with the H replaced 
by a benzene ring, wliich' apparently is insufficient to neutralize the toxicity 
of the imido radicle. 

Phenyl hydrazine contains the imido radicle, not as an integral part of 
the ring, but as a closely joined side chain. 

Examining other chemical combinations, we find the NH, (amino) radicle 
as a component of proteins, amino acids, and such end-products as urea and 
uric acid. It is nontoxic in most of its combinations, but a few compounds 
such as anilin, when not combined with side chains are toxic. Side chains 
decrease the toxicity to a marked extent, and permit of the use of accepted 
benzene derivatives with complete safety in medicine. 
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Barbituric acid and the barbiturates are products synthesized from urea 
and ma Ionic acid, and present an incomplete purine ring— uof a benzene ring. 
Uric acid may be synthesized in the laboratory from barbituric acid. 

The writer does not maintain that amidopyrine is the sole cause, or that 
the imido radicle is solely responsible for the drug causation of granulocyto- 
penia. He merely states that it is one of the important causes. Other drugs 
may likewise cause granulocytopenia, and the blame must be placed upon 
other equally toxic radicles. For instance dinitroplienol consists of a benzene 
ring with one (OH) and two (N0 2 ) radicles. The NO» radicles are quite as 
toxic as the NIL Picric acid is trinitrophenol, and is highly toxic. Other 
drugs which have caused granulocytopenia are salvarsan : 
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and likewise some of the barbiturates are said to have caused it. 

Having demonstrated the toxic nature of amidopyrine, and having shown 
that it has produced more cases of granulocytopenia than any other drug in 
common use in medicine, the thinking members of the medical profession 
should consider amidopyrine and its progenitor antipyrine as too dangerous 
for use in medicine. Why should we use a drug with fear and trepidation, 
and be compelled to check its use with a leucocyte count every two days, as 
Watkins suggests, when we have safe and efficient drugs to answer our ther- 
apeutic requirements'? There is no reason, in the light, of present scientific 
investigation, ever to use the dangerous pyrazolon compounds, amidopyrine 
and antipyrine. 

The writer 11 has shown that acetanilid is a safe and efficient drag when 
properly used. He has shown the unscientific nature of most of the adverse 
propaganda. Even the idea that caffeine should not be combined with aeetani- 
lid, as it was thought to form a toxic combination, has been exploded by 
McGuigan who showed by animal experimentation that caffeine deex-eases 
the toxicity of acetanilid. Other investigators have proved that citrates still 
further diminish its toxicity. A combination of acetanilid, caffeine, and potas- 
sium citrate would form an excellent and relatively nontoxic combination. 

Lowy, and Helms, in a paper which I have had the privilege of reading, 
and which has not yet been published, based upon a questionnaire sent by 
Dr. Lowy to every hospital in the United States asking about the number of 
deaths, poisoning, and addiction from opiates, barbiturates, and amidopyrine, 
antipyrine, acetanilid, and phenacetin during a ten-year period shows the pres- 
ence of far mox-e cases of deaths and addictions from the barbiturates than from 
the antipyretics. There were practically no deaths from the latter group, but 
as granulocytopenia was then not generally recognized, and complete blood 
counts were not done in all' cases, many deaths from unrecognized' causes may 
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have boon from granulocytopenia. Acetanilid, in spilt*, of nil flic adverse 
propaganda against it, was rarely considered the cause oT death, practical!} 
never as an addiction, and rarely as a cause of toxic phenomena. 

Acetplienctidin is similar in its action to acetanilid but less efficient , and 
consequently requires large doses. In doses sufficient, to produce results, it is 
more toxic than acetanilid. 


CONCLUSIONS 

1. Granulocytopenia lias increased markedly in prevalence within the past 
few years. It is a virulent and rapidly fatal disease, and it lias been proved 
beyond any reasonable doubt that amidopyrine is the most frequent cause of 
this condition. 

2. Madison and Squier 5 have produced granulocytopenia in one dog by 
a combination of amidopyrine and nllylisopropyl barbituric acid (allonal), 
while Hoffman, Butt, and Hickey 1 * have produced granulocytopenia in several 
rabbits by feeding amidopyrine alone. 

3. Amidopyrine is a pyrnzolon compound containing the highly toxic Nil 
(iinido) radicle, is derived from phenyl hydrazine,, and resembles the latter 
in its rapid reduction of granular leucocytes in the blood stream and bone 
marrow. 

4. Fully 500 cases of granulocytopenia have been described within recent 
years, and the increase in its prevalence closely parallels the increase in the 
use of amidopyrine, the majority of patients having used it, the drug being 
practically always taken upon a physician’s order. 

5. The dangerous character of amidopyrine being now established beyond 
any reasonable doubt, amidopj'rine should be strictly banned by the medical 
profession. 

6. "When anodynes or antipyretics are indicated, we have a safe drug 11 
in acetanilid, which should be given in therapeutic doses, best combined with 
caffeine and potassium citrate. (An alternative but less efficient drug would 
be acetphenetidin.)* 

7. By using the safer antipyretics mentioned, there is no doubt but that 
we will obtain greater efficiency, and rapidly eliminate granulocytopenia and 
other toxic phenomena now known to be caused by the dangerous pyrazolon 
group of drugs (amidopyrine and antipyrine). 
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THE BACTERICIDAL AND FUNGICIDAL ACTION OF HOMOLOGOUS 
HALOGEN PHENOL DERIVATIVES AND ITS 
“QUASI-SPECIFIC” CHARACTER* 


II. Derivatives of Orthochlorophenol 
(With Notes on Chlorine-Free Alkyl Phenol Derivatives) 


Emil Klarmann, Sc.D., Vladimir A. Shternov, Ph.D., and Louis W. Gates, 

B.S., Bloomfield, N. J. 


introduction 


I N OUR preceding paper 1 wc described certain regularities which we found 
in the relationship between the chemical constitution and the microbicidal 
action of aliphatic and aromatic substitution derivatives of parachlorophenoU 
The present paper deals with the derivatives of orthochlorophenol in the man- 
ner of our previous work. In addition, some consideration is given herein to 
the halogen-free para-alkyl (and alkaryl) phenol derivatives, for two reasons; 
first to show what effect the introduction of chlorine into the ortho-position of 
the nucleus of para-alkyl phenols has upon the antibacterial action, and second 
to demonstrate the existence in this class of phenol derivatives of the “quasi- 
specific” effect previously described. 

The derivatives of orthochlorophenol under consideration may be repre- 
sented by the general formula : 


OH 



\/ 

R. 


where R is an aliphatic or aromatic substituent. 
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fin this connection attention is called to anotHer* m nru- . ... 

lives, which has been published in the meantime?’ 1 dealm S with 


broniophenol deriva- 
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The microorganisms used in this investigation, the methods of their cultiva- 
tion, and the testing procedures were the same as described in our preceding 
paper. 

PARA-ADKYI, DERIVATIVES OK OHTIlOCIU.OHOKHKNOn 

A perusal of Tables I to IV indicates a very similar relation between the 
molecular weight and the microbicidal action in tbc class of the para-alkyl 

Taiii.e I 

Tiif. Germicidal Actios or Homologous Deuivatives or Outkociii.oiioi'HESOI. XJrON 
Okoanismr or the Typhoid Coi.os Group 

Minimum Concentrations KrrECTivr, is 10 Min. (1) and Phenol Coeeficients (11) 



Ebcrtliclla 

typhi 

Eberthella 

partulyscnicriac 

Salmonella 
srhottmiitlrri 
(11. para 
typhosus JS) 

Escherichia 

coli 

i 

II 

I 

11 

I 

11 

I 

11 

o-Chlorophcnol 

1 : 350 

wi 

1 : 350 


■WtiTil 

2.1 

1 : 300 

23 

p-Alkyl Derivatives 

Methyl 

1: 1,000 

0.3 

1 : SOD 

5.3 

1: 700 

5.4 

1: 700 

5.4 

Ethyl 

1: 2,750 

17.2 

1: 2,000 

13.3 

1: 3,500 

25.0 

1: 3,500 

29.2 

n-Propyl 


gMil 

1: 6,000 

40.0 

1: 5,000 

35.7 

1: 4,000 

33.3 

n-Butyl 


86.7 

1:12,000 

80.0 

1:10,000 

CG.7 

1: 5,000 

38.4 

n-Amyl 

1:12,000 

■SHIM 

1:12,000 

SO.O 

1: 0,000 

HI 

1: 2,500 

19.2 

tert. Amyl 

1: 4,500 

32.1 

1: 7,000 

46.7 

1: 3,000 

21.4 

(1: 2,500) 

(17.9) 

n-Hcxyl 

(1: 3,500) 

(23.3) 

— 

— 

— 

— 

— 

- 

n-Hcptyl 

(1: 2,500) 

(1C.7) 

— 

-- 

— 

-- 

— 
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Aromatic Derivatives 


4 -Benzyl 

1: 5,000 

ilil 

1 

7,000 

fckfcll 



1 

3,500 

26.9 

6-Benzyl 

1: 3,750 

Kill 

1 

5,000 

KEPI 


mi 

1 

3,000 

23.1 

Phenol (Control) 

1:140-150 

1.0 

1 

140-160 

MSI 


1.0 

1 

140-150 

1.0 


Table II 


The Germicidal Action of Homologous Derivatives or OnTHOciii.ORornF.NoL Upon 

Pathogenic Cocci 


Minimum Concentrations Effective in 10 Min. (I) and Phenol Coefticients (II) 



Staphylococcus 

auretts 

Mite Mi 

Micrococcus 

catarrlialis 

i 

II 

i 

II 

I 

II 

o-CItlorophenol 

1: 200 

2.9 

1: 200 

2.0 

1: 300 

2.0 


p-Alkyl Derivatives 


Methyl 

Ethyl 

n-Propyl 

n-Butyl 

n-Amyl 

tert. Amyl 

n-Hexyl 



7.5 


5.6 

1: 1,100 

15.7 

1: 1,500 


1: 2,250 

32.1 

1: 3,000 

33.3 

1: 7,500 

93.8 

1: 8,000 

88.9 

1:20,0 00 

286.0 

1:20,000 


1:10,000 

125.0 

1:11,000 


1:40,000 

500.0 

1 -.50,000 

555.0 

1:30,000 

375.0 

1:30,000 



1 : 700 

1: 2,500 
1: 4,000 
1 : 10,000 
1 : 20,000 
1: 7,000 
1:50,000 


4.7 

16.7 

26.7 

66.7 

133.0 

46.7 

333.0 


Aromatic Derivatives 



4-Benzyl 

6-Benzyl 

Phenol (Control) 

1:10,000 

1 : 5,500 
1:70-80 

125.0 

68.8 

1.0 

1:13,000 

1: 8,500 
1:80-90 

1 163.0 
94.4 

1.0 

| 1 : 20,000 
1:20,000 
1:140-160 

1 143.0 
133.0 
| 1.0 


derivatives of orthochlorophenol, as was found before in the class of ortho- 
alkyl derivatives of parachlorophenol. 

The microbicidal potency with regard to the typhoid-colon group ( Eberthella 
typhi, Eberthella paradnjsenteriae, Salmonella schottmulleri, Escherichia coli ) 
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reaches its maximum with the n-butvl derivative and declines thereafter (Ta- 
ble I). However, with regard to all the other test organisms (Tables II, III, 
and IV) comprising cocci, acid-fast bacteria and pathogenic fungi, the n-amyl 

Table III 


The Germicidal Action or Homologous Derivatives or Ortiiociiloropiienol Uro.v 

Acid-Fast Bacteria 

Minimum Concentrations Effective in 10 Min. (I) and Phenol Coefficients (II) 



Mycobacterium 

tuberculosis 

(hominis) 

Mycobacterium 
leprae f murium) 

Mycobacterium 

smegmaiis 

I . 1 

II 

I 1 

11 j 


1 11 

o-Chlorophenol 


[ 2 ° 

■nnnnj 

0 0 j 



p-Alkyl Derivatives 

Methyl 

■BBEnn 

5.0 

1: 400 

4.4 

1 : 500 

6.3 

Ethyl 

1: 1,600 

17.8 

1: 1,600 

17.8 

1: 1,400 

15.6 

n-Propyl 

1: 3,000 

33.3 

1: 3,000 

30.0 

1: 3,000 

33.3 

n-Butyl 

1: 7,000 

77.8 

1: 7,000 

77.8 

1:10,000 

125.0 

n-Anjyl 

1:20,000 

222.0 

1:16,000 

178.0 

1 :20,0P0 

250.0 

tert. Amyl 

1:10,000 

m.o 

1: 8,000 

S8.0 

1:11,000 

138.0 

n-Hexyl 

1 :16,000 

178.0 

1 :20,000 | 

222.0 

1 :40,000 

500.0 

n-Heptyl 

1: 7,000 

77.8 

1:10,000 

m.o 

1:16,000 

200.0 


Aromatic Derivatives 


4-Benzyl 

1 

13,000 i 

163.0 

1:14,000 


1:12,000 

I 150.0 

6- Benzyl 

1 

10,000 | 

125.0 

1:12,000 

■bK 

1: S,000 

100.0 

Phenol (Control) 

1 

00-100 1 

1 0 

1:00-100 

1 i-o | 

1:00-100 

t 1.0 


or the n-hexyl derivatives are the most potent; moreover their potency is of 
a higher order of magnitude. The latter compound which shows a maximum 
potency with regard to the three pathogenic eocei and a very considerable one 
(though not always a maximum) against the other microorganisms studied, is 
comparatively very little effective against Eberthella ■ iyphi and also against the 
other three bacteria of the typlioid-colon group; hut no definite quantitative 
data could he obtained in reference to the latter microorganisms owing to wide 
fluctuations in the individual experiments. 


Table IV 

The Fungicidal Action of Homologous Derivatives of Orthociilorophenol 
Minimum Concentrations Effective in 10 Min. (I) and Phenol Coefficients (II) 



Monilia 

albicans 

Trichophyton ■ rosaccum 


X 

II 

r 

II 

o-Clilorophenol 

1 : 250 

2.2 

1: 200 

2.2 


p -Alkyl Derivatives 


Methyl 

Ethyl 

n-Propyl 

n-Butyl 

n-Amyl 

tert. Amyl 

n-Hexyl 

n-Heptyl 

1: 750 

1: 2,000 

1: 4,000 

1: 8,000 
1:25,000 
1:10,000 
1:25,000 

1: 7,000 

8.3 

22.2 

44.4 

88.9 

278.0 

100.0 

278.0 

70.0 

1: 700 

1: 1,600 

1: 3,750 

1 : 8,000 
1:20,000 
1:10,000 
1:16,000 

7.0 

17.8 

41.7 

80.0 

200.0 

90.9 

160.0 


Aromatic 

Derivatives 



4-Benzyl 

6-Benzyl 

Phenol (Control) 

1:14,000 

1: 8,000 
1:90-110 

156.0 

88.9 

1.0 

1:14,000 

1: 7,000 
1:90-110 

156.0 

77.8 

1.0 
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Thus the “ quasi-specific ” effect, again is in evidence, beginning with p-n- 
hcxyl-o-clilorophcnol which shows such considerable germicidal potency with 
regard to some microorganisms and so little of it. with regard to others. The 
difference between the molecular weights of the compounds of maximum potency 
against the two groups of microorganisms into which Ibis effect, divides them, is 
narrow involving the step from the n-butyl to the n-amvl or n-hexyl derivative. 

While there are in the series of orthoehlorophcnol derivatives several com- 
pounds of noteworthy germicidal and fungicidal potency, a comparison of the 
microbicidal action of the individual members of this series with that of the 
parachlorophenol scries studied previously, reveals without exception a con- 
siderable superiority of the ortho-alkvl derivatives of parachlorophenol over 



fO +0 60 fio loo 


Molecular Weight of the Subii.tuiing Group 


Fig. 1. — The germicidal action of para-alkyl derivatives of orthochlorophenol. 

“•ns: I EbertheJla typhi. II Staphylococcus aureus. Ill 

Mycobacterium tuberculosis ( hom .). IV Monilia albicans. 


Test organ 


the para-alkyl derivatives of orthochlorophenol. The same remarks apply to 
the p-benzyl-o-ehlorophenol as compared with the o-benzyl-p-chlorophenol pre- 
viously prepared. The o-benzyl-o-chlorophenol is less effective than the cor- 
responding p-benzyl derivative. 

For reasons of economy the discussion of Tables X to IY is limited to the 
above few remarks; the reader is referred to the tables themselves for further 
details. A graphic description of the conditions encountered in this series of 
compounds, illustrating the “quasi-specific” effect of the higher homologs is 
furnished by Fig. 1 in which the data obtained with one representative test- 
organism of each of the four groups studied have been used for the sake of 
greater clarity. 
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PAR A- ALKYL PHENOL DERIVATIVES (CHLORINE-FREE) 

While the antibacterial properties of the homologous series of phenol deriva- 
tives have been referred to by previous investigators, 3 it was deemed desirable 
to carry out a bacteriologic investigation of the para-alkyl phenol series with 
the aid* of representative test-organisms and using the same experimental con- 
ditions in order to ascertain the effect of substitution by chlorine in the ortho- 
position to the hydroxy group upon the germicidal action.® Table V presents 
the results obtained in terms of minimum concentrations destructive of microbic 
life in ten minutes at 37° C., and the phenol coefficients calculated therefrom. 



Z-o 40 60 ao ioo 


Molecular Wci^Vrf of fHfc Sub *»f if ui»n0 GrAMp 

Fig-. 2.-— The germicidal action of para-alkyl derivatives of phenol (chlorine-free). 

organisms; I ........ Eberthella typhi . II- — Staphylococcus aureus. Ill - - 

Mycobacterium tuberculosis (/tom.), iy jVfouilin albicans. 


Test 


When compared with the respective columns in Tables I to IV it shows that 
with the exception of the homologs with the highest molecular weights the 
o-chloro derivatives are on the average about twice as effective as the chlorine- 
free para-alkyl phenols. 

The phenomenon of “quasi-specific” action observed in the several series 
of halogen alky] phenol derivatives is encountered also in the series of the 


‘These compounds were obtained by the reduction of the corresponding ketones by means 
of amalgamated zinc and hydrochloric acid; the ketones, in turn were^formed bv an in- 
cSo"un a d e r re d% r fl r nhfe n rdi.?ons h0 esters of phenol in •thTprese^of Aluminum 
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Tama: V 

Thk. Microbicidal Action or Paka-Alkyl Phenol Derivatives (('m.oitiNr. I'm:; 
Minimvm Concentrations Hittctive in 10 Min. (1) ani. I’iiknoi. CormcirNTS (II) 



KhnlhrlUi 

1;i phi 

Staphylococcus 
ait mix 

Miicabartt rutin 
tutu mitosis 
fho mi »/ s) 

Mnuilia 

albicans 

I 

It 

i 

II 

I 

11 

I 

II 

I’lienol 

1 : lr.O 

1.0 

1 : SO 

1.0 

1 : <io 

1.0 

1 : <01 

1.0 

Alkyl Derivatives 

Metlivl 

is BOO 

2.0 

I: 100 

2 0 

1 : 200 

O O 

1 : 200 

2.0 

Ktlivi 

1 : 1.000 


1 : .100 

G.3 

1 : 000 

0.7 

1 : 700 

7.S 

n-Propvl 

1 •.2.7.10 

1S.S 

1 : 1,300 

10.3 

1: 1,000 

17. S 

1: 1,000 

17. S 

n-Butvi 

I sT.OOll 

•10.7 

1 : :;,.ioo 

43.7 

1 : 4,000 

44.4 

1 : 4,000 

44.4 

u-Anwl 

l :s,nno 

.i:t.:t 

1 : 10,000 

12-7.0 

1 -.12,000 

133.0 

1 : 14,000 

LIG.O 

11 -ITexv] 

1 : .1,000 

33.3 

1 : 2.1,000 

313.0 

1 : 3.1,000 

380.0 

1 : 30,000 

333.0 

n-Heptvl 

Cl S2..100) 

(10.7) 

1 s.10.000 

02.1.0 

1 sOO.OOO 

007.0 

1 :. 10.000 

550.0 


halogen-free jiara-alkyl phenols. Tims, with respect 1o Eberlhc.Ua lyphi the 
microbicidal potency increases at. first with the increasing weight of the sub- 
stituting radical, reaching a maximum in the case of the p-amyj phenol, and 
decreases thereafter, while with regard to Staphylococcus aureus, Mycobacterium 
tuberculosis (hom.), and Monilia albicans the increase is continuous without 
the evidence of a maximum being reached in the case of the n-heptyl deriva- 
tive; the same compound shows comparatively very little efficacy against Eb- 
crfhclla typhi. These conditions arc illustrated graphically in Fig. 2. The 
similarity in the course of the curves in Fig. ] in this and the preceding paporf 
is remarkable and justifies the assumption that the “quasi-specific” effect is 
common to different homologous series of phenolic germicides. (By way of 
advance information, further support is lent to this idea by the findings made 
in the case of the three scries of monoethers of dihydric phenols.) 


TOXICITY 

Using the same method as described in our preceding paper, we determined 
the toxicity of the p-n-alkyl compounds of the orthochlorophcnol series and also 
of those of the series of chlorine-free p-alkyl phenols (Table VI). In the former 

Table VI 
Toxicologic Data 
Subcutaneous Injection in Mice 

Minimum Lethal Doses in Milligrams Per Gram or Body Weight 



P-AbKYL DERIVATIVES OF 
O-CIILOROPHENOL 

r-ALKYL DERIVATIVES OF 
| PHENOL (CHLORINE FREE) 

Phenol 


0.45 

o-Chloroplienol 

0.7 

1 

p-Alkyl Derivatives “ ~ 

Methyl 

1.5 

0.50 

Ethyl 

4.0 

1.0 

n-Propyi 

6.0 

2.0 

n-Butyl 

15.0 

3.0 

n-Amyl 

i 20.0 

5 0 

n-Hexyl 

>20.0 

6.0 

n-Heptvl 

1 >20.0 

10.0 


tAnd also in Fig. 1 of the paper dealing with bromophenol derivatives. 2 
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series the minimum lethal doses are almost Ihe same as found in the o-n-alkyl 
paraehlorophenol series studied previously; more particularly, enormously large 
doses of the higher homologs appear to be tolerated by the animal organism. 
Thus the remarks made in our previous paper as to a potential utility of some 
of these compounds for chemotherapeutic purposes apply as veil in the case 
of the series under consideration. 

Table VI gives also the minimum fatal doses of the compounds of the 
(chlorine-free) p-n-alkvl phenol series. Here, too, the toxicity decreases sharply 
with the increasing weight of the substituting group; i.e., as the germicidal 
potency increases the toxicity decreases. A comparison of the chlorine substi- 
tuted and the chlorine-free homologous series discloses that the introduction of 
the chlorine atom into the nucleus of a p-alkyl phenol is accompanied by a 
sharp drop of the toxicity (and, as indicated before, by a sharp increase in 
microbicidal potency). 


SUMMARY 

Continuing the studies on the bactericidal and fungicidal properties of 
halogen phenol derivatives, we investigated the homologous orthochlorophenol 
series with the aid of the same methods, and using the same test organisms as 
described in detail in our preceding paper. 

As in the paraehlorophenol series previously studied, so also in the ortho- 
chlorophenol series we found a number of compounds of a remarkable bac- 
tericidal and fungicidal potency. However, when compared with correspond- 
ing compounds of the paraehlorophenol series, the aliphatic and aromatic deriva- 
tives of orthochlorophenol are less effective microbicides than the correspond- 
ing compounds of the former scries. 

The division of the microorganisms into two classes, on the basis of their 
susceptibility to the selective, “quasi-specific” action of the higher homologs, 
as observed in the ease of the compounds of the paraehlorophenol scries, is ef- 
fected by certain orthochlorophenol derivatives as well. 

Ihe bacteriologic study of the homologous series of the halogen-free p-alkyl 
compounds of phenol was included in this work in order to ascertain the effect 
of the introduction of chlorine upon the microbicidal action. The demonstrated 
existence of the “quasi-specific” effect in this series of phenol derivatives (and 
also in other series discussed elsewhere) permits the conclusion that this effect 
is common to different classes of phenolic germicides. 

The toxicitj to mice of the compounds of the homologous orthochlorophenol 
seiies agrees a ery closely with that of the corresponding paraehlorophenol deriva- 
tives. Thus in the seiies unclci discussion, too, the increasing "weight of the 
substituting ladieal not onlj produces an increase in microbicidal potency 
(within definite limits) but also a decrease of toxicity. A comparison with th'c 
■chlorine-free p-alkyl phenol derivatives shows that the introduction of chlorine 
into the nucleus of p-alkyl phenols brings about a very decided drop in the 
toxicity. 


We acknowledge gratefully the valuable assistance rendered 
laboratory staff, in the bacteriologie part of this investigation. 


by Mr. A. Grawelir, of our 
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A STUDY OF UOUUIDIOIDES 1MMITIS* 


CoUNKLIA McDoNALD, A .11., MONTGOMERY, ADA. 


INTRODUCTION 

T 11B patient from whom the organism Corridioidrs i mm it in was isolated was admitted to 
the Veterans' Administration Hospital, Alexandria, La., Sept. 12, 30151 , with diagnosis 
of pulmonary tuberculosis. The tubercle bacilli had not been found. 

Beport of finding the organism Coccidioidia immitix was made Oct. 7, l!).'il. The patient 
was put on iodide treatments. Ten days later the routine sputum examination revealed 
15. tuberculosis, ns did succeeding examinations. When first seen by the writer, the lesion 
of coccidioidal granuloma involved a small area with a diameter of about 1.0 cm., in the 
pharynx. Three months later the major part of the buccal cavity was tilled with discharging 
sinuses. The patient was discharged from the hospital Jan. 15, 11)32, and died at his home 
Mar. 7, 1932. 

The patient had spent his entire life in Louisiana, except nine months’ World War 
service, four months of which was overseas service. lie had been a gas meter mender and bad 
suffered nasal and pharyngeal irritation from gases while at his work. In December, 1930, 
he had made some metal lamps from junk material and recalled the extreme irritation due to 
the dust from the buffing wheel. The initial lesion appeared about six weeks later. 

This statement is made because infection with this organism is rare, and in this 
country is confined almost exclusively to the San Joaquin Valley, California; also the factors 
in the onset of the disease have varied greatly. The only previous case report from the 
South was made by Lyncli> in 1920. 


GROWTH OX ARTIFICIAL MEDIA AND MICROSCOPIC FINDINGS 

The organism Coccidiocles immitis was first seen in this case in cultures and 
was found later in fresh and stained smears. The small lesion on the patient’s 
pharynx had been scraped and several hrotli' tubes inoculated. Within twenty- 
four hours a fluffy mass had formed which remained suspended in the clear 
medium for some time, but gradually it sank to the bottom of the tube. This 
mass was made up of a network of filaments” and spores. (Fig. 3.) 

Transfers were made from the culture tube to agar plates and carbohy- 
drate b roths. On the carbohydrate media the growth was rapid and abun- 


•Received for publication. January 22, 1934 
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daut, but no acid or gas formed. At the end of forty-eight hours slightly 
raised white colonies had formed on the agar plates, and later an occasional 
brown colony was noticed. In the colonies were found small .sporelike bodies 
which were gram-positive, nonacid and alcohol-fast. (Fig. o-A.) Growing from 
the colonies were filaments which were branched and septate and contained 



culture forms. ) An e "' Pt> s,>ht,ical capsule and mesli or mycelium. (From animal tissue anil 

p‘g 3ZBroth e ‘ C HvnT red SP ‘ ,C,iCal . fo,ms - (Vmm animal tissue.) 

Hypliae and conidia. 9 

Fig - . *1. — Agar. Mycelium. 

Fig. 5 -A. — Agar. Spore forms. 

(From animal tissue and 


culture formfr^ elIiptical double-contoured form and spore forms. 


bright, refractile vacuoles. (Fin- 4 ) a For, of + i 

fom-ori +n L,.„ t n r 1 , , . ’’ A l00 P 0:t tlie mycelium was trans- 

ed to bioth tubes and plain agar slants. In broth, characteristics were 

identical with former findings on this medium- on tl l A ? 

mecinnn, on the agar slants aerial 
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liyplmc developed after ii few days and grew rapidly into a cloudy white 
covering. Culturally and microscopically the organism showed all the char- 
acteristics first described in detail by Wolbaeh," 

Cultures from the human lesion were kept, growing for six months on 
ordinary laboratory media. Carbohydrate broths and Sabouraud’s agar gave 
the most, rapid and abundant, growths. In liquid media Hakes formed in the 
clear medium, or a grayish white, laeelike covering appeared on the surface; 
both forms slowly sank to the cot tom of the tube. As the cultures grew old, 
this sediment changed in color from tan to dark brown, llroth tubes, some 
containing the original material, others subcultures, were allowed to evapo- 
rate in the incubator. These, were transferred to the ice box for six weeks. 
Dextrose broth was added to the moist sediment and the tubes replaced in the 
incubator. The liquid changed from a dark brown to burgundy color within 
twenty-four hours, and a heavy network covered the surface. 

On solid media the growth usually appeared as seen in agar cultures; 
small, discrete, white colonies, from which aerial liyphac, or deep penetrating 
mycelium, or both. grew. The colonies which remained discrete grew 1o sev- 
eral times the original diameter, often appeared in concentric circles with 
wrinkled surface and varied in color from cream to dark brown. When grow- 
ing thickly, the small white colonies spread rapidly over the surface of the 
medium forming a creamy covering from which pure spore forms could be 
recovered. Aerial liyplmc were most abundant, though delayed in develop- 
ment when grown at room temperature. Conidia, usually arranged at the end 
of liyphac, were observed in old cultures. Chlamydospores within the hypliae, 
described by Ophuls, 3 were found occasionally. They bore a marked resem- 
balance to the spherical bodies recovered from the sputum and found in 
animal tissue. 

Rixford and Gilchrist. 4 first reported in this country the morphology of 
Coccidioidal immitis as it appears in the tissues, a double-contoured spherical 
structure, varying from 5 to 60 microns or more in diameter. The double life 
cycle, spherical forms in the animal body, mycelia in artificial media, and their 
transformation, have been described by several writers. With a modification 
of the method of MacNcal and Taylor, 5 we studied the transformation of spheri- 
cal bodies into mycelia. Fresh pus was taken from a lesion of the disease and 
suspended in broth. A loop of the suspension was placed on a flamed cover 
glass. A drop of agar was placed in a sterile hollow-ground slide. The cover 
glass was inverted over the well and sealed on the slide with paraffin. Several 
preparations were made, incubated, and examined daily. In some organisms no 
changes occurred, from others protoplasm flowed through the cell wall, branched 
and developed into a network of septate mycelium. As the culture grew old, 
the hypliae became clubbed, and spores formed, development previously observed 
iu plate cultures. 

ANIMAL EXPERIMENTATION 

It was known that Coccidioides immitis is pathogenic for rabbits, guinea 
pigs, and dogs. For the purpose of studying the organism in tissues and malt- 
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ing certain serologic examinations it was decided to reproduce the disease coc- 
cidioidal granuloma in experimental animals. 

Three guinea pigs were each given a 0.5 c.c. intravenous injection of a hilled 
mycelial growth of Coccidioidcs immifis , suspended in 0.85 per cent sodium 
chloride solution. The growth had been removed from an old agar culture in 
which aerial hyphae had grown so densely that the appearance was that of a 
light cotton covering. The guinea pigs were killed three weeks later. Patho- 
logic findings were small firm masses on the abdominal wall, pinpoint lesions 
on the liver, a lumbar vertebra lesion, miliary nodules on the lungs and 
spleen, and red and swollen testicles. In smears and cultures Coccidioidcs 
immiiis was found. 

Histologic sections were made from the spleen and testes of one of the 
guinea pigs. The coccidioidal bodies stained readily with methylene blue, liema- 
toxylin-eosin, iron-hematoxylin, and with Gram stain. These double-contoured 



A. 





bodies laiied greatly in size. No budding or mycelial growth occurred. Re- 
production takes place by the formation of small intracellular spore bodies, 
which may be capsulated within the parent cell. The spore bodies are liber- 
ated by bursting capsule and grow out directly, either outside, or often still 
within old capsule, into young spherical forms. 


An old agar culture of Coccidioidcs immifis from the patient’s lesion was 
used for intraperitoneal inoculation of two rabbits. The heavy white mold 
was removed from agar plates, washed, and centrifuged in 0.S5 per cent 
sodium chloride solution. The injection was made of 2.0 c.c. of the suspension 
of organisms, many rather elliptical forms, some round forms, and a few 
broken filaments. 

, , An alltlg . e " had b f n P re I»red for use in making complement fixation 
tests, precipitation and agglutination tests. The patient’s lesion w.as aspi- 
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rated and a loop of t he. pus examined for spherical forms. The exudate was 
allowed to drv and was extracted with alcohol and oilier. A jrriiyish white 
powder was recovered and dissolved in 0.H3 per cent sodium chloride, solution. 

Mixtures of the rabbit serum and the suspension were positive in precipi- 
tation tests in dilutions of from 1 -.2(1 to 1:240 and in dilutions from 1:20 to 




Fie. 7. — A, Cat lung:. There are large granulomatous areas showing several coccidioidal 
bodies. Low power. B, The same bodies photographed in A. In the upper right foreign body 
the inner wall has ruptured and sporulating forms are free in the outer sac. Just below is a 
small form in which the endospores are eccentrically placed in the inner wall. Farther below 
there is a large body which shows vacuoles and protoplasmic content in a double-contoured 
wall but no endospores. In the center of the field is a coccidioidal body, which is seen in detail 
in C. High dry power. C, Oil Immersion. The architecture of coccidioidal body near center of 
field Figs. A and B, spherical form, double-contoured a space between which does not stain a 
vacuolated protoplasmic sac containing sporulating bodies. 


1:320. The serums were negative for complement fixation tests and aggluti- 
nation tests. With similar methods Davis, 0 who experimented with patient’s 
serum, obtained positive complement fixation reactions. Davis and also Cooke 7 
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had negative results with agglutination tests and positive results with pre- 
cipitation tests. 

After the second week, the rabbits rapidly lost weight and were killed 
at the end of the third week. One was examined. Nodules appeared on the 
peritoneal surface and about the intestines. Pearly nodules appeared on the 
liver; the spleen ruptured. Several of the pearly structures were removed 
from the liver, crashed between glass slides, moistened with 10 per cent sodium 
hydroxide and examined. The double-contoured bodies of Coccidioides im- 
mitis were found. In stained smear and cultures, the forms previously de- 
scribed were observed. Photographs and descriptions of the coccidioidal bodies 
in histologic sections from the rabbit’s spleen are seen in Figs. GA and 6B. 

A very large house eat was given a 3 c.e. intraperitoneal injection from 
the same suspension from which the rabbit had been inoculated. Two weeks 
later nasal discharges were noticed. The serum was positive in precipitation 
tests in dilutions of from 1 :20 to 1 :S0. The cat was killed at the end of three 
weeks. The lungs showed miliary lesions. The spleen ruptured. In smears 
from the lungs the highly refractile bodies and endosporulating forms of 
Coccidioides immitis were found. Histologic sections of the lungs were photo- 
graphed. The photographs, also descriptions, of the coccidioidal bodies under 
different magnifications are seen in Figs. 7A, 7B, and 7C. 

The experimental animals used in the work were fully grown, healthy 
males. "Within two weeks after inoculation with the Coccidioides immitis or- 
ganisms a change in physical condition could be noticed, and this change was 
pronounced by the end of the third week. Loss of weight, loss in strength, 
roughness and loss of hair were characteristic. The guinea pigs became highly 
nervous ; the rabbits and cat were sluggish and indifferent. 


SUMMARY 


1. Coccidioides immitis is a fungus which has a double life cycle. It re- 
produces by mycelium in cultures and by endogenous spore formation in 
tissues. 


2. Coccidioides immitis is the cause of a definite infectious disease, coc- 
cidioidal granuloma, in man. 

3. The disease can be reproduced in the guinea pig, rabbit, and cat by in- 
travenous and intrapeiitoneal injections of Coccidioides immitis organisms. 

4. Hie serum of animals in which coccidioidal granuloma has been repro- 
duced gave positive reactions in precipitation tests, negative reactions in the 
complement fixation and agglutination tests. 

5. The organisms of Coccidioides immitis are found in pus, sputum, tissues 
of infected animals and can be recovered by culture and animal inoculation. 


Wlnle the major part of this work was done after work hours, I wish to express appreci- 
atrou for encouragement received from Dr. L. A. Walker, clinical director, who suggested 
that I write this report for publication; and Dr. J. B. Latta, pathologist, who made the ex- 
cellent drawings of forms of Cocciclioicles immitis recovered from cultures. 
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OBSERVATIONS ON T11E GONOCOCCJDAL ACTION OP 
MALLOPIIENE IN URINE 0 


Russell D. IIerroli), Chicago, III. 


I T IS well known that the bactericidal action oi' antiseptics in urine does 
not parallel the action in water at the same dilution. As a rule a greater 
concentration is needed in urine than in water to obtain the same bactericidal 
action. Therefore, preference should be given to urines as a medium for 
dilution of the antiseptic for bactericidal tests when the antiseptic is pro- 
posed for clinical use in the treatment of infections of the urinary tract. 

Gonococci are killed quickly in highly acid or highly alkaline urines. 
Therefore, when observations are not made near neutrality, careful controls 
should be made of the urine without the addition of antiseptics. 

It may be seen from Table I that gonococci were killed in twenty minutes 
in dilution of 1-2,000 and 1-3,000 of mallophene in urine in all hydrogen ion 
concentrations from 4.9 to 7.0. In this observation the hydrogen ion readings 
were made before the urine was sterilized by boiling so that the actual hydro- 
gen ion concentration in the test solutions were somewhat higher than re- 
corded in Table I. A four-plus growth was obtained in the control of urine 
6 whereas there was no growth in this urine containing the mallophene 
solutions. 

Table II demonstrates that mallophene in a dilution of 1-4,000 did not 
kill the gonococci in twenty minutes in urines near the neutral point, but 
there was no growth after twenty minutes in the more acid urines containing 
mallophene. At least part of the bactei'icidal action in the urines with a high 
hydrogen ion concentration should be attributed to acidity so that it would 
seem that mallophene in a dilxxtion of 1-3,000 is necessary to kill gonococci 
within twenty minutes near neutrality. 


•Received for publication June 29, 1934. 
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Urines do not seem to have a distinct bactericidal action between pH 6.4 
and 7.0. Below 5.4 all urines exhibit some bactericidal action to the gonococ- 
cus, but between 5.4 and 6.4 all urines are not equally bactericidal in piopoi- 
tion to acidity, and it is apparent that there are other factors in individual 
instances that influence bactericidal action in addition to aciditj. 


TABLE l 


Gonououcidal Test or Mam.oi'jiese Added to Urine* 


DILUTION Or MALLOPHENE 

URINE 1 
pH 4.9 

urine 2 
pH .">.4 

URINE 3 
pH r>.7 

URINE 4 
pH 5.8 

UK INK f> 

1 j>n 0.2 

URINE <5 
pH 7 

1-2,000 

0.5 e.e. 1-100 Mallophene and 9.5 


0 

(1 

0 

0 

0 

e.e. Urine 

1-3,000 

0..j e.e. 1-150 Mallophene and 0..' 

l 0 

0 

0 

0 

1 

0 

0 

, 

1 0 

c.c. Urine 

Control 

(Urines Without Mallophene) 

1 + 

1 

2+ 

12+ 

! 

12+ 

3+ 1 

| 4+ 


•Subcultures to solid mediums from various urines 20 minutes after addition of ponococcus 
suspension in urine 6. 


Table II 


Mallophene 1-4,000 Added to Boiled Urine and Gonouoitid.h. Tests -Made 


SPECIMEN 

pH or BOILED 

GROWTH AFTER SUBCULTURES j 

1 pH or FRESH 

SPECIMEN 

5 MIN. 

20 MIN. 

I SPECIMEN 

i 

5.0 

0 

0 

4.9 

2 

5.7 

i+ 

0 

3.1 

3 

0.1 

i 0 

0 

5.7 

4 i 

t;.d 

3 + 

0 

i> »► 

(>..» 

3 1 

G.S 

O. 

— T 

1+ 

0.5 

6 

7.6 

4+ 1 

3+ 

c.s 

7 

T.S 

4+ ; 

3+ 

0 8 

Control Urine With- 
out Mallophene 5 

(5.S 

4+ 

4+ 

0.5 


Table III 

Gonococcidal Test With Mallophene Excreted in- Urine or Patient With Normal 
Urinary Tract: Subcultures 25 Minutes A iter Gonococci Were Added* 


SPECIMEN 

PH 

GROWTH AFTER 
SUBCULTURE 

1 Before Mallophene (Control) 

5.4 

0 

1A 1 hr. After Two Mallophene 

5.4 

0 

Tablets 



IB 2 hr. After Mallophene 

5.(5 

0 

1C 2 hr. 40 min. After Mallophene 

0.0 

2+ 

ID 3 hr. 10 min. After Mallophene 

7.0 j 

3+ 

2 Control 

3 2 

0 

3 Control 

5.0 

3+ 

4 Control 

07 

4+ 


voided. 


r\»„ - in. me nme control specimen x wa» 

One drani of sodium bicarbonate was gJven the patient after specimen IB was voided. 


An experiment was made to determine the antiseptic action of urine after 
the oral administration of malloplienc and at various hydrogen ion concen- 
trations. It may bo noted in Table III that acidit 3 r alone killed the gonococci 
at a pH of 5.4 and below while there was growth in the presence of mallophene 
at a pH of 6.0 and above. 
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Taiii.e IV 


Hactericwai. Tests With Kxcukteh M AKi.oriir.Nr. Chines in Patients With Oonoiihiiea 




MJUATION 
AFTF.U VOW- 
ING UNTIL 
INOCULA- 
TION 

KESUI.TS l 

IIUIIATION 
AETEU VOID- 

1X0 UNTIE 
lNoem.A- 
'rtox 

KESUI.TS 

PUKATION 

AFTF.U. VOID- 
ING UNTIL 

INOCULA- 

TION 

KFKULTH 

1 


10 mill. 

5 colonics 

42 min. 

0 


■ 

o 

E ’ 

20 min. 

.10 colonics 

30 min. 

30 colonics 

1 hr. 

2 colonics 

3 

| G.G 

0 

30 colonics 

1 hr. 

23 colonics 




Table IV illustrates the results by culture of the inoculation of shreds of 
the urine at various intervals. These patients had active gonococcus infec- 
tions, and mallophcne was administered by mouth. It. is possible that, gono- 
cocci in shreds are more protected from antiseptic action since in one instance 
there was moderate growth after thirty minutes with a hydrogen ion con- 
centration of 5.2. 

While the above experiment does not. indicate a high germicidal action 
of excreted mallophcne in urine, clinically, in some instances of posterior 
infection, there was clearing of the second urine prompt enough following 
the administration of mallophcne to indicate that, there is favorable action 
in posterior gonococcus urethritis, particularly during the course of disease 
when anteroposterior irrigations are not likely to be well tolerated. How- 
ever, the excretion of antiseptics is less likely to be followed by complications 
during this stage of the disease than retrograde irrigations through the ure- 
thra. It is possible that benefit from the antiseptic excreted in the urine may 
be partially due to cellular stimulation since the dye type of antiseptics is 
said to have increased permeability. 
















THE EFFECT OF ALPHA DINITROPHENOL (1-2-4) OH BLOOD 
CHOLESTEROL IN MAN* 


Luther F. Grant, M.D., and Purcell G. Soiiube, M.D., Boston, Mass. 


A LPHA ainitrophenol (1-2-4) is a crystalline solid. It is slightly soluble in 
t water, and more so in ether or alcohol. In ethylene or propylene glycol 
it will make a 2 per cent solution, and when dissolved in water to which one- 
half its weight of sodium bicarbonate has been added, it makes a 3 per cent 
solution. It lias a yellow brown color at a Ph of about 8.1 and becomes colorless 
at a P H of about 2.5. It has a melting point of 114° C. 

SURVEY OP LITERATURE 

In 1916 Barral and Martin 1 reported that when alpha dinitrophenol was 
inhaled in the form of a vapor or dust there frequently resulted headache, dizzi- 
ness, vomiting, fever, and occasionally death. In 1917 Lutz and Baiinte 9 ’* 
studied the toxicology of the drug and its distribution in the organs and tissues. 
In 1918 Warthen 4 and Merklen and MalloizeP and in 1919 Qnignard® reported 
additional studies upon this chemical substance. Interest in alpha dinitro- 
phenol then lagged somewhat until 1931 when Magne, Mayer and Plantefol 7 
published their studies which were closely followed by those of Cutting and 
Tainter 8 in 1932. Since then Magne, Mayer and their collaborators' 1 and 
Cutting and Tainter 10 have published a number of interesting papers upon 
this substance. 

In none of these studies has the effect, of alpha dinitrophenol on blood 
cholesterol been reported. Inasmuch as this latter substance is of some im- 
portance in metabolism, it was felt that such a study- was justified. 

PHYSIOLOGIC PROPERTIES 

The physiologic properties of alpha dinitrophenol can be enumerated as 
follows : 

1. Alpha dinitrophenol, when given to pigeons, rabbits, rats, cats, dogs, 
and men, in doses ranging between 3 and 40 mg. per kilogram of body weight, 
by any route, produces a remarkable increase in body temperature, up to 6° 
or 7° C., in conjunction with marked respiratory stimulation. 

2. The maximum febrile response occurs about one hour after injection or 
several hours after oral administration. 

3. The increased temperature can occur independently of the skeletal mus- 
cles or central nervous system. 

•From the Psychiatric Clinic. Boston State Hospital. 

Received for publication, January 17. 1934. 
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GUANT-SCllUllH : 

4. The temperature is not influenced by lull doses of ergot amine, adre- 
nalectomy or thyroidectomy. 

5. The respiratory stimulation may occur independently of the pyrexia. 

(i. The pulse rate is increased. 

7. The blood pressure shows no consistent change. 

8. The nitrogen excretion is less than the nitrogen intake. 

9. The organic acid excretion is not increased. 

10. The weight is decreased. 

11. The metabolic rate is increased as much as from 25 to 50 per cent. 

12. Recovery, if the dose is not fatal, requires four or more hours. 

13. Death may occur as a result, of direct circulatory depression, hyper- 
pyrexia, acidosis or anoxemia, dependent on the dose, rate of injection, etc., 
of drug. 

METHOD 

Fourteen patients were selected at random from a relatively large group 
for the study. Of these one had to be dropped because of uncooperativeness. 
Blood cholesterol estimations were obtained on each of the patients once a 
week for a period of three weeks before the administration of the drug. In this 
manner a fairly satisfactory cross-section of the existing blood cholesterol and 
its variations in each of the patients was obtained. The greatest range was 
30 mg. per 100 c.c. This greatest, range of variation of cholesterol was used 
in each case of this group as the “normal” variation for that individual. It 
was felt that the greatest variation and not the average variation should be 
used in order to eliminate the existence in our results of individual false posi- 
tive findings. 

The patients were given alpha dinitroplienol, gr. 5, by mouth, daily, for 
a period of twenty daj r s. The weight and blood cholesterol estimations of 
these individuals were obtained before, during, and after the administration 
of the chemical compound. The method of estimation of blood cholesterol 
was that devised by Schube. 11 The results obtained were compiled in Tables 
I and II. 

RESULTS 

In this group of eases used for study the only physical pathology clinically 
observed was valvular heart disease (Case 6) and syphilis (Case 11). From a 
study of the data obtained it was felt that this pathology did not alter the value 
of the results. The age range of the eases was fairly extensive (from twenty- 
two to fifty-nine years) but this, too, did not seem to affect the results in any 
significant manner. The weight of each of the individuals in this series was 
considered to be within normal limits for that subject at the beginning of the 
study. After the administration of the alpha dinitroplienol in three subjects 
(Cases 10, 11, 14), there were definite gains of 5, 12, and 7 pounds, respec- 
tively. The largest definite loss of weight was 4 pounds in each of the two 
subjects (Cases 5, 8). In the remainder of the eases, although the weight 
fluctuated in some instances, it remained essentially at its original level (Table 
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1). Those observations are opposed to other reports upon the effect of alpha 
dinitrophenol upon body •weight. 

The blood cholesterol in each of these cases, irrespective of alterations in 
the weight, showed a deviation from normal. This deviation was usually in a 
positive direction. The range of this deviation was not. the same for all cases. 
In some the blood cholesterol, after a preliminary rise, dropped below “nor- 
mal” before stabilizing itself within its original range (Table I). 

The blood cholesterol values during the administration of alpha dinitro- 
phenol are compared with the average normal blood cholesterol values in Table 
II. The largest positive change was 155 mg. and the smallest 13 mg. Of the 
group, four showed an increase in blood cholesterol of 100 mg. or more; seven 
had values of from 33 to 100 mg. ; and two had values of 33 mg. or less. The larg- 
est rise occurred on the Hi's ( day in five cases, on the third day in four cases, and 
on the thirteenth day in three cases. The largest negative change was -82 mg. 

Taih-e II 

~~ " ~ ~ ’ am — mo. ver 100 c.c. 

AVERAGE 
1A. 

20 139 40 

G 129 -24 

13 a 32 

20 150 58 

20 101 CG 

0 324 -38 

13 112 15 

20 127 21 

20 347 55 

33 149 5G 

G 300 20 

20 353 23 

G 124 -14 

and the smallest was -3 mg. Of these negative changes, three were -50 mg. 
or more ; two were from -25 to -50 mg. ; two were from -15 to -25 mg. ; and 
three were from 0 to -15 mg. The largest negative values occurred on the 
sixth day in four cases, on the thirteenth day in one case, and on the twentieth 
day in five cases. Thus in most of the eases, there is an initial elevation of 
blood cholesterol, then a drop to below the original level followed by a gradual 
return to “normal.” 

The largest average positive change was 66 mg. and the largest average 
' negative change was -38 mg. There were ten cases with positive average 
values which ranged from 15 to 66 mg., four of which were 50 mg. or more, 
one between 40 and 50 mg., one between 30 and 40 mg., and four between 20 and 
30 mg. There were three cases with negative average values, -14 mg., -24 
mg., and -38 mg. 

From a study of these figures and Tables I and II it can be stated that 
the blood cholesterol is altered during the administration of alpha dinitro- 
phenol. We are unable to correlate or explain this alteration. Further studies 
are being conducted in an attempt to do these tilings. 


DIFFER- 
ENCE OF 
AVERAGE 


AVERAGE 

NORMAL 

CHOLES- 

TEROL 


BLOOD CHOLESTEROL DURING ALPHA I)INITROI*HE> 


LOWEST VALUE 
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SUMMARY' 

Alpha dinitrophenol ivas administered by mouth to 33 adult men of nor- 
mal weight. The weight and blood cholesterol values of these individuals 
were studied and presented. 

Note: No cutaneous lesions or toxic symptoms were observed. 
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UROBIL1NURIA — FALSE EHRLICH REACTION CAUSED BY 
BY lllD HIM MEDICATION* 


J. Watts Farthing. M.D., and James S. P. Beck. M.D., Pnit<AnEtd’iiiA. Pa. 


R ECENTLY it was demonstrated by one of ns in a patient receiving py- 
ridinm (Phenylazo-2-B-diainino-pyridinc monohydrocliloride — Merck and 
Co.) by mouth that, this drug causes a false positive urobilinuria reaction when 
tested with Ehrlich’s reagent (paradimcthylaininobenzaldchyde). The fact, 
that the dilution units were much above the highest reported pathologic uro- 
bilin findings prompted an investigation of the probable cause of this result. 
When pyridium was dissolved in water and tested with the acid solution of 
Ehrlich’s reagent, it was found to yield the characteristic red color of urobilin. 

Aqueous and urobilin-free urine solutions of pyridium were tested in 
varying dilutions with Ehrlich’s reagent. It was possible to detect a color 
change that would have been called “positive” in dilutions of either solution 
up to 1 part in 75,000. Goerncr and Haley 1 have shown that the concentra- 
tion of pyridium in the urine of a patient receiving 0.6 gm. by mouth daily 
is upward of 1 part in 3,000. The addition of IICl in the same concentration 
as is used in Ehrlich’s reagent (1 part concentrated to 2 parts water) 
caused the urine or water solution of the dye to assume the characteristic 
color change. The change in color on testing with Ehrlich’s reagent, then, 
is due merely to the change in P H of the solution of the aniline dye, pyridium. 
Alkalinization of the solutions eauses the color to change to yellow, with the 
formation of a crystalline precipitate. On microscopic examination this pre- 
cipitate is seen to be composed of needlelike crystals. 

L. D. Scott 2 recently proposed a modification of the Ehrlich test, which 
lie claims will not give false positive reactions due to drugs excreted by the 
kidneys. He recommends the use of butyl alcohol to extract the coloration 
caused by the reaction between urobilin or urobilinogen and Ehrlich’s reagent. 
He states, “A measured amount of urine is treated with an appropriate 
amount of a specially prepared solution of paradimethylaminohenzaldehyde. 
After being allowed to stand for a given time, the mixture is heated under 
standard conditions iu a boiling water-bath for a short period, and after cool- 
ing the coloration so produced is extracted with amyl or butyl alcohol. This 
extract ed red coloration, which is practically free from foreign material and 

delphil The WilUam Pepper Laborator > r Clinical Medicine, University of Pennsylvania, Phila- 
Recelved for publication. January 5, 1934. 



62 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


other interfering colors, is then compared in the coloi'imeter against a stand- 
ard ferric thiocyanate solution almost identical with that employed by van den 
Bergh for the estimation of bilirubin in blood.” Aqueous and urine solutions 
of pyridiiun were subjected to the test as he specified. The dye itself is extract- 
able with butyl alcohol and consequently will give the same characteristic 
red color in the extract. That the color is due entirely to the acid was made 
apparent here also by the substitution of HC1 for the Ehrlich’s reagent. 

When tested with Sclilessinger’s urobilin reagent, pyridium did not give 
a positive reaction. 

The fact that the pyridium on excretion via the genitourinary tract is 
not chemically identical with the compound as ingested was ignored in our 
laboratory experiments. We first showed that the excreted product did give a 
positive reaction. Also, Goerner and Halev 1 demonstrated that by colorimetric 
comparison the ratio of the pure drag to the excretant is 30:33.5. The color 
reaction is the only thing of interest here, and the two substances are almost 
identical in that respect. 

Urines which were shown to contain urobilin by both Ehrlich’s and 
Schlessinger’s tests were treated with HC1 alone, and the color change did 
not occur. It is, therefore, quite easy to detect this drug reaction by the ad- 
dition of HC1. We have made it routine that all urines which come to our 
laboratory and are shown to contain urobilin by Ehrlich’s test be tested for 
color changes on the addition of HC1 alone. 

SUMMARY 

The laboratory report of unusually high concentration of urobilin in a 
patient’s urine led to the discovery that pyridium excreted in the urine gives 
a positive reaction with Ehrlich’s reagent. 

This positive reaction, a red or pink color, was found to be present in dilu- 
tions of the drug well above that in which it is commonly excreted in the 
urine. 

The pink color was shown to be due entirely to the acid in the solution of 
Ehrlich’s reagent. 

Scott's modification of the test failed to remove this false reaction, in that 
the dye itself is extractable in butyl alcohol. 

Schlessinger’s test for urobilin does not give a positive reaction with py- 
ridium. 

This false reaction may be detected by treating all urines which are posi- 
tive to Ehrlich’s test with HC1 alone. A pink or red color with acid indicates 
the presence of the dye. Discontinuing the pyridium for three or four days 3 
is apparently the only means of obtaining a true test for urobilin with the 
Ehrlich reagent. 
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LABORATORY METHODS 


A COMPARATIVE STUDY OP THE KELLY TEST AND THE FRIEDMAN 
MODIFICATION OF THE ZONDEK- ASCII1IEIM TEST 
FOR PREGNANCY® 


II. R. IIulweu, Pxi.D., J. II. Weatiierby, Ph.D., and C. G. Culbertson, M.D., 

Indianapolis, Ind. 


INTRODUCTION 

T HE influence of the anterior pituitary hormone on the immature ovary and 
the application of this influence in the diagnosis of pregnancy has been de- 
scribed by Zondek and Aschlicim. 1 Since the publication of their paper a 
number of modifications of their technic as well as several other tests have been 
described in the literature. Among the latter, that of Kelly 2 is one of the more 
recent. This test depends upon the fact that urine from pregnant women 
will cause the premature opening of the vaginal orifice of immature rats, where- 
as, normally the vaginal orifice remains closed until sexual matimty is reached. 
In view of the fact that the test as described by Kelly suggested several possible 
advantages as compared with the Friedman 3 modification of the Zondek-Asch- 
heim test it seemed desirable to make a comparative study of the two tests under 
similar conditions. 

METHODS 

The technic followed in the test in which rats were used was basically the 
same as that proposed by Kelly; but, instead of giving two 5 c.c. injections, one 
in the morning and one in the afternoon of the same day, it was found satisfac- 
tory to give one 2% c.c. injection on each of two successive days. The final 
examination of the rats was made at the end of ninety-six hours. This modifica- 
tion was tested in a number of preliminary experiments and found satisfactory. 
The urine was made neutral to litmus, filtered, and warmed approximately to 
body temperature before the intraperitoneal injections were made. Catheterized 
specimens were used in most instances. The technic used in the Friedman test 
consisted of the intravenous injection into rabbits of from 10 to 15 c.c. of neutral- 
ized urine on each of two successive days. The rabbits were lulled forty-eight 
hours after the first injection and the ovaries examined. Both tests were made 

•From the Department of Pharmacology and Central Laboratories, Indiana Universitv 
School ot Medicine and Hospitals. ' 
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on the same specimen, but were made independently of each oilier so that the 
results of one test could not influence the decision on the other test. The results 
of both tests were later compared with the final diagnoses as recorded in the 
hospital records. 

RESULTS 

The results obtained from the comparative study of the two pregnancy tests 
are shown in Table I. A total of 59 cases were studied. According to subse- 
quent histories as shown in the hospital records, there were 19 cases of pregnancy 
and 40 cases in which there was no pregnancy. It will be seen in Table I 
that the Friedman test showed 20 positives, whereas the Ivelly test showed 21 
positives. The error in the Friedman lest was found to be due to the retention 
of at least part of the placenta after an abortion, which is known to give a 
positive result. One of the two errors in the Kelly test was made on the same 
specimen which gave the error in the Friedman test and is subject to the same 
explanation. The other error occurred in a ease in which the patient was suf- 
fering from an ovarian cyst. The Friedman test on this same specimen was 
negative. It is generally accepted that the Friedman test depends upon the 
presence in pregnancy urine of anterior pituitary hormone (anterior pituitary- 
like hormone. Collip, et al. 1 )- The Kelly test, however, is apparently due directly 
to the increased secretion of the female sex hormone by the rat as a result of 
the stimulation of its ovaries by the anterior pituitary hormone found in preg- 
nancy urine. Also, it is well known that the injection into an immature rat of 
female sex hormone alone will cause the premature opening of the vaginal orifice. 


Table I 

Comparison of Results Obtained From tiif. Two Laboratory Tests With the 
Clinical Findings in 5!) Cases 


FRIEDMAN 

KELLY 

clinical 

TEST 

TEST 

FINDINGS 

Positive 20* 

21* 

19 

Negative 3S 

29 

40 

Animals died; test not repeated 1 

9 


Totals 50 

59 

59 

♦See text. 


In certain pathologic conditions of nonpregnant women sufficient female sex 
hormone may be excreted in the urine to produce a premature opening of the 
vaginal orifice in the rat, and thus give a false positive in the Kelly test. Per- 
haps the second error in the Kelly test was the result of increased secretion by 
the cystic ovaries so that sufficiently large quantities of the female sex hormone 
were excreted to bring about the changes observed. The absence of abnormally 
large amounts of anterior pituitary hormone resulted in a negative Friedman 
test. However, there were several other cases of ovarian cyst in which negative 
results were obtained with the Kelly test. Perhaps in these latter cases the cysts 
were not of the type which cause an increased secretion of the female sex hor- 
mone. The 38 negative results from the Friedman test were correct, and one 


UUlilMiai KT All.: 


TKSTS KOI! I’HKCNAM’V 
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experimental animal died in a test, which was not repeated. The 2!) negative 
results from the Kelly test, were correct, and nine pairs of rats died in tests 
which were not repeated. 


The earliest pregnancy to give a positive test, was one in which the last 
menstrual period began approximately one month before t bo test was made. 
Another case gave positive, results approximately six weeks after the onset, of the 
last menstrual period. There were several eases of pregnancies of two months’ 
duration, and various others ranging up to seven months’ duration. 


In connection with the Friedman test if was observed in three eases that 
rabbits which were probably too young gave false negative results; positive 
results were obtained upon repetition of the test, with older animals. In each of 
these cases the rabbit was of a rather large strain developed for meat, purposes, 
and was as large as rabbits considerably older but of a smaller strain. It is 
quite probable that these young rabbits would show positive results from preg- 
nancy urine provided sufficient time was allowed — more than 4S hours. It seems 
evident that, fully mature animals will give a positive reaction in much less 
time than is required for younger animals, and for that reason arc preferable. 
In all cases in which animals were used which were known to be mature’ the 
results agreed with the clinical findings. 

In one case which had been previously diagnosed as hydatidiform mole 
both the Friedman and flic Kelly tests gave negative results, which were con- 
trary to those expected. However, upon reexamination it was found that the 
mole had sloughed, which fact accounts for the results obtained. 

The Kelly test lias several advantages when compared with tlic Friedman 
test, as pointed out by Kelly. 2 They are: case of handling the animals, economy 
in purchasing or raising rats as compared with rabbits, and the fact that it is 
unnecessary to kill or operate on the test animals to observe the results. How- 
ever, the authors found the following disadvantages : approximately double the 
time is required, certain pathologic conditions in which an abnormally large 
amount of female sex hormone is excreted in the urine may give false positive 
results, and, unless adequate steps are taken to prevent it, the mortality rate 
among rats is likely to lie high as a result of the intrapcritoncal injections. 


CONCLUSIONS 

1. The Kelly test for pregnancy was found to compare favorably in ac- 
curacy with the Friedman modification of the Zondek- Aschheim test in' a series 
of 59 cases, the results having been cheeked against the clinical findings in each 
case. 

2. It appears probable that certain pathologic conditions affecting the ovaries 
directly may give a false positive reaction in the Kelly test, whereas the Fried- 
man test will he negative under the same conditions. 

3. Since the injections of urine in the Kelly test are made intraperitoneally, 
contaminated specimens are more apt to kill the experimental animals than is 
usually true when the injections are made intravenously, as in the Friedman 
test. 
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4. The Kelly test was found to offer no important advantage over the Fried- 
man test except in the lower cost, and the greater ease of handling the smaller 
animals. 
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A MICROMETHOD FOR THE ESTIMATION OF HEMOGLOBIN* 


Modification of the Benzidine Reaction 


T. V. Letonoff, M.S., Philadelphia, Pa. 


T HE blue color obtained when benzidine, acetic acid, and hydrogen peroxide 
are added to hemoglobin may be used as a measure of its concentration. 
On the basis of this reaction a microcolorimetric hemoglobin method has been 
devised. While this work was in progress, the method of Bing and Baker 1 
appeared, which was a modification of a less desirable method of Wu. 2 These 
authors did not. attempt to standardize the blue color but used the port wine 
color obtained on standing in the presence of rather strong acetic acid. 

The present paper reports briefly the conditions under which the blue 
color may be used as a quantitative measure of hemoglobin. The method 
lias certain advantages for with a very simple benzidine purification 
a preparation is obtained which gives straight line proportionality between 
color development and hemoglobin concentration. This proportionality was 
not obtained originally with the Bing and Baker method but Bing 3 has ap- 
parently corrected this by further purification. Also a permanent artificial 
standard is described which should aid in routine estimations where it is not 
convenient to do oxygen capacities for a standard hemoglobin solution. The 
time for color development is decreased to thirty-five minutes. 

solutions 

Benzidine. Purification: Add 5 gm. of a good grade benzidine base to 
1 liter of water in a 2 liter beaker and cover with a watch glass. Dissolve 
by boiling for a short period. Add 2 or 3 gm. of carbon black (Norit) and 
boil for ten minutes. Filter while hot through two layers of filter paper, 
taking care that all the carbon is removed. Cool in ice water or allow to 
remain overnight in the ice box. Filter the solution through a Buchner 
funnel and diy in a desiccator kept in the dark. Preserve the dry benzidine 
in a brown bottle. 

eral H^pStel. 4 * 16 Laboratorles of the Division of Metabolic Diseases of tlie Philadelphia Gen- 
Received for publication. January 17, 1934. 
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Solution, 0.02 per cent: Weigh 0.100 gin. of the powdered benzidine on 
an accurate balance. Transfer to a 1 liter beaker, add 500 e.e. water and 
cover with a watch glass. Dissolve by boiling for a very few minutes. Cool 
and dilute to 500 e.e. in a volumetric llaslc. Filter and preserve in a brown 
bottle. It is stable for at least two months. 

Acetic acid, 0.25 per cent: Prepare 1 per cent acetic acid by pipetting 
accurately 1 c.c. of glacial acetic acid into a 100 e.e. volumetric flask and 
diluting to mark. If there is any doubt about the strength of flic glacial 
acetic acid, check the 1 per cent solution by titration (10 c.c. of acid re- 
quires 10.67 c.c. of N/10 NaOlI, using phcnolphthalein as indicator). 

Prepare 0.25 per cent acetic acid as needed by accurately diluting 1 volume 
of the 1 per cent acetic acid with three volumes of water. (The 0.25 per cent 
acetic acid does not keep well because of mold growth.) 

Hydrogen peroxide, 1 per cent: Accurately pipette 1 c.c. of 30 per cent 
hydrogen peroxide into a 50 c.c. graduated cylinder. Dilute accurately to 
30 c.c. This may be preserved, in an electric icc box for a month, providing 
it is exposed only while being used. The 30 per cent hydrogen peroxide 
should be checked occasionally by titrating the 1 per cent solution with 
permanganate. (To a flask add 2 e.e. of 1 per cent hydrogen peroxide, about 
10 c.c. of water, and 10 c.c. of 10 per cent sulphuric acid. Titrate to first 
pink color with N/10 KMn0 4 . Per cent hydrogen peroxide — T x 0.085, where 
T equals c.c. permanganate titration.) Correct if not 1 per cent. 

It is important that the three solutions above be accurately made as a mod- 
erate variation in their strength appreciably affects the color development. The 
distilled water should be free of ammonium salts, sulphates, and chlorides, and 
if not should be redistilled. 

Artificial Standard. — -Ferric ammonium sulphate, 1 per cent: Weigh ac- 
curately 1 gm. of clean, clear crystals of the salt. Dissolve in water and dilute 
to 100 c.c. in a volumetric flask. 

Potassium fcrrocyanide, 1 per cent: Prepare accurately in same manner 
as the ferric ammonium sulphate. 

Gum ghatti, 1 per cent : Add 1 gm. to 100 c.c. of warm water and allow 
to dissolve overnight. Filter through 2 or 3 layers of gauze. 

To a 500 c.c. volumetric flask add exactly 6.5 c.c. of the 1 per cent potas- 
sium ferrocyanide solution. Dilute with water to about 450 c.c. Add 5 c.c. 
of the 1 per cent gum ghatti solution. Add exactly 10 c.c. of the 1 per cent 
ferric ammonium sulphate solution. Dilute to mark and mix. Allow to stand 
forty-eight hours before using. This solution is kept in the ice box. It is very 
stable and solutions over one year old have maintained their original color 
concentration. Under conditions of repeated experiments in our laboratory 
this solution is equivalent to the color produced by a concentration of 10 gm. 
of hemoglobin per 100 c.c. of blood when analyzed by the method proposed. 
One may check the strength of the artificial standard by doing oxygen 
capacities on blood. If necessary to modify the strength of the standard 
do so by adding more or less water while keeping the other constituents as 
directed. 
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METHOD 

Prepare a 1 to 1 .000 dilution of blood. This may be accomplished in any 
way suitable to conditions. Using' the ordinary hemoglobin pipette (carefully 
calibrated), deliver 0.02 e.c. into exactly 20 c.c. of water. From an ordinary 
red blood cell counting pipette which dilutes 1-200A 0.2 c.c. is added to 0.8 c.c. 
of water in a test tube. If only a small amount of blood is available, a special 
capillary pipette may be prepared to deliver 1 c.mm. of blood directly into 
1 e.c. of water in the test tube. For larger amounts of blood the Folin micro 
sugar pipette, calibrated for 0.1 c.c. is convenient, diluting to 100 c.c. 

Transfer 1 c.c. of the 1-1.000 dilution to a clean dry test tube. (A 50 per 
cent solution of acetic acid is convenient to wash previously used tubes.) 
Add 15 c.c. of the 0.02 per cent benzidine solution. Add 3 c.c. of the 0.25 per 
cent, acetic acid. Add 1 c.c. of the 1 per cent hydrogen peroxide. Mix by inver- 
sion and place in a beaker of ice water containing plenty of ice. Allow to 
remain from thirty-five to forty minutes. Do not remove tube until ready 
to read. Place some of the solution in the left colorimeter cup and read the 
artificial standard in the right cup. It is important that the colorimeter cups 
and plungers are very clean. Wash with 10 per cent acetic acid, then dis- 
tilled water and finally the solutions to be read. 

Calculation : 

X = gm. Ill), per 100 e.c. of blood. 

S = Tending of standard. 

When unknown is set at 10 mm. 

X = S. 


EXPERIMENTAL 


The usual experiments of varying the amounts and concentrations of the 
three principal reagents, benzidine, acetic acid, and hydrogen peroxide, were 
made. Too strong benzidine caused a precipitate to form while weaker solu- 
tions gave less intensity of color. If stronger acetic acid was used, the color 
intensity was less while with weaker acid the color was more unstable. One 
per cent hydrogen peroxide gave the maximum color. With both stronger and 
weaker solutions the color developed was less. 

Bloods were prepared with concentrations of hemoglobin varying from 
4 gm. to 20 gm. per 100 c.c. and the proportionality of color concentration was 
a straight line when read against the artificial standard. 


It was found that the maximum color development, was reached in about 
Unity-five minutes when it remained constant for about twentv minutes and 
then faded or became slightly purple. 

The proper color concentration of the artificial standard was found by de- 
termining carefully the hemoglobin concentration of a sample of blood by its 
oxygen capacity x 0.746. By varying the strength of the standard a color con- 
centration was produced which exactly matched that of 10 gm. Hb. per 100 c.c. 
of blood when analyzed according to method. 


*The ordinary Hayems fluid cannot be used as diluent. An i 
ir cent NaCI plus 0.15 per cent sodium oxalate is satisfactory, 


isotonic solution containing 0.65 
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The hemoglobin eontenls of twenty bloods were determined by their oxy- 
gen capacities and by the present, method. The variation between the methods 
was not greater than 4 per cent. 

Emphasis must be placed on 1 lie necessity of cleanliness and accuracy in 
preparing reagents. If conditions are carefully followed, it is believed that 
the use of the artificial standard will be very satisfactory for routine work. 

SUMMARY 

The blue color obtained when benzidine, acetic acid and hydrogen peroxide 
are added to hemoglobin has been standardized as a microhemoglobin method. 

An artificial standard lias been prepared for routine work. 

The hemoglobin content of 1 e.mm. of blood may be determined. 

The author wishes to extend his thanks to Dr. V. G. Karr for advice and suggestions 
during the progress of this work. 
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THE BACTERICIDAL POWER OF BLOOD® 


Reuben Ottexberg, M.D., New York, N. Y. 


I N a recent publication Frederick W. Shaw 1 discusses the question of the in- 
fluence of the bactericidal power of the blood on the technic of taking blood 
cultures. He shows from citations of the literature that immune scrum is not 
bactericidal but offers a satisfactory culture medium for bacteria. From his own 
experience m which he used defibrinated blood of the patient himself as a culture 
medium, he believes that this is a satisfactory procedure and that the natural 
bncitrifidelt property of the blood can safely be neglected. 

' nave no doubt that when there arc sufficient microorganisms in the blood 
1 i '-nn ive the first hours of incubation when the bactericidal power of the blood 
s at its highest, positive blood cultures can often be obtained by this technic. 
However, experience with blood cultures, and in particular some experiments 
r uiormed in 1931 indicate that when the numbers of organisms per cubic 
i-ntimeter of blood is not large, the natural bactericidal power of the blood may 
very well interfere with obtaining positive results. 

The experiments in question were not undertaken to answer directly the 
question discussed above. They were incidental control observations in the study 
of the bactericidal power of an antiseptic which it was thought might be used 
intravenously in bacteremias. As the study with the antiseptic was negative, 
the experiments were not published at the time. But the control observations 
necessitated the answering of certain definite questions, namely : 1. Is citration 
or defibrination preferable for experimental work? 2. Does citration impair the 
normal bactericidal power of the blood? 3. How bactericidal is normal blood 
for Streptococcus viridans? 4. For how long does the bactericidal effect of the 
blood continue? 5. How bactericidal is the patient’s blood in subacute endo- 
carditis for his own organisms and for organisms derived from other sources? 

1. Is citration or defibrination preferable for experimental work (with bac- 
tericidal drugs) ? 

A Streptococcus viridans culture (No. 90) obtained from a case of bacterial 
endocarditis was used. It grew very rapidly, emulsifying well on shaking. Of 
a twenty-four-hour culture diluted 1 :1,000, I c.c. was placed in each of two 
small flasks at the patient’s bedside. One of the flasks contained a number of 
glass beads and the other 0.3 c.c. of 10 per cent sodium citrate. The patient 
had a case of polycythemia. Twenty cubic centimeters of blood were obtained 
from the patient and 10 c.c. put into each flask. The two flasks were then shaken 


•From the Laboratories o£ Mount Sinai Hospital, New York. 
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equally for ten minutes. Then 0.1 c.c. was removed from each flask, mixed in 
5 c.c. of bouillon, and then plated with 10 c.c. of agar. After twenty-four hours 
the plate from the citratcd blood showed S00 colonies, that from the defibrinated 
blood, 150 colonies. It, was apparent, that defibrination had removed a con- 
siderable number of bacteria, which were probably in the clot. For purposes of 
blood culture, particularly for immediate subcultures of blood on different media, 
and for the present experiments, cit ration would appear preferable to defibrina- 
tion. 

2. Does citration, as compared with defibrination, impair the normal bac- 
tericidal power of the blood? The technic was similar to that in the preceding 
experiment (blood was used from a patient with chronic cholecystitis) except 
that the bacteria were added to both flasks after instead of before defibrination. 
Dilution of the culture was higher, 1 :20,000, in order to have a smaller number 
of colonies per cubic centimeter. Subcultures of 0.1 e.c. and 0.5 c.c. of blood 
from each flask were made at once and after the flasks bad been in the thermostat 
one hour at 37° C. The results, read after forty-eight hours’ incubation of 
the plates (in order to give all the colonics time to appear) , are shown in Table I 
(the numbers indicate colonies per plate). 


Table I 




SUBCULTURES 

AT ONCE 

SUBCULTURES 

AT 1 HR. 

Citratcd blood 

0.1 c.c. 

0.5 c.c. 

32 

137 

21 

35 

Defibrinated blood 

0.1 c.c. 

0.5 c.c. 

42 

12G 

12 

51 


The bactericidal effect is seen to be about as pronounced at one hour in the 
citratcd as in the defibrinated blood. It is evident then that the addition of a 
small amount of sodium citrate does not impair the normal bactericidal power of 
blood. 

3. How bactericidal is normal blood for Streptococcus viridans, and (4) 
how long does the bactericidal effect of blood continue? 

This was determined on numerous occasions and showed very wide varia- 
tion. In general it can be said that with different strains of Streptococcus viri- 
dans after one hour’s incubation, about one-third to one-lialf of the organ- 
isms present disappear. After two hours’ incubation about one-half to 
turn-thirds or more disappear. After twenty-four hours in many instances 
90 per cent or more of the microorganisms disappear from the blood. In other 
cases the bactericidal effect appears exhausted at this time and rapid multiplica- 
tion of the bacteria ensues. In the following experiments 0.1 c.c. of a 1 -.15,000 
dilution of a twenty-four-hour culture of a strain of Streptococcus viridans was 
added to 4 c.c. portions, respectively, of normal eitrated blood and of bouillon. 
At once and again after two and one-half hours’ incubation in the thermostat 
and after twenty-four hours at room temperature, subcultures of 0.1 e.c. each 
were plated and the colonies counted. The results are shown in Table II. 
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Table II 



COLONIES PE It PLATE 


SUBCULTURE 

SUBCULTURE 

SUBCULTURE 


AT ONCE 

at 2V1> nn. 

AT 24 IIR. 

Blood 

512 

52 

G 

Bouillon 

ISO 

G02 

Uncountable 


Two similar experiments (botli with normal blood, one with a hemolytic 
streptococcus) in which the primary bactericidal period was followed by rapid 
growth, are .shown in Tables III and IV. 


Table III 



I HEMOLYTIC STREPTOCOCCUS 


SUBCULTURE 

SUBCULTURE 

SUBCULTURE 


AT ONCE 

AT 1 HR. 

AT 24 IIR. 

Blood 

115 

14 

Uncountable 

Bouillon 

80 

100 ! 

Uncountable 


Table IV 



STREPTOCOCCUS VIRIDANS 


SUBCULTURE 

SUBCULTURE 

SUBCULTURE 


AT ONCE 

AT 1 IIR. 

AT 24 HR. 

Blood 

125 

65 

Uncountable 

Bouillon 

G5 

100 

Uncountable 


5. How bactericidal is the patient’s blood in subacute bacterial endocarditis 
for his own organisms and for organisms derived from other sources? 

A rather high bactericidal power of the blood of cases of bacterial endo- 
carditis for the homologous organism was observed in a number of experiments. 
When the number of organisms at the start was small, they were often killed 
off entirely in a few hours. Thus the following experiments were done with the 
blood of patients in the active stage of bacterial endocarditis. 

To 5 c.c. portions of the patient’s eitrated blood were added 0.5 c.c., re- 
spectively, (a) of a heterologous Streptococcus viridans (strain No. 90), (b) of 
the patient’s own Streptococcus viridans (strain No. 70). and (c) of sterile 
bouillon as control. At once, again after one hour, and after three hours, 0.5 c.c. 
of blood was plated and the colonies counted. By chance the number of or- 
ganisms of strain No. 90 was too large at the start so that no count could be 
made, but it was obvious from the three-hour plate that this strain had multiplied 
vigorously. On the other hand, with the patient’s own strain the large number 
of added organisms was greatly reduced at three hours, and in the sample of 
the patient’s blood to which no further organisms were added the small number 
originally present (11 per 0.5 c.c.) were completely killed off. 


Table V 


(a) Blood plus Culture No. 90 
(heterologous) 

(b) Blood plus Culture No. 70 
(homologous) 

(c) Blood without added bacteria 


SUBCULTURE 

SUBCULTURE 

at once 

AT 1 HR. 

Uncountable 

Uncountable 

50,000 

3200 

(approximate) 

11 

(approximate) 

2 


SUBCULTURE 
AT 3 H R. 

Uncountable but 
increased 
1000 


0 
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In the following experiment the bactericidal effects of a normal blood and 
of the blood of a patient suffering from haelerial endocarditis were compared on 
three strains of Streptococcus viriihnis, one of which (No. 14) was derived from 
the patient herself. To 4 e.e. portions of cit rated blood was added 0.1 c.e. of a 
1:20,000 dilution of a twenty-four-hour bouillon culture of each organism; 

O.a c.e. amounts of blood were plated. 


Taih.k VI 



cui/ruitK 

SUHCUI/rUUK 

SUIlCta.TUItK 


Aiun.n 

AT ONCB 

AT 2 tttt. 


No. 00 


Uncountable but in- 

Normal blood 

Xo. 70 


creased 

800 


Xo. 34 


1000 


Xo. 00 (lift or ) 

2200 

1200 

Patient ’s blood 

Xo. 70 (lietor) 

Xo. 14 (auto) 


500 

220 


Xo addition of bacteria 


85 


It is seen that the patient’s bactericidal power for the heterologous strain 
(No. 70) is of about the same order as that of normal blood. The initial growth 
of strain No. 90, another heterologous strain, in the patient’s blood seems to have 
been inhibited as compared with its growth in normal blood; here it appears as 
though the inhibitory effect of the immune blood on a heterologous strain man- 
ifested itself in the poured plate. The patient’s blood evidently reduced the 
number of her own added organisms (strain No. 14) at two hours very much 
more than did the normal blood. It appears that Ihc inhibitory power of normal 
blood can be overwhelmed if the initial number of organisms is too great. Strain 
No. 90 had previously been shown to be quite susceptible to the normal bac- 
tericidal power of the blood when not initially present in excessive numbers; it 
was the strain used in most of the preceding experiments. 

SUMMARY 

1. Defibrination removes large numbers of bacteria from the fluid portion 
of the blood. They are probably held in the clot. 

2. Sodium citrate does not impair the normal bactericidal power of the 
blood. 

3. On incubation of the blood for a few hours, bacteria (Streptococcus viri- 
dans and hemolytic streptococcus) disappear in large numbers from normal 
blood, and in even larger numbers from the blood of patients infected with the 
homologous strain. The question whether this phenomenon is due to antibodies 
phagocytosis, or disintegration of leucocytes with liberation of bactericidal sub- 
stances, is not discussed. 

4. The determination of bactericidal effects depends largely on the initial 
number of bacteria present. When this is very small, the bacteria may be com- 
pletely killed off. When it is very large, the bactericidal effect may be com- 
pletely lost. 

CONCLUSIONS 

The above experiments indicate that the normal and the immune bactericidal 
power of the whole blood cannot safely be disregarded and that the factor of 
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dilution probably plays an important role in the results obtained in blood cul- 
tures. They also show how carefully any experiments on chemotherapy of 
bacterial infections of blood need to be controlled. 
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A METHOD FOR QUANTITATING THE REDUCING SUBSTANCE OF 
THE ANTERIOR HYPOPHYSIS* 


William T. Salter, M.D., Arda Green. M.D., and Tracy J. Putnam, M.D., 

Boston, Mass. 


C HROMOPHILE adenomas of the hypophysis and aqueous extracts of the 
anterior lobes of animals contain a substance which actively reduces 
methylene blue, and which is not found in chromophobe adenomas or in ex- 
tracts of other organs. 1 Hemoglobin does, of course, reduce methylene bine, 
but the reduction produced by anterior hypophysis substance occurs in the 
absence of hemoglobin. The present investigation was intended to study the 
chemistry of this reaction further and to determine which chemical fraction 
of the crude anterior lobe extract contained the reducing substance. A mildly 
alkaline extract made according to Evans’ original formula, 2 which bad a 
high reducing activity, was used as a starting point. 

The method used for studying the activity of various preparations was 
based upon Alilgren’s technic. 3 The procedure consists in determining the 
time required to bleach a standard amount of methylene blue contained in 
an evacuated Tliunberg tube under arbitrarily selected conditions. 

Effect of Acidity. — It was found that between P„ 10 and Ph 8. little 
change in reducing time occurred; hut at more acid reactions, the reducing 
effect fell off very rapidly. Below P H 6. reduction was negligible. Accord- 
ingly. our test solutions were buffered at P H 8 with Sorensen phosphate buffer, 
the final concentration of which was made up to about 0.06 molar. 

Effect of Concentration of Methylene Blue. — At constant temperature and 
constant acidity, the time required by a known concentration of pituitary 
extract to effect complete bleaching was a direct linear function of the 
methylene blue concentration. This relationship failed, however, when such ex- 
cessive amounts of dye were used that the reducing capacity of the pituitary 
substance was exceeded. 


Electrolyte Concentration. — This had no appreciable effect within wide 
limits at the temperature and acidity employed. 


‘Prom the laboratories of the Collis P. Huntingto 
Department of Neuropathology, Harvard Medical School 
Received for publication. December 8 , 1933 . 


Memorial Hospital, Boston, and the 



. SAt.TKU KT All. 1 AXTl'IUOH HYPOPHYSIS 


75 

Effect of Temperature . — The effect, of temperatures below 50° C. is uncer- 
tain because of the possibility of bacterial contamination which in some ex- 
periments gave an apparent optimum close to *10° (J. Above (>0° C., however, 
bleaching proceeded with increasing rapidity as higher temperatures were 
employed. Thus in one experiment the bleaching time at 80° C. was treble 
that at GO 0 C. In practice, it was found that reducing time could conveniently 
be read at 100° C. in solutions which failed to bleach completely at. 40° C. 
even after forty-eight hours. Accordingly, bleaching activity was measured 
regularly at 100° by immersing the vacuum tubes in a bath of gently 
boiling water. 

It should be emphasized that this method is a dynamic one, based upon 
rate of reaction. It was found that comparable results could be obtained by 
a titration method in which the amount, of dye 1o be reduced was varied. 
This procedure, however, proved much more tedious and less accurate than 
the one employed. 

Detailed Technic .- — Into each Tlmnbcrg tube was placed 0.1 c.c. of 1:1000 
methylene blue and 0.15 c.c. of molar phosphate buffer at P» 8.0. Then the 
solution to be tested (adjusted to Pn 8.0) was added, and the total volume 
made up to 2.5 c.c. with distilled water. The tube was then evacuated as 
described by Ahlgrcn by means of a Cenco vacuum oil pump protected by a 
trap. Evacuation was begun cautiously until the initial frothing had sub- 
sided, then continued until (after about three minutes) brisk boiling had 
subsided and the tube had become perceptibly chilled (to the hand). It was 
then placed in boiling water and the time noted. Observations were made 
every half minute until complete bleaching was noted by comparing with a 
previously bleached control. 

Standard Bleaching Curve . — A sterile alkaline extract of anterior pituitary 
substance,* made according to a modification of Evans' method, was arbitrarily 
selected as standard. The total volume was 2.5 c.c. The respective bleach- 
ing times for successive volumes of gland extract is shown in Table I. 


Table I 


VOLUME IX 2.5 C.C. 

BLEACHING TIME IN MIN. 

0.2 c.c. 

45 

0.3 c.c. 

30 

0.4 c.c. 

19 

0.5 c.c. 

15 

0.6 c.c. 

11 

0.7 c.c. 

9 

0.8 c.c. 

6 

1.0 c.c. 

G 

1.2 c.c. 

4 

1.4 c.c. 

4 

1.0 c.c. 

3 

Unit of Activity of Gland 

Extract.— An “alpha unit” was arbitrarily 

selected to serve as a measure 

of the apparent potency of various extracts 

It was arbitrarily decided that 

an amount of extract containing 10a would 

‘Kindly provided by Parke. Davis & Company. 
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reduce the standard amount of methylene blue in fifteen minutes. Final 
dilutions in each case were adjusted so that the reducing time would approach 
fifteen minutes. 

Extracts Tested . — To begin with, various commercial extracts of the 
posterior lobe and preparations from pregnancy urine containing an estrogenic 
substance supposedly of hypophyseal origin were tested and found to have 
no effect upon methylene blue. 

Next, various globulin fractions of the crude alkaline extract were tested, 
as it is well known that the growth-stimulating hormone tends to remain 
with the globulin fraction. It was found that any chemical manipulation 
tends to decrease the reducing activity of a given extract. Since hemoglobin 
reduces methylene blue, the crude extract was brought, to Pu 5-0, the 
hemoglobin filtered off, and the globulin precipitate rcdissolved at Pu 7.5. 
To give a concrete instance, one sample of crude extract contained G7a units 
and 6.3 mg. nitrogen per c.c. The filtrate (containing hemoglobin) showed 
16a units and 0.5 mg. nitrogen per c.c. The precipitate, redissolved and made 
up to volume, contained 12a units and 4.2 mg. nitrogen per c.c. This solution 
was again precipitated in a similar manner and the precipitate redissolved 
and made up to volume when it showed 11a units and 3.3 mg. nitrogen per c.c. 
Such redissolved precipitates often displayed considerable growth-promoting 
activity; a completely hypophysectomized rat injected daily with 1 c.c. of one 
extract gained 28 gm. in twelve days. But the results were inconstant. The 
filtrates never showed any growth-promoting potency. 

Further fractioning of the globulin precipitate (by salting out or dilu- 
tion) yielded contradictory results. Both the a value and the growth-promot- 
ing qualities were diminished markedly in both filtrates and precipitates. 

Finally. Professor J. B. Collip 41 *• 7 > s of Toronto most kindly furnished us 

with samples of fractions, each of which has a distinct physiologic activity. The 
growth hormone, which Professor Collip informs us produces active growth in 
hypophysectomized rats when given in doses of y 04 c.c. twice daily, contained 
no reducing substance. The thyrotropic fraction contained none. The adren- 
alotropie fraction contained a trace. The maturity hormone contained 1.3a 
units per cubic centimeter — certainly a very small amount. 


SUMjMARV 


1. A method is described for quantitating the reducing power of the tissue 
of the anterior lobe of the hypophysis. 

2. Active reduction may be produced by extracts devoid of hemoglobin. 

3. The reducing substance tends to remain with the globulin fraction, 
u hicli usually also contains the growth-promoting hormone, but the two do 
not. appear to run parallel. 

4. Extracts containing the growth, thyrotropic, adrenalotropic, and ma- 
turity hormones, respectively, supplied by Dr. Collip, contained no more than 
traces of reducing substance. 


-Note: After tins article was ready for press, our attention was called to an article by 
Gough and Zilya* also describing a reducing substance in the anterior pituitary, which 
these authors identify with ascorbic acid. 1 ^ 
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IMPROVED METHODS IX THE CULTURE OF STERILE MAGGOTS 

FOR SURGICAL USE 0 


William Robinson, Ph.D., Washington, D.C. 


I ~PIIE use of sterile blowfly maggots in the treatment of infected wounds, 
•*- introduced to surgery by Baer , 1 lias grown rapidly during the last two 
years, and the maggot treatment has now been given in every state in the 
United States and in several foreign countries. Maggots are usually pur- 
chased from certain medical supply li ouses, but an increasing number of hos- 
pitals are now producing their own supply. With the proper equipment and 
training the private rearing of maggots is quite practicable. The Bureau of 
Entomology has developed methods by which sterile maggots can be pro- 
duced on a small scale both conveniently and economically. Some knowledge 
of the biology of blowflies, as well as familiarity with rearing methods and 
bacteriologic technic, is essential. Since the former article 3 was written the 
improvements in cultural technic have been so extensive as to require a re- 
vision of the whole process. 


SPECIES OF MAGGOTS SAFE TO USE 


Both Lucilia sericata and Phormia regiva are satisfactory for cultural pur- 
poses and also for use in wounds. Calliphom erythrocephala has been found to 
give less favorable results in the wound and is more difficult to rear throughout 
the year. Its use was reported in one large series of eases in the United States, 
but specimens later sent into the Bureau of Entomology for determination 
were identified as L. sericata. These species are all safe for surgical use. There 


’From the Division of Insects Affecting Man and Animals, United 
Entomology. 
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is serious danger, however, in the use of screw worms, which belong to the 
genus Cochliomyia, and they must he carefully avoided as they do not dis- 
tinguish between dead and living tissues and will penetrate healthy tissue. 

BIOLOGY OF FLIES AND MAGGOTS 

The eggs, which develop into maggots, are laid by the flies upon meat in 
colony cages. They are small and whitish and are usually laid in masses. As 
the eggs are soft, they should be handled carefully. Hatching occurs within 
twenty-four hours. Eggs are used for two purposes: (1) for propagation of 
new generations, as flies live only from four to six weeks; (2) for production 
of sterile maggots to be used in wounds. The eggs for both these purposes 
are obtained from a common source and no distinction is made until later. 
Treatment of eggs for propagation is discussed in the next section, and for 
surgical use in the following one. 

Maggots begin to feed shortly after batching. They partially liquefy 
their food and take it up in this condition. They are pointed at their head 
end. 'When feeding in liquids, they breathe through two spiracles in the 
heavy, posterior end of the body. Maggots have no eyes, and light is not 
necessary for their development. Those intended for propagation, called 
brood maggots, grow rapidly and become full size in from five to seven days. 
They then leave their food in search of a secluded place to pupate. 

After the maggots have migrated, but before pupating, they remain in a 
prepupal. maggotlike, stage for several hours. In this stage further develop- 
ment is sometimes retarded by placing the specimens in cold storage at from 
40° to 45° F. Although this retardation is a convenience, the practice is in- 
advisable as the Bureau of Entomology 5 has found it to destroy a large per- 
centage of the specimens. 

With continued development the prepupa changes into a brownish, oval 
pupa. This is a quiescent stage, and no feeding takes place. Transformation 
from the maggot to the fly occurs in this stage and occupies about seven days. 
Maggots that have been used surgically do not pupate as they are destroyed 
after removal from the wound. 

The female fly normally begins laying eggs from five to ten days after 
its emergence. The number laid daily varies considerably but averages about 
100. The egg-laying period covers from four to six weeks, but the egg-laying 
capacity of flies and the viability of the eggs begin to decline in three weeks, 
after which the old colonies should be destroyed and replaced with fresh 
young ones. Continued inbreeding of the same strain is apparently not detri- 
mental to the progeny. 

During autumn and early winter some irregularity in egg-laying may 
occur. F or some days very few eggs may be laid, and it may be supposed that 
the colonies are degenerating. Resumption of egg-laying,' however, usually 
takes place within a few days. These fluctuations which occur although sum- 
mer conditions are supplied in the fly cabinet, are regarded as the result of an 
inherited tendency to cease activity in winter. 
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While any range of temperature between 70° anil 8f)° F. is tolerated 
throughout the life cycle. 80° is especially favorable. A uniform temperature 
is advisable to control tbe rate of growth and activity. A moderate degree 
of humidity in the air is desirable in all stages of development, and 50 per 
cent gives good results. Under these conditions tbe life cycle of the species 
is from forty-five to sixty days. A method of supplying heat and humidity 
is described below. 

MA1XTEXAXCE OP KEA1UNO STOCK 

Incubator or Hearing Cabinet . — As blowflies normally hibernate in winter, 
the laboratory production of maggots at. this time is unnatural. Accordingly 
additional heat and humidity are supplied in winter to keep the species active. 
A cabinet, for this purpose can be made at small cost,. It. is constructed of 
wood with glass doors and with a shelf that, allows two layers of cages to be 
used. The size will, of course, depend upon the number of colony cages used. 
Inside dimensions of 4 feet in height, 4 feet in width, and 2 feet in depth will 
be ample for 12 cages. 

Electric light, bulbs installed on the floor of the cabinet at one end and 
connected with a thermostat, will supply heat conveniently. About six 100- 
watt. bulbs would ordinarily be sufficient. This number will use 6 ampei-es 
of current, so a thermostat, of sufficient, capacity should be used, otherwise a 
relay should be added. A switch which permits three heats is also advisable. 

The humidifier, placed at the other end of the cabinet, consists of a shal- 
low, broad pan of water with a frame to allow lengths of absorbent cloth to 
hang in the water. A baffle board or false floor, having a number of one-incli 
holes, is supported above the heater-humidifier to prevent most of the air from 
rising directing into the cabinet but, allowing it to rise mainly around the 
edges of the board. The part of the floor above the heater is protected by a 
sheet of asbestos. An opening 4 inches scpiare covered with wire gauze is 
made in the side of the cabinet, by the heater to allow fresh air to enter, and 
from 4 to 6 one-incli holes are made near the top of both sides for exit. A 
small electric fan, placed between the heater and the water pan to force the 
air forward, will give more general circulation and is recommended. The 
actual degree of humidity in the air is difficult to determine, and most private 
laboratories will probably have no record of the humidity. The humidifier 
should then be used continuously, and in winter several thick absorbent cloths 
should be suspended in the water. With an electric fan fewer cloths are 
needed. The ordinary dry air of the laboratory in winter is detrimental to 
development. 

In rearing maggots for propagation, when raw meat is used, disagreeable 
odors will develop. A smaller separate cabinet is advisable, therefore, with an 
exhaust fan on an outside vent to draw off the odors at the top of the cabinet. 
Unpleasant odors do not. occur in the culture of sterile maggots. 

Cages for Fly Colonies. — Flies are kept in colonies, each consisting of 
about 150 individuals. A simple cage can be made of gauze over a frame of 
wood, from 10 to 12 inches in each dimension. Upright posts are secured 
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firmly to the corners of the solid wooden floor and supported at the top with 
horizontal pieces on all four sides. This is covered on the sides with muslin 
gauze held in place with thumb tacks. In one of the sides a sleeve of the 
same material is attached for access to the cage. The top is covered with 
metal screening so the inside will be visible. This is an inexpensive cage and 
is easily made. 

Another type devised by Simmons 7 is especially rugged and serviceable 
and permits rapid handling and cleaning. It is more expensive, but it will 
outlast the other cage. The top has a large circular opening and is braced 
beneath to prevent cracking. The sides are six metal rods threaded at top and 
bottom and held in place with two nuts at each end. The cage is 14 inches high 
and 10 inches in diameter. A cloth sack of muslin lawn is made to be pulled 
up over the cage and fastened at top and bottom with a cord in a slot cut 
around the edges. The sack has a short sleeve as described for the other cage, 
and the top is covered with metal screening, celluloid, or cellophane. 

Care of Fly Colonics . — Xo consideration need be given to the proportion 
of the sexes. The ratio is usually 1 to 1. and the number of males that occur 
in the colonies is satisfactory for fertilization. 

The food of flies differs greatly from that of maggots. Flies will thrive 
if a Petri dish of granulated sugar is kept in each cage and supplemented 
twice a week with Baer’s mixture 1 of 70 e.c. water. 30 c.c. honey, one quarter 
cake of yeast, and one egg. This mixture is best supplied on a pad of absorb- 
ent cotton in a separate dish. The remainder will stay fresh only a few days 
and should be stored in the refrigerator. Flies require water, and this is 
conveniently supplied by a water fountain described by Miller. 2 It consists 
of a small beaker of water inverted upon a Petri dish containing one or two 
sheets of filter paper in the bottom. Flies would drown in water supplied in 
an open dish. 

A piece of lean beef is placed in another dish for the flies to lay eggs 
upon. For a colony of 150 flies a piece of meat two inches square is ordinarily 
sufficient. Under the “one-day” method of collecting and sterilizing eggs, 
described later, a larger piece is used. The meat is given as soon as the flies 
emerge as it stimulates egg-laying. 

Xo special care is required to provide light for the flies. The ordinary 
light, of the laboratory is sufficient. Exposure of the colonics to direct sun- 
light or ultraviolet light is unnecessary. Flies are attracted to a bright light, 
and when cages are opened a light shining through the opposite side will 
draw them and prevent their escape. 

Cages should be kept reasonably clean. "While sterilitv of surgical mag- 
gots does not depend upon aseptic conditions in the fly cages, it is advisable 
to avoid unnecessary contamination of the eggs. "When cages become notice- 
ably soiled, flies can be transferred by inverting a clean cage over the soiled 
one and removing the intervening screen. Transference is hastened by dark- 
ening the lower cage. 

How to Avoid Dwarfed Flics .— The only function of flies is the production 
of eggs, and for maximum usefulness flies should be large and vigorous. 
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Dwarfed flies lav fewer eggs. and llieir life is much- shorter. .Several factors 
ran cause dwarfing of flies. The injury is done in the maggot singe; flies 
cannot change in size. If maggots are forced 1o migrafe from (heir food 
prematurely, il is almost impossible to get. Iliem to resume, feeding after 
correcting the trouble. They will tend to pupate and eventually emerge as 
small flies. Premature migration can be caused by: (1) insufficient, amount 
of food for brood maggots; (2) placing excessive numbers of eggs upon the 
meat and causing overcrowding of maggots; (8) accumulation of gases in 
the feeding cage, through insufficient ventilation. The fourth cause of dwarfed 
flies is prolonged cold storage of prepupao. A loss of water which takes place 
in storage' results in both high mortality and stunted flies. Instructions for 
the proper management of feeding are given in a following section. 

Caar for Brood Larvae.- — To replace fly colonies before egg production 
begins to decline, a certain proportion of maggots must, be reared through to 
the fly stage. Cages can be made of glass beakers, dressing jars, or com- 
mercial oiled-fiber cans. 4 The latter has several advantages over the others. 
The cage consists of two containers; an inner one about. 3 inches wide to hold 
the meat, and an outer one from 2 to 3 inches wider and higher for pupation. 
An inch of sand is placed on the bottom of the outer container. To exclude 
parasites or other invaders, it is well to cover the outer cage with fine gauze. 
A heavier material should be avoided as some ventilation is necessary to pre- 
vent accumulation of injurious gases. 

Care of Brood Larvae. — A larval cage of these dimensions is large enough 
for the development of about, from 250 to 300 maggots. The inner container 
is three-quart ex's filled with raw, lean beef such ns scraps, hamburger, or 
other inexpensive pieces. The meat should be moist. Plenty of food must 
he provided to avoid premature migration as already discussed. Approxi- 
mately from 200 to 300 eggs, weighing from 20 to 30 mg. are placed down 
among the meat, and the inner container is left uncovered and put on top of 
the sand in the outer one. Under favorable conditions the maggots will feed 
until full grown and then migrate to the sand to pupate. After migration 
the food residue, which is foul-smelling, should be disposed of at once. Occa- 
sionally a few maggots fail to migrate, and they should be discarded with the 
residue. After migration the larvae can be left in the sand until they pupate, 
or placed in a beaker with sand in clean colony cages. ' 

Removal of Odors. — Foul odors which develop during production of brood 
larvae need not become objectionable. The ventilator desci-ibed for the larval 
cabinet will remove odors effectively. A household fan, however, used within 
the cabinet to force air up the pipe is inadequate; and a small exhaust fan 
in the ventilator line to draw off the odors is practically essential. Residue 
from brood cages and other waste can be kept conveniently in a paper bag 
within a large dressing jar or fiber can. This should be stored in the larval 
cabinet or a. chemical hood and burned each day. 

First Steps in Maggot Production. — Vigorous colonies of flies are one of 
the first requisites. Foundation stock to start colonies can usually be obtained 
from a laboratory already producing maggots. It is best shipped in the 
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prepupal or the early pupal stages and enough should he requested to start 
three colonies. Upon arrival from 100 to 150 should be placed at once in 
each fly cage. If any have not yet pupated, a beaker with an inch of sand 
should be used. Granulated sugar and the water fountain are added and 
the cages placed in the rearing cabinet.. When adults appear, the meat should 
be included and renewed often enough to keep it from drying. Plies will begin 
to lay eggs in from five to ten days. 

A large number of maggots should be reserved for the next generation 
of flies before the production of sterile maggots is attempted. As to the 
number of colonies to maintain, a convenient index is that each female will 
lay a daily average of about 100 eggs. A colony of 150 flies will, of course, 
have only about 75 females. 


CULTURE OF STERILE MAGGOTS 

The same colonies of flies that produce brood larvae arc also used in the 
culture of surgical maggots. Maggots for use iu wounds are cultured under 
aseptic conditions, and careful bacteriologic technic must be employed. The 
maggots cannot be sterilized, but sterility can be obtained in the egg stage 
and the maggots kept from contamination by the use of sterile containers 
and food. 


Removal and Care of Eggs . — The eggs are laid in masses upon the meat, 
usually in crevices or around the lower margins. Because of their short 
hatching period all eggs are removed with meat from the fly cages at the end 
of the day. Egg masses are carefully picked off with a scalpel and placed 
on a piece of wet cloth laid on a wet. cotton pad in a Petri dish. If clumps 
aie laige it is best to place them on half the cloth, turning the other half 
over them. The wet cloth facilitates separation of the eggs described in the 
next section. The dish is covered and stored iu the refrigerator until the next 
morning when the eggs are separated and sterilized. 


Sepai aiion of Eggs. Ibis is necessary before sterilization so the disin- 
fectant can reach the entire surface of each egg. Incomplete separation may 
result in failure to sterilize. The most satisfactory method tried is the one 
devised by Simmons. 8 The process includes the moistening of the e-s on 
the wet cloth already described. This is done to soften the mucoid material 
around the eggs. In thirty minutes’ contact with the wet cloth the eggs can 
be separated readily by spreading them thinly on the cloth with a spatula. 
Black cloth is advisable as small clumps needing further separation can be 
seen. The eggs are then ready for transference to the disinfectant. 

Sterilization of Eggs — Formalin compares favorably with the numerous 
other disinfectants tested, and in some respects it is the most satisfactory one 
tried. Immersion of the eggs in a 5 per cent solution of formalin plus I per 
cent . sodium hydroxide for five minutes has been found sufficient to produce 
sterility in routine maggot culture. The sodium hydroxide was added by 

ag f“ ° f the GggS iQ tlie “<*ant, a tendency 
existing m eggs separated by the wet-cloth method. 
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Eggs arc best sterilized in small lots. For private use, from 500 1o 000 
is a convenient, number for a lot and usually as many as needed in a wound; 
overcrowding tbo wound frequently leading to trouble.' 1 When produced 
commercially for shipment the number is better increased to 1,000. These 
small lots are more adaptable to aseptic technic. The number of eggs in a 
mass can be determined easily by the weight, method, 1 approximately 10 eggs 
(unmoistened) weighing 1 mg. After a few lots have been weighed the 
number can be estimated by its size. 

A test, tube of disinfectant is used for each lot, of eggs. The separated 
eggs are lifted from the wet cloth with a spatula or scalpel, placed in Ihe 
disinfectant, and stirred gently. After five minutes most of Ihe solution is 
decanted and the eggs arc then washed. A convenient, apparatus 0 for wash- 
ing the eggs consists of a Gooch crucible containing a piece of bandage gauze 
about 2 in. square and supported in the neck of a wide-mouth specimen bottle. 
The eggs arc poured from the test tube ou to the gauze and washed with 
100 c.c. of water. A separate unit, of this kind is used for each lot of eggs. 
The crucible and gauze arc protected from contamination by covering them 
with an inverted crystallizing dish which rests upon the shoulders of the bot- 
tle, and the unit is, of course, previously sterilized intact. The eggs are trans- 
ferred upon the gauze directly to the food. 

Sterile Maggot Food . — The maggots are reared in glass containers. Shell 
vials 85 mm. high and 35 mm. wide, or 2-ounce specimen bottles with extra 
wide mouth and small shoulders, make convenient containers. They are 
cleaned and plugged with gauze-covered cotton and sterilized. The food is 
introduced next. 

There are now two types of sterile food. The older type makes the mag- 
gots grow rapidly and consequently retardation of their growth in the refrig- 
erator is necessary during the sterility tests (described in the next section). 
The chief objection to this method is that cold storage kills a large percentage 
of the maggots.” Several formulas are in the literature. 

The newer type of food permits only a slow rate of growth up to the 
time of implantation but does not interfere with feeding and rapid growth 
in the wound. This food, recently devised by Simmons,® consists of one part 
of evaporated milk to from five to seven parts of water, to which is added 1.5 
per cent plain agar. The mixture is cooked in a double boiler for 20 minutes, 
and about 15 c.c. is poured into each container. The advantages of this 
retarding food are that it eliminates cold storage of maggots during the 
sterility tests, and it permits holding of surplus maggots in reserve a few 
days without chilling and consequent mortality. The food is also cheap and 
easy to prepare; and it permits shipment of sterile maggots long distances 
without the customary ice packing. 

After the food is added the containers are replugged, autoclaved for 
thirty minutes at 15 pounds pressure, and stored in the refrigerator. When 
eggs are introduced, the bottles are kept in the fly cabinet for hatching. The 
cloth is best left in the bottle until implantation. 

•Devised by Dr. G. F. White. IT. S. Bureau of Fntomolopry. 
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Test for Sterility of Maggots .— About forty-eight hours after, hatching, 
each lot is tested for sterility. A good method is to test, some of the partly 
liquefied food upon which the maggots are feeding. Both aerobic and anaer- 
obic tests must be made. If the retarding food is used, the maggots can be 
left at room or incubator temperatures while the bacteriologie cultures are 
being incubated; otherwise their growth must be restrained in the refrigerator. 
Any lots found contaminated forty-eight hours later must he discarded. 'Die 
remainder are suitable for surgical use. By this time the maggots are usually 
from 4 to 6 mm. in length, a size best suited for use in the. wound. Larger 
maggots are less desirable as their feeding period in the wound is too short. 
Negative cultures are incubated from four to five days longer, as an extra 
precaution, after the maggots have been released for clinical use. With some 
practice in the sterilizing technic, a high percentage of sterile lots should be 
obtained. 

Cold Storage of Surgical Maggots . — When an excess of sterile maggots 
occurs, a common practice has been to store the surplus in the refrigerator 
until needed. As this causes a high mortality, it is better when a non- 
retarding food is used to restrict the supply rather than to depend upon cold 
storage. If the retarding food is used, cold storage is unnecessary and surplus 
maggots can he held at room temperature for a few days. 

A ONE-DAY METHOD OP OBTAININ'*! AND STERILIZING EGOS 

A cultural method has been devised' whereby eggs may be sterilized the 
day they are laid. This is done upon alternate days and leaves each inter- 
vening day free for other work. The use of only young flies (up to three 
weeks of age) is especially advisable. Meat is given upon alternate days and 
larger pieces than usual (3 in. square) are used. Under these circumstances, 
flies have laid as many eggs in tln-ee hours as ordinarily during a whole day. 
The meat is placed in the fly cages about 9 a.m. and removed at noon. The 
eggs are then collected and placed upon the wet cloth. In the early afternoon 
the eggs are separated, sterilized, and transferred to the food as described 
under the longer method. As these eggs are newly laid and therefore easily 
killed during sterilization, it is important to use a disinfectant which will not 
injure them. The formalin solution as described is especially suitable. The 
food containers with eggs are then placed in the incubator. 

PROBLEMS IN TIXE USE OF MAGGOTS IN WOUNDS 

In the use of living maggots in human wounds, there arise certain prob- 
lems of a biologic as well as a clinical nature. Some of these questions have 
been discussed from the biologic standpoint in a circular issued bv the Bureau 
of Entomology. 0 The circular deals with such matters as the inability of mag- 
gots to reach deep necretic areas without surgical assistance; the unfavorable 
effect upon maggots of accumulated avouucI secretions; implantation of mag- 
gots in the wound; avoidance of overcrowding of maggots; a description of 
various types of maggot retainers over the wound ; why maggots sometimes 
die in the wound ; and why they sometimes escape from the wound. 
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SUM M Alt V 

Tlic use of sterile blowfly maggots in surgery bus become widespread in 
the last three years, and the private culture of limggots is now being attempted 
in many hospitals. "Wit It the proper c(piipmcnt and training the production 
of maggots for private use is quite practicable. Detailed descriptions are 
given of methods and equipment, that have been found satisfactory for this 
purpose. An outline of the biology of blowflies as involved in flic cultural 
processes is also given. 
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A MICROMODIFICATION OF THE FOLINAVU BLOOD SUGAR 
METHOD USING PERMANENT STANDARDS 0 


IIekmax Browx, B.S., PrilEAOELPHIA, Pa. 


T HE Folia aad Wu 1 blood sugar method has been adapted by various 
workers 2 - 3 ' 4 to the determination of reducing sugar in minute amounts 
of blood. Such “micro” modifications have proved reasonably accurate for 
clinical analysis. There is also the added advantage over the more cumber- 
some ferricvanide method 5 in that a new set of reagents need not be prepared 
in shifting from the macro- to the micromethod, since as a rule the latter is 
used only intermittently in cases in which it is undesirable or difficult to 
obtain larger amounts of blood. Weaker sugar standards are usually required 
for the micromodifieations and their intermittent use increases the uncer- 
tainty inherent in the relatively unstable sugar standards. It would, there- 
fore, be desirable to have at hand permanent colored standards corresponding 
to definite amounts of sugar when such a modification is employed. These 
standards would also make the method useful clinically when a colorimeter 
is not available. 

The above considerations led to an attempt to devise permanent standards 
which would not only be reasonably stable (stability over a period of one year 
was set up as a minimum requirement) but would also cover a range suf- 
ficiently wide to enable one to obtain results without the necessity of repeating 
the test. Standard colors that apparently fulfill these conditions have been 
prepared as follows: 

Solution A. — Fifty milligrams of Alizarine Blue G.S.t and 10 mg. of 
Alizarine Blue-Black B.G.f are transferred to a 100 c.c. volumetric flash dis- 
solved in distilled water and diluted to the mark. 

Solution B . — A distilled water solution of 20 mg. of Alizarine Cyanone 
Green B extra) per liter. 

From these solutions standards are prepared by measuring into test tubes 
of uniform bore amounts of each as given in Table I. 


Table I 



SUGAR 

MG. PER 100 C.C. 

SOLUTION A 

c.c. 

SOLUTION 7i 

C.C. 



GO 

100 

200 

300 

400 

500 

0.30 

0.60 

1.40 

2.30 

3.70 

5.90 

9.70 

9.40 

S.60 

7.70 

G.30 

4.10 



•From the Research Institute of Cutaneous Medicine of Philadelphia 
Received for publication, February 15, 1934 
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The values in Table I ean be plotted on coordinate paper using values 
for sugar convent ration and solution A as abscissa a.nd ordinate, respectively. 
From the resulting curve such intermediate values for sugar concent rat ion 
as may be desired can be picked oil' and standards prepared accordingly. 

Below 200 mg. per 100 c.e. color values spaced 20 mg. apart, are readily 
distinguishable permitting comparison with less than a 10 mg. error. Be- 
tween 200 and 000 mg. standards 25 mg. apart, have been found convenient 
and above 000 mg., 50 mg. spacings which permit interpolations of 25 mg. 
are sufficiently close. 

These solutions, if placed in tubes (.14 mm. bore has been found con- 
venient) of noncorrosive glass which are hermetically sealed, will keep for at 
least ten months. The range covered will take care of practically all blood 
sugar values usually encountered if used in conjunction with the modification 
described below. 

METIIOD 

Reagents. — 1. Tungstic Acid Solution: To 40 c.c. of 10 per cent sodium 
tungstate in a liter flask add about 700 c.c. of water, then with shaking, 40 
c.c. of 2/3 N sulphuric acid. Dilute to the mark and mix. A precipitate be- 
gins to form in this solution after about two weeks; however, it can still be 
used as a protein precipitant for about two or three months. 

2. Alkaline Copper Tartrate: The original Folin and Wu 1 reagent is 
used. The less alkaline solution advocated later by Folin 0 is not only more 
troublesome but, as has been shown by Shaffer and Somogyi, 7 a much more 
alkaline solution must be used to obtain good recoveries in very dilute sugar 
solutions. 

3. Color Reagent : The complex acid molybdate solution of Folin 0 is used. 
This solution not only gives a better proportionality of color to sugar content 
than the older reagent, but the color is considerably stronger for a given 
amount of sugar which is of distinct advantage when but small amounts of 
blood are used. 

Procedure . — Five cubic centimeters of tungstic acid are placed in a test 
tube. With a 0.1 c.c. serologic pipette, blood obtained from an ear or finder 
prick (oxalated blood obtained by vein puncture may of course be used) is 
added to the solution, rinsing the pipette by drawing the tungstic acid solu- 
tion into it several times. Stopper with the thumb and shake. The precipi- 
tated proteins may now be thrown down in the centrifuge or filtered. If 
filtered, a 7 cm. filter will be found sufficiently large to take all the mixture 
and give a filtrate of more than 3 c.c. Two cubic centimeters of this filtrate 
are placed in a test tube having a bore equal to that of the standard tubes 
2 c.c. of alkaline copper tartrate added, the tube stoppered with cotton and 
placed in vigorously boiling water for eight minutes. The tube is then cooled 
for about one minute without shaking, 2 c.c. of the acid molybdate reagent 
added and the contents mixed by side-to-side shaking. After frothing has 
ceased (about one minute) the color is compared with the permanent standard 
colors, giving the sugar content directly without calculation. 



88 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


If the blood sugar is greater Ilian 500 mg. per 100 c.c., sufficient filtrate 
is available to repeat the determination upon 1 c.c. plus ] c.c. of water, the 
result after comparison of course being multiplied by two. 

Comparison of colors is greatly facilitated by the use of a 3-hole wooden 
block, using either daylight or artificial light transmitted through a frosted 
glass plate." Such a block is readily prepared and its use makes color com- 
parison sufficiently easy so that one may readily interpolate between standards. 

COMMENT 

The above modification of the Folin-Wu blood sugar method presents 
several advantages which should make it of value clinically: Neither marked 
tubes nor special tubes are necessary since no dilution of the final colored 
solution is required and the danger of partial reoxidation of the reduced 
copper oxide is avoided by stoppering the tube during boiling. The latter 
expedient has been successfully employed by many workers. Only one micro- 
measurement is made, that of measuring the blood sample, thus ensuring 
greater accuracy in the determination and avoiding the use of special pipettes. 
If the blood is collected outside the laboratory it may be transported in the 
tube in which the proteins have been precipitated without danger of loss of 
fermentable substances. 

It will be noted that the time of heating has been increased from the usual 
six minutes to eight minutes. This has been done because it has been found 7 
that the longer period is necessary for maximum reduction when dealing with 
very small amounts of sugar. A ten-minute heating period has been advocated 
by Shaffer and Somogvi but since their figures indicate that maximum reduc- 
tion is approached at about eight minutes and to reduce the possibility of 
sugar destruction by the alkali, the latter figure has been adopted. That 


Table II 

Comparison or Folin-Wu and Author’s Micromopificatiox Using Permanent 

Color Standards 


SAMPLE 

human Blood Sugar — mg. per 100 c.c. 

FOLIN-AYU 

author’s modification 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

50 

04 

72 

79 

54 

55 

92 

113 

140 

1S8 

193 

200 

310 

326 

330 

360 

365 

404 

GO 

00 

70 

SO 

80 

90 

90 

110 

150 

175 

200 

200 

300 

325 

325 

350 

375 

400 


Standard Reagents Comrmny^Vh'iladelphia ^ ixteen colored standards may be obtained from the 


DROWN : M It'ItOMODII'I CATION OP FOUN-ffl! 111,001) SUGAR M UTII 01) 


8 !) 


consistent results over n wide range ol‘ sugar values can be obtained by this 
modification is indicated by inspection of Table II which compares the results 
obtained on the same blood specimen by both the Folin and Wu and Ibis 
micromodification. 

Test tube color comparison is of course not as accurate as good mechani- 
cal colorimetry, nevertheless results by either method are probably more 
accurate than is required for clinical interpretation or treatment. 

SUMMARY AND CONCLUSIONS 

A “micro” modification of the Folin-Wu blood sugar which employs no 
special apparatus is described. 

For use with this modification a procedure for preparing permanent 
colored standards covering a wide range of values is described. 

The feasibility of the use of such standards is discussed and their ac- 
curacy compared with the macromethod and with clinical requirements. 

The advantages of this micromethod used in conjunction with permanent 
standards in clinical practice is indicated. 
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A PHOTOELECTRIC DROP RECORDER 0 


Clarence F. Graham, M.D., and F. Stanley Randles, M.D., Albany, N. Y. 


A COMPLETELY satisfactory drop recorder lias not. yet been invented, 
if one may judge from the frequent reports of new devices which appear 
in the scientific journals. So far three main types of apparatus have been 
described: (1) the direct contact form, in which the drop makes an electrical 
contact directly between metallic points; (2) the displacement type, in which 
the drop displaces a conducting electrolyte which establishes an electrical 
contact; (3) the mechanical contact type, in which the impact of the drop 
closes a circuit by some mechanical movement. 

Apparatus of the first type is uncertain in its operation because of cor- 
rosion and gas formation on the contact points, and of course will not operate 
at all unless the drop is a fairly good conductor. The second type requires 
rather delicate apparatus and adjustment, and again gas formation at the 
electrodes will interfere with good conductivity. The third form will operate 
quite satisfactorily under certain conditions, but the inertia of the moving 
contact lowers the rate of response, and the inherent vibration frequency of 
the moving part may cause chattering and false recording. 

The apparatus we wish to describe operates on a principle which has not 
yet been applied to drop counters, so far as we can learn, although it has been 
in satisfactory use for many years in similar applications. The falling drop 
is used simply to interrupt a beam of light actuating a photoelectric cell and 
the necessary amplifying system. The drop acts as a foreign body in the light 
beam, is not required to be either opaque or conducting, and has no contact 
with any part of the apparatus. 

Fig. 1 shows the optical system used to obtain a concentrated beam of 
light that can be interrupted to a great extent by the falling drop. The lamp 
is an ordinary 3-candlepower tail-light bulb, conveniently°fed by from a 6 
to 8 volt bell-i in ging transformer supplied with 115 volt alternating current. 
The condensing lens can be made of three ten-cent reading lenses putMogether, 
with a combined focal length of about 6 cm. If verv small drops are to be 
recorded, the light beam can be diaphragmed to the sharpest possible focus 
by a stop, and with a little care the beam can be focussed so sliarplv that the 
movement of a single hair will operate the photoelectric system ' For the 
convenience of a rigid mounting, the lamp, lens and photoelectric cell are set 
up on the same base. The cell is covered with a black paper jacket with a 
circular hole to admit the light beam to the target, and should be so placed 
♦Received for publication, December 2$, 1933 

This apparatus was demonstrated in operation" m r,. . t 

can Physiological Society in April, 193 3. 1 * Cincinnati meeting of the Amerl- 
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that ilia circle of light beyond the focal point, just, covers the target, of the 
cell from side to side. As little extraneous light as possible should reach the 
cell through the opening in its cover so that the drop may cut nearly all the 
light that reaches the cell. 

The pipette is arranged so that tin* drop forms only ,‘i or -I mm. above the 
focus of the light beam, and falls very little before it, interrupts the beam. 
If the drop is formed too far above the beam, it may he deflected by air cur- 
rents and cause unsteady operation. The most, favorable location for the 
drop has been found to be just beyond the focal point, but its position can 
ho adjusted by a few trials. 





^ u 

Kip. 1. — The optical .system of the drop recorder. 



Fig. 2 shows the electrical system employed to amplify the tiny current 
of the photocell. A is the photoelectric cell, which may be either an electron 
emission cell, or preferably a selenium tube such as the FJ-31 of the General 
Electric Company. B is an amplifying tube of the UX-240 type, supplied 
with filament current from a 6-volt storage battery through the 20-ohm 
rheostat C. The rheostat may be omitted with only a slight loss in the life 
of the tube. D is the load resistor of the amplifying tube, preferably of 
200,000 ohms. E is the plate battery of 90 volts, made up of two 45-volt radio 
B batteries. As the current drain is slight, these batteries will run down very 
slowly. Q is the heavy power tube, a G. E. thyratron FG-17. This peculiar 
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device is a mercury ionization tube which lias the advantage of operating on 
raw 115-volt alternating current, with an output at this voltage of half an 
ampere. The filament, -heating current for the thvratron is supplied at 2.5 
volts and 5 amperes from a small step-down transformer 77, which can he 
obtained at little cost from a radio supply store. No rheostat is needed in 
the filament circuit. The output of the thvratron is shown at J. The signal 
marker should be of high resistance with as many turns of wire as possible, 
since the internal resistance of the thyratron is much higher than that of a 
battery. 7 represents the electric cord and attachment plug for the sitpply 
of operating current from any 115-volt alternating current outlet. 

The thyratron fits an ordinary four-pronged radio tube socket, and the 
connections to the grid and filament are made in the usual way. The plate 
connection, however, is made to the knob at the top of the tube in order to 
space the contacts wide for high voltage operation. The output of the tube 
is lialf-rect-ified alternating current. 

In operation, the apparatus is plugged in, the light and amplifying tube 
turned on, and the thyratron is allowed to heat for about four minutes until 
the contained mercury is volatilized. With the light on the selenium tube, the 
potentiometer leads are connected to the B battery so that the thyratron can 
be turned on and off by rotating the potentiometer knob. With the thyratron 
just turned off, the pipette is placed in position so that the falling drop cuts 
the beam of light, and causes the thyratron to flash on as each drop falls. 
When well adjusted, the thyratron should turn on for a 10 per cent reduction 
in light on the selenium tube, or a 30 per cent reduction on a caesium photo- 
electric cell. The sensitivity can be tested by moving a card into the light 
circle between the lens and the focal point, and estimating the amount that 
must be cut off before the thyratron flashes on. The amount of light cut-off 
required can be varied by turning the knob of the potentiometer. One lead 
from the potentiometer to the battery should be disconnected when the ap- 
paratus is not in use. 

The amplifying system of the apparatus can be connected to the photo- 
electric cell by any reasonable length of wire, so that the selenium cell can 
be placed in a convenient location for the registration of the drops. The out- 
put circuit can be of any length. It is also a simple matter to adapt the 
apparatus for use as a time signal. The light beam can be interrupted by a 
swinging pendulum, or a vane on the rotating spindle of an electric clock 
can be arranged to pass through the beam at regular intervals. Many electric 
clocks of the synchronous motor type have a shaft which rotates once a 
minute, and a wheel can be mounted on the shaft with spokes of varying 
lengths so that time intervals of 10, 15, 20, 30, and 60 seconds can be obtained 
according to the distance from the center at which the light beam strikes the 
spokes. If time signals are to be dispensed to a ivhole class, it is advisable 
to pass the output of the thyratron into a 250-olim relay, and send out sec- 
ondary battery current at about 10 volts to the individual tables. In this 
way the disastrous effects of a short circuit on the thyratron can be avoided. 
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A word of caution may not be amiss. Tiie apjiaralus as described would 
be classed ns a moderately sensitive photoelectric apparatus, and as such de- 
mands tbe care usually given an instrument, of precision. The whole set can 
be assembled in a couple of hours by anyone slightly acquainted with the 
wiring of radio apparatus. All connections should be cleaned and soldered, 
and the storage and B batteries should be kept up to their rated voltage at. 
all times. If the voltage of the supply mains varies widely, the light may 
fluctuate enough to cause false recording. In such a case the lamp must be 
fed from a storage battery. The thyratron should never be short circuited, 
since Ihe heavy ionic bombardment caused by a short circuit quickly ruins 
the filament. The thyratron will operate only on alternating current. On 
long runs the potentiometer may require slight, readjustment as the vacuum 
of the tube diminishes, but otherwise there is nothing 1o be adjusted. With 
these few precautions the apparatus operates with little or no attention. 


A MORE CONVENIENT M1CKOPROJECTION APPARATUS* 


Willard S. Hastings, M.D., Philadelphia, Pa. 


F OR group study of microscopic preparations, whether in classroom or con- 
ference, the projection microscope has certain very obvious advantages; it 
can be used extemporaneously, with the same preparations that have been 
used for individual study and without the delay incident to photography, ob- 
jects are seen in their accustomed colors, and by moving the slides about or 
changing powers the relations of, or variations in different portions of sections 
or other preparations are clearly and quickly demonstrated. In most institu- 
tions, however, the instrument is used but rarely. Aside from difficulties ris- 
ing from flicker or inadequacy of the light source, much of the disappointment 
in it has seemed to be due to the experience that its use involves much lost 
motion and is time consuming. In the usual apparatus, slides must be picked 
up and slipped in a vertical position beneath clips or into a mechanical stage. 
They are moved about in an unfamiliar manner, and altogether the demon- 
stration lags far behind the natural rate of the accompanying discussion. 

To overcome this objection, the apparatus to be described was devised 
and has been used with much satisfaction in pathologic conferences. Ideallv 
such an apparatus should: (1) Provide for rapid, easy, and natural manipu- 
lation and interchange of slides. (2) Have a considerable range of magnifica- 
tion, changed with a minimum of time and effort. (3) Give approximately 
“critical illumination,” with as few motions on the part of the operator and 
as near an approach to a positive setting for the more used powers as can be 
arranged. Most projection microscopes have been adaptations in mounting of 
moreor less specialized variants of the familiar microscope stand. Our thought 

•From the Jeanes Hospital. 

Received for publication. January 4, 1934. 
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lias been, on the contrary, in order to arrange for the first of the above desiderata, 
to start with the table top and build the microscope into it, making the table 
serve as the microscope stage. The microscope tube is kept in a vertical 
position by the familiar expedient of reflection of the light source and of the 
projected image. With this arrangement, a considerable number of slides 
may be interchanged purely by a sliding motion. The slide being demon- 
strated is moved exactly as when the microscope is used individually and 



gravity is an aid instead of a hindrance to the holding of a field once selected. 
In fact, clips are not desirable under most conditions, though holes have been 
provided for them and for a mechanical stage. 

It has been constructed by taking apart a Bauscli and Lomb “Large Pro- 
jection Microscope” sufficiently to remove the stage. Holes were bored in a 
steel plate measuring 25 x 15 inches, and tapped and provided with pins 
exactly to correspond with those in the original stage. The microscope was 
then reassembled, with the steel plate taking the place of the stage and serv- 
ing as the support, of the arms carrying the microscope above and the substage 
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below. The central opening was made 1 : Y\ indies in diameter, countersunk on 
top to provide for a blackened brass disk with a onedneb opening. Brass legs 
42 incites long and suitably braced were attacked to the four corners. En- 
tirely out of contact, with these legs is a support, for a metal optical bed, sus- 
pended from the ends of the steel plate 15 inches below it. This is made rigid 
by diagonal bracing, and provision is made for horizontal adjustment at a 
right angle to its length by means of wing nuts on the braces across the ends. 
Since the end supports have been made to form an exact parallelogram, the 
surface of the optical bed remains parallel with the steel plate during any such 
change. An automatic feed arc lamp is attached to the optical bed at one end. 
"With an S ampere rheostat and •)}<-, inch cored carbons this is nearly free from 
flicker and wandering of the crater. Under suitable conditions, other light 
sources would probably prove satisfactory and be more convenient than the 
arc. A 45 degree mirror is supported on the optical bed below the axis of the 
microscope. 

The substage, attached below the steel plate, carries a large condenser for 
use with microtessars or similar lenses, and .above this two smaller condensers 
of differing numerical apertures on a swinging arm for use with microscope 
objectives. A recess must be drilled partially through the plate for the small 
condenser not in use, to permit the condenser in use to be elevated close to 
the slide for objectives of high aperture. 

The stand has a 5Va inch revolving plate which carries a quadruple nose 
piece and openings for three low-power objectives and microtessars. Another 
similar plate lias two tubes for eyepieces and a 45 degree first surface mirror, 
the latter for low-power projection without an eyepiece. A prism is used 
above the eyepieces to project the image in a horizontal plane ; it can be turned 
in any direction. .Since the stand was intended for use in another, manner 
the mirror is mounted to throw the beam of light “backward” across the sup- 
porting arm. The operator is thus obliged to stand in an inconvenient posi- 
tion. By filing away a portion of a corner of its support, and sacrificing one 
of the eyepiece tubes, the mirror can be reversed and the operator can then be 
in a natural, position behind the stand. (This was not yet done when the ac- 
companying photograph was made.) 

With casters on the legs, the prism is about 54 inches above the floor. 
When further elevation of the projected image is desired, the entire apparatus 
is tipped backward slightly. With small groups this is not often necessary. 
Hinging of the top would provide for elevation with greater stability, but it 
is very desirable to avoid cross structural elements which would interfere with 
easy manipulation of the substage. 

Thanks are due to Mr. J. X. "Wcxlvn, local representative of Bausch and Lomb, for sug- 
gestions regarding light sources and suitable optics for projection. 
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MALARIA, Blood Groups and Therapeutic, Polayes, S. H., and Derby, I. M. I. A. 3L A. 

102: 1120, 1031. 

A series of 127 cases of dementia paralytica treated with malarial blood was studied 
in order to determine (a) the effect of the injection of compatible or incompatible blood on 
the incubation period, (b) the occurrence of immediate or delayed reactions to incompatible 
malarial blood, and (c) the frequency of occurrence of so-called primary fever. The follow- 
ing conclusions may bo drawn: 

1. The average incubation period is 4.30 days when the malarial blood injected is com- 
patible and S.18 days when it is incompatible with the recipient ’s scrum. That this difference 
is significant was proved by statistical analysis. 

Wide variations of the incubation periods were noted in the group of patients receiving 
compatible as well as in those receiving incompatible blood. These differences may be as- 
cribed to factors other than compatibility or incompatibility of blood. 

2. With regard to untoward postinoculation reactions, it was not possible to determine 
with any degree of certainty that they were due to incompatibility between the donor’s and 
the recipient’s blood. Other possible factors may be responsible for these reactions. 

3. Primary fever occurred in only 13 per cent of the patients receiving compatible 
malarial blood. These figures are much smaller than those found by previous investigators. 
The difference is perhaps due to the fact that it is difficult to recognize this phenomenon 
because the postinoculation temperature curve is frequently too irregular to conform rigidly 
to the definition of primary fever. 

B. C. G., Spontaneous Occurrence of a Non-Acid-Fast Form in a Culture of, Sidenberg, S. S., 

and Ecker, E. E. Am. Bc-v. Tubcre. 29: 571, 1934. 

A nonacid-fast variant of B. C. G. was discovered in a culture obtained from Paris on 
February 4, 1932. 

The raiiant possessed the growth properties of the tubercle bacillus and reverted to the 
acid-fast form when grown on various tubercle bacillus media over a sufficient lapse of time. 

The variant showed none of the characteristics of a contaminating organism. 

Guinea pig inoculations yielded cold abscesses at the site of the injection. Acid-fast 
organisms were recovered from these abscesses. 

Although the B. C. G. is not a fixed form of microorganism and though it mav yield a 
variant as described, the variant was devoid of pathogenicity fox guinea pigs. 

B. TYPHOSUS, Evidence That B. alkalescens (Andrewes) May Be a Variant of, Gilbert, 

R., and Coleman, M. B. Am. J. Pub. Henlth 24: 449, 1934. 

It has been shown that strains of bacteria having the properties of B. alkalescens are 
present in approximately 1 per cent of all specimens submitted for bacteriologic examination 
for evidence of enteric disease. Clinical and epidemiologic data suggest a close relationship 
to the typhoid bacillus. 

In the study of specimens from patients recovering from typhoid fever and in the search 
for carriers, the presence of this type of microorganism seems of special import. Even 
though, in itself, it may have no pathogenic significance, the fact that in so many instances 
B, typhosvs has been isolated from the same or other specimens from the individual con- 
cerned, makes a thorough search for this microorganism imperative, whenever strains of B. 
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alkalescent* arc found. When suspected typhoid carriers are concerned, it would seem very 
important to examine a largo series of focal specimens and, if possible, duodenal contents. 

PYURIA, Frequency of, in Anomalies of tlio Urinary Tract in Children, Bcglcr, J. A. 

Am. ,T. Bis. Child. 47: 7S0, 1934. 

Anomalies of the urinary tract are of frequent occurrence, and the majority of them 
are congenital. In this series, so far as could he determined, none of the urinary obstructive 
lesions were due to acquired stricture caused by infection or inflammatory reaction in the 
ureteral wall. 

Many such lesions go unrecognized for a number of years because of the, lack of recog- 
nizable symptoms. 

Obstructive lesions with urinary stasis may be present for years without infection and 
pyuria. 

Since .70 per cent of the children with urinary stasis had pyuria, it appears that urinary 
infection in these children may he more frequent than in normal children, but that stasis, 
contrary to the usual belief, does not always lead to pyuria. When infection docs take place 
it is exceedingly persistent, even becoming permanent, unless the obstruction is relieved. 

Catheterization or the manipulations of nrologie investigation invariably lend to infec- 
tion when stasis is present. 

A normal urine does not exclude the possibility of an obstructive lesion of the urinary 

tract. 


ENTERITIS, Relationship of Shigella Alkalcscens to Other Members of the Shigella Group, 

Welch, H., and Mickle, F. X,. Am. .T. Pub. Health 24: 210, lO'.U. 

Cases of dysentcrv-likc diseases and others apparently caused by Shigella alkalcscens 
arc reported. 

The relationship of Shigella alkalcscens to other members of tbe dysentery group is 
demonstrated by means of agglutination, agglutinin absorption and the Scliwartzman phe- 
nomenon. 

Shiga antifiltrate horse serum neutralizes in rabbits and mice the toxic effect of Shigella 
alkalescent; filtrates. 

This investigation indicates that Shigella, alkalcscens should he included among those 
organisms in the Shigella group capable of causing disease in man. 


FOOD POISONING, Suggested Laboratory Procedures for Use in Determining the Cause 

of, Koser, S. A. Am. J. Pub. Health 24: 203, 1034. 

A, First Examination: 

1. Prepare a stained smear (Gram stain) directly from the foodstuff, preferably the 
liquid portion. 

2. With a loopful of the foodstuff streak in succession 2 agar plates, preferably a 
meat infusion agar. With another loopful streak 2 more plates of either Endo or eosin- 
methylene blue agar. Incubate for from eighteen to twenty-four hours at 37° C 

Note: If the only sample submitted is an empty jar or can, the interior should be 
thoroughly washed out with a few e.c. of sterile salt solution or sterile broth. The washings 
can then be used for the examination. 

3. Inoculate a tube of broth, preferably prepared from meat infusion, with a small 
amount of the sample. Incubate at 37° C. 

If the poisoning is suspected or definitely known to he botulism the following steps 
should he included: 6 1 

4. Inoculate each of 3 tubes of ground meat or beef heart medium with approximately 
a gram or 1 c.c. of the sample. Ground lean beef, beef heart or veal is tubed with the in 
fusion from the meat so that the layer of ground meat occupies about half of the column 
of the liquid. The final pH should he from 7.2 to 7.6. 
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Immediately after inoculation 2 of the 3 tubes should ho heated to S0° C. for twenty 
minutes to destroy vegetative cells. If an nnerobic ,inr is not available the 3 tubes should be 
layered with about 1 c.c. of sterile vaseline to form a seal. Incubation should be at 3.1° to 
37° C. 

5. A portion of the sample should also be used to tost for the presence of toxin. Inject 
subcutaneously at least 2 guinea pigs or 2 white mice with a portion of the food. In most 
cases it will be necessary to centrifuge the sample before injection to get rid of gross con- 
tamination. Use 0.5 to 1.0 c.c. of the supernatant fluid for injection. "Where abundant 
toxin formation is suspected and sufficiently large sample is available, it is desirable to 
feed portions to 2 guinea pigs. 

Should death of any of the animals occur, controls with antitoxin of types A and B 
should be included. Inject subcutaneously 2 more animals with a protective dose of Type A 
antitoxin (usually 1 c.c. is sufficient) and an additional 2 with Type B antitoxin. These 4 
animals should then be injected with the foodstuff in the same way as the original 2 which 
did not receive antitoxin. If the antitoxic sera are not at hand, these controls should be 
performed as soon as they arc available. 

S. Subsequent Examinations : 

1. Microscopic examination of the stained smear will give an idea of the relative 
abundance of bacteria in the product and of the morphologic typos present. 

2. Examine the Endo or eosin-methylene blue plates for the presence of colonies re- 
sembling those of the paratyphoid, typhoid, or dysentery gronps. If suspicious looking colonies 
are found, fish several to either Bussell medium or to fermentation tubes of dextrose, lactose, 
and sucrose broths. If such colonies are not encountered, the plates should be incubated an 
additional twenty-four hours and reexamined. The identification of suspected intestinal 
pathogens requires additional procedure and is described in Section C. 

Examine also the nutrient agar plates and make Gram stains of several representative 
colonies. Note especially if staphylococcus or streptococcus colonies aro present in consider- 
able numbers. 

3. The purpose of using a tube of broth is to detect by enrichment and subsequent 
plating any Salmonella, staphylocoeci, or other types which might have been missed by direct 
plating. If the steps listed under A2 and B3 have yielded no information of value, streak 
Endo or eosin-methylene blue plates and nutrient agar plates from this broth culture. The 
examination of these plates should then proceed as given under item B2. 

4 and 5. (If suspected botulism.) The condition of the animals which were injected 
under item A5 will afford preliminary evidence of the presence or absence of botulinum 
toxin in the food. This should not be supplemented by examination of the meat medium 
tubes inoculated under item A4. 

These tubes should be incubated for at least three or four days. Note any macroscopic 
evidence of growth and prepare Gram stains from each tube. Note whether gram-positive 
bacilli, with or without subterminal spores, are present. Select one or more tubes for a 
toxicity test similar to that carried out with the original sample under item A5. The result 
of this will serve to confirm that secured with the food sample and at times it may be of 


BUSSELL’S MEDIUM 
(24-HOUR READING) 

DEXTROSE 

FERMENTATION TUBES 
LACTOSE SUCROSE 


Acid and gas in butt, 
alkaline slant 

Acid and gas 

Negative* 

Negative* 

Similar to that pro- 
duced by Salmonella 

Acid in butt 

Acid 

Negative 

Negative 

(or occasion- 
ally acid) 

Similar to Elexner 
dysentety 

Acid in butt 

Acid 

.Slow acid 

Slow acid 

Similar to Sonne dys- 
entery 


•Incubation should be continued for at least a week or preferable two weeks to rule 
out delaved fermentation of these sugars. Delayed fermentation of lactose or sucrose if! not 
typical of the Salmonella group. 
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great value in affording some additional information. Ill tlie event of a positive! test (lie meat 
medium mnv lie used for further purification and isolation of the culture, if this is desired. 

C. Chcclinn of Suspected Suiinoiiethr or Other Intestinal Types: 

Fermentation results similar to those shown in the accompanying outline, immediately 
raise the question whether the organism may lie a member of the Salmonella group or one of 
the dysentery bacilli. Since there are many miscellaneous saprophytes which resemble the 
intestinal pathogens in these superficial aspects, a somewhat detailed procedure of checking 
is necessary. When a culture has been selected for further examination a Gram stain should 
bo made to see whether one is dealing with a medium -size, gram-negative, nonsporulating rod. 


GRANULOCYTOPENIA, Primary, The Etiology of (Agranulocytic Angina), Madison, 

F. W., and Squicr, T. L. .T. A. M. A. 102: 755, 1054. 

The increase in incidence of primary granulocytopenia (agranulocytic, angina) has 
paralleled the increase in the use of drugs containing amidopyrine and especially those con- 
taining amidopyrine with a barbiturate. 

The disease has appeared most frequently in persons apt to he taking drugs: physicians, 
nurses, or those directly under the care of a physician. 

In each of fourteen patients the onset of primary granulocytopenia, was directly pre- 
ceded by the use of amidopyrine alone or in combination with a barbiturate. 

The mortality in a group of six patients who continued the use of drugs containing 
amidopyrine was 100 per cent. In a group of eight patients who did not continue the use of 
these drugs, only two died, and both of these died in the initial attack. 

The administration of a single dose of amidopyrine to each of two patients who had 
recovered from the acute disease was followed by a rapid profound fall in granulocytes. 

One rabbit given allylisopTopylbarbituric acid with amidopyrine (nllonal) by mouth in 
relatively large doses showed an abrupt drop in granulocytes and died on the thirtieth day. 
Preceding death there was complete absence of granulocytes in the peripheral blood. Seven- 
teen other rabbits given allonal or amidopyrine showed no significant change in the blood 
picture. 

The authors believe that amidopyrine alone or in combination with a barbiturate is 
capable of producing primary granulocytopenia in certain individuals who have developed 
sensitivity to the drug. 

They also believe that the appearance of primary granulocytopenia following the use 
of such drugs may be the result of an allergic or anaphylactoid drug reaction. 


B. PERTUSSIS, Cough Plate Examinations for, Kendrick, P., and Eldering, G-. Am. ,T 

Pub. Health 24: 309, 1934. 

Cough plate diagnostic service for pertussis has been available continuously for about a 
year at the Western Michigan Division Laboratory of the Michigan Department of Health 
Grand Rapids. It is proving a practicable procedure under the conditions existing there. 

During the past four months of this service 23 per cent of the positive diagnoses have 
been made within forty -eight hours after the plates have reached the laboratory, 75 per cent 
within seventy- two hours, and 91 per cent within four days. 

The laboratory findings are being used by the City Health Department in obtaining 
earlier diagnosis of pertussis and thereby, it is hoped, more effective isolation of eases in 
their most infective stage. The possible applicability of the results to the problem of release 
is under study. 

In agreement with the reports of most other authors, B. pertussis couia be isolated from 
relatively few patients after the fourth week of disease. A patient with whooping cough of 
more than four weeks’ duration, who can be shown to harbor B. pertussis, is defined tentatively 
as a post-wliooping cough or convalescent carrier. J 

One hundred thirty-six cultures isolated from whooping cough patients, at times rang- 
ing from before onset to the thirty-fifth day of the disease, were found to fall into the 
same serologic group. 10 llle 
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ULCER, Oral Administration of Metaphcn in the Treatment of Gastric and Duodenal, 

Trippe, C. M. Ann. Med. 6: 5)01. 15>:i:i. 

Metaphcn, in i solution, was given orally to patients with symptoms of chronic- 
abdominal distress in the dose of •! e.c. three times a day with very gratifying results. 

The material presented included an analysis of S2 eases, 20 of gastric and 00 of duodenal 
ulcers. Complete x-ray studies were made of 2 7 of these eases; diagnosis was also confirmed 
in many cases by test meal and microscopic, study of gastric contents. 

Relief from pain was obtained in practically all cases in an average of three days’ time. 

No toxic effects were ever observed. 

Complete disappearance of gastric and duodenal ulcers consequent upon treatment with 
nietaphen has been demonstrated by means of x-ray studies, made before and after treat- 
ment. 

A possible explanation of the action of metaplien, primarily a bactericidal agent, may 
lie in the part played by infection in the evolution of ulcers of the type considered, as has 
been recently emphasized by several authors. 

SPORE STAIN, Modification of Doraer’s, Snyder, M. A. Stain Tcehn. 9: 71, .1934. 

(1) Make a thin film of the organisms on a slide. (2) Cover with a small piece of 
blotting paper and apply several drops of freshly filtered Ziehl’s earbol fuclisin. (3) Allow 
preparation to steam five to ten minutes on a hot plate, keeping the blotting paper moist 
with earbol fuchsia. (4) Decolorize instantaneously with !)5 per cent alcohol and wash 
with water. (This step may be omitted if the spores do not hold the color well, but in gen- 
eral a neater looking preparation is obtained with its use.) (5) Apply a drop of saturated 
aqueous nigrosin and spread evenly and thinly over the smear. Allow to dry quickly on the 
hot plate. 

The results obtained (spores red and the vegetative parts of the cells almost colorless) 
are very similar to those of the unmodified Dorner technic. The procedure is simpler and 
quicker and is more successful in many cases. The above technic gave good results with 
spore-formers identified as the following: Bacillus megatherium, B. niger, B. ccrcus, B. my- 
coicles, and with some cultures of B. subtiUs (Marburg strain). The unmodified Dorner 
method is quite unsatisfactory for the last named organism ; this modified technic is better, 
but does not give uniformly good results with all strains. 

FOCAL INFECTION, Necessity for Revising the Common Conception of, Solis-Cohen, M. 

J. A. M. A. 102: 1128, 1934. 

The common conception of focal infection concentrates attention on the infected tissue 
rather than on the infecting bacteria. 

When the physician speaks of eradicating a focus of infection, what he really means is 
removing infected tissue, such as tonsils or teeth, or draining and cleaning out an infected 
cavity, such as a nasal accessory sinus. 

Infecting bacteria seldom are confined to a circumscribed area of diseased tissue but are 
present also on adjacent tissues, which may be apparently free from disease. 

Enucleating of diseased tonsils does not necessarily remove the f ocas of infection, be- 
cause the infecting organisms may still remain in tonsillar stumps, in recurring tonsillar tissue, 
in infratonsillar lymphoid tissue, and on tlie apparently normal mucous membrane of the 
tonsillar fossae and the nasopharynx. 

A focus of infection in a nasal accessory sinus is not necessarily eliminated by treatment 
or operation, because infecting bacteria may still persist there. 

Such expressions as “removal” or “elimination” or “eradication” of the focus of 
infection should be avoided when one is describing tonsillectomy or sinus treatment or opera- 
tion. 

The conception of focal infection should stress the bacterial element and regard the 
causal germ as the chief infecting agent. 
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Surgery alone cannot remove nil t lit; infecting organisms, which cun In* overcome 

only by tlic patient's defensive forces. 

The elimination of a focus of infection requires the production of bnctericidiiw and 
other antibodies to destroy the infecting bacteria and render their toxins harmless, which 
can be aided by hygienic measures but. in many eases needs the artificial stimulation of a 
potent vaccine containing the proper antigens obtained from the infecting bacteria. 

The pathogen-selective culture selects the etiologically important, organism from a mixed 
euitnre, and the vnreine made from it eontnins both the endotoxins and the soluble exotoxins 
of the infecting bncterin. 

tV hen, in addition to the extirpation of neeessible find removable diseased tissue that 
has become a favorable soil for tho propagation of the infecting germs, the required specille. 
antibodies have been produced in sufficient quantities to overcome the infecting organisms 
and their toxins, tho focus of infection can truly be said to be eradicated at both tin; primary 
and the secondary foci. 

TUBERCULOSIS, An “Acid-East' ' Other Than Koch's Bacillus Cultivated Erom Sputum, 

Cummins, S. L., anil Williams, E. M. Tubercle, London 15: -P.t, lPffil. 

The patient was a woman suffering from scute pulmonary disease, which had come on 
shortly after a confinement. The picture was that of acute phthisis, but the. sputum lmd 
been reported negative on several occasions. The authors found in n sample of sputum 
numerous acid-fast bacilli, scarcely distinguishable from tubercle lmcilli but showing n few 
carious “balls” of curved rods, which were sufficiently peculiar to raise the question of an 
unusual morphologic type. Erom a culture a growth was obtained and from another sample 
of tho sputum sent to Griffith six weeks later the same organism was cultivated. Whether the 
germ was merely an adventitious saprophyte or the causative organism of tho severe pulmonary 
disease from which she suffered must remain open to question, as opportunities for further 
biologic tests were refused. The authors emphasize the fact that the finding of neid-fast 
bacilli in tlie sputum is not necessarily positive proof of tuberculosis. The importance of 
cultural verification in all doubtful cases cannot be stressed too much. 

HEMOPHILIA, Negative Effect of Prolonged Administration of Ovarian Substances in, 
Stetson, R. P., Eorkncr, C. E., Chow, W. B., and Rich, M. h. ,T. A. M. A. 102: 1122 
itm. 

The coagulation time of the blood of seven patients with hemophilia was observed re- 
peatedly during treatment with ovarian substance or estrogenic substance. Large amounts 
of one or another of eight different preparations were given over periods of from twenty- 
eight to eighty-one days. In no instance, was the coagulation time or the venous blood found 
to be depressed as the result of such therapy. Thcelin (estrogenic substance) administered 
subcutaneously to two patients for from three to seven days neither stopped blooding nor 
reduced tho clotting time. 

Estrogenic substance was demonstrated consistently in the urines of these patients both 
under ovarian therapy and during control periods. No correlation could be established 
between the quantity of estrogenic substance excreted in the urine and the fluctuations of tho 
blood coagulation time. 

No clinical improvement was noted which could be attributed to ovarian therapy In 
four of the patients hcmurlhroseH developed without obvious trauma or infection into in tho 
course of treatment. 
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The International Medical Annual" 

"Yy 71IILB it is true that the progress of medicine is reflected in the current medical literature 
''' and that the articles of today are often, as it were, the textbooks of the future, it is 
also true that few arc either in a position or have the time to follow the enormous mass of 
medical publications which fill the journals every year. 

This was the genesis of the International Medical Annual, now in its fifty-second year, 
which has for its purpose the presentation of a conspectus of current medical literature. 

The purpose of these volumes is too familiar, and the issues each year too well known 
to require extended comment. The present issue maintains the standards set by its pred- 
ecessors. 

The plan of the work, which is, as it were, a dictionary of practical medicine, when 
coupled, as it is, with a comprehensive index, enables rapid reference fo the contents; what 
cannot be found readily in the body of the text is easily located in the index so that the 
practitioner in search of specific information may find it quickly accessible. 

While the book is primarily a review and survey of the literature of the year, and hence 
limited as to content to what has or lias not been published, many special reviews and articles 
are included independently of the literature. 

The annual can be commended as a comprehensive survey presented in a readable and 
usable manner. 


Pathogenic Microorganisms! 

'T’HIS book needs no introduction, having long been an outstanding standard text 

As heretofore the volume is divided into three main sections: Part I concerned with 
the general characteristics and methods for the study of pathogenic microorganisms; Part II 
discussing the pathogenic microorganisms individually; and Part III (“Applied Micro- 
biology”), presenting methods for the examination of water, air, soil, shellfish, milk, and a 
practical discussion of disinfection and sterilization. 

This tenth edition represents a thorough and comprehensive revision bringing the 
volume in accord with all the recent developments in this field. 

Among the changes are a revision of the chapter on microscopic technic; a discussion of 
the newer types of pneumococci and the newer studies of the colon-typhoid group; a discus- 
sion of the present status of B. C. G. vaccination ; recent studies in bacterial metabolism ; 
recent studies in the preparation of diphtheria toxin and an evaluation of the flocculation test 
for the determination of its antigenic value; a revision of the section on spirochetes and of 
the section on filtrable viruses; newer studies in the examination of milk, water, and shell- 
fish, and a revision of the chapter on hypersensitiveness. 

*The International Medical Annual, A Year Book of Treatment and Practitioner’s Index. 
Edited bv H. Letheby Tidy and A. Rendle Short. Cloth, 573 pages, 69 plates, 101 drawings. 
William Wood and Co., Baltimore. 

tPathogenic Microorganisms. By William Hallock Park, M.D., Professor of Bacteriology 
qnd Tlvgicne University and Bellevue Hospital Medical College, and Anna Wessels Williams. 
M D Assistant Director, Bureau of Laboratories, Department of Health. Mew York City. Cloth. 
Ed. 10, PP. £07, 215 engravings, 11 color plates. Lea and Febiger, Philadelphia. 
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Included, also, ate discussions of the practical experience of (lie authors with active 
immunization against diphtheria and scarlet fever and the results of recent studies in yellow 
fever, undulant fever, and poliomyelitis. 

The familiar summary table has been extensively revised. This is such a useful form 
of rapid reference that one wishes it. were in sections which could be removed, mounted, and 
made readily available in the laboratory. 

This book, like its predecessors, may be recommended in the highest, terms and without, 
qualification as oac of the most, valuable texts in this field, not. only for tbe laboratory worker 
but for all who are interested in medicine and allied subjects. Certainly no hospital, board 
of health, or clinical laboratory can afford to be without it. 


An Introduction to Practical Bacteriology* 

'"PIUS, the fourth edition of a well-known laboratory manual, lias been completely revised to 
include recent developments in tbe field of bacteriology. 

The volume retains its original purpose as primarily a guide to the practical lahoratory 
study of bacteriology and consists of three main sections. Part I is introductory and in a 
brief and general way discusses the biology of bacteria and immunity in its relation to prac- 
tical bacteriology; Part II is devoted entirely to bactcriologic and serologic technic; while 
Part III presents a description of pathogenic and commensal organisms, as well as the 
methods applicable to the bactcriologic diagnosis of various infections. 

While intended primarily for the student the volume may well be considered a useful 
reference work for the physician and laboratory worker in general. As is commonly true 
of European texts, while the American literature has not been neglected, tlic references are 
predominantly European in origin. This docs not, however, detract from the general useful- 
ness of the work. 

This book may ho recommended to all who arc interested not only in bacteriology per se 
but also in its practical application to the study of disease. 


Treatment of the Commoner Diseases! 

HTHIS book is based upon ten lectures constituting a postgraduate course of instruction 
1 and, as the title shows, is concerned with those disorders commonly encountered in general 
practice. 

Although in this age of specialism the fact appears at times to be somewhat lost sight 
of, it is nevertheless true that no specialty demands the comprehensive knowledge and ability 
essential to the efficient conduct of a general practice. Eor the general practitioner * to bo 
truly efficient, should be, first of all a specialist in diagnosis. ' 

Few men have bad a more comprehensive experience or are better fitted to write such a 
volume as this than Professor Barker, whose task, as outlined in the preface, has been well 
performed. " 

The voIumc is in 110 scnse a formular >-- wisely, Professor Barker, emphasizing its 

essential importance, had discussed the signs, symptoms, and diagnosis of the commoner 
diseases, embodying a comprehensive survey of the important and useful contributions which 
have appeared in the recent literature. 

olosy. ' ■ . d J^Mc cSine^KI?' D^ectoV ] R?searcf feS Tw° f fu Bacl:eri ' 

Service ■ Ed. 4. cloth, 504 naaes Wilif™ f ! a I? cl Pathological 

■{•Treatment of the Commoner Diseases Bv Lewpllv* v t? Wood & Co., Baltimore. 
Medicine, Johns Hopkins University. Cloth, ^ of 
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Throughout tlie volume there appears, of course, the therapeutic experience garnered 
from his oun years of practice but the main purpose of the volume is to afford the practitioner 
an opportunity to become familiar with recent advances and to suggest sources for collateral 
reading in those subjects in which his particular interest may be centered. 

The book may be recommended as comprising in small bulk a wealth of information 
clearly put and readily applicable to the problems of the practitioner at large. 


Brucella Infections in Animals and Man* 

T HAT the disease once known as “Mediterranean fever,’’ the cause of which was first 
described by Bruce in 1SSG, Bang’s “abortion disease’’ in cattle, the cause of which 
was first described by Bang in 1 Sf>7, and the very similar disease in sows first described by 
Traum in 1914, are all the result of infection with a single bacterial species, the Brucella, 
and that all three of these organisms are the cause of the disease in man known as undulant 
fever, is now a matter of common knowledge. 

Undulant fever, moreover, as has been shown by the work of many investigators, is now 
recognized as a common and widespread infection which, because of its clironieity and 
manifestations, is of great importance. 

The present manual, concerned principally with the methods of laboratory diagnosis 
applicable to its recognition, is a most timely publication which should be gratefully received 
by both laboratory worker and physician at large. 

The author, Dr. Huddleson, has long been known for bis extensive and varied studies 
in this field so that tlie text may be regarded as authoritative and based upon first-hand 
knowledge. 

The idea of the work is to present the fundamental information concerning the disease 
and laboratory methods found satisfactory for its study, and to discuss these in such a 
fashion that the laboratory worker will be able to utilize them and the clinician will be able 
to interpret their results. 

That this objective lias been achieved the book itself is evidence. 

The thoroughness with which the subject has been covered is shown by the appended 
chapter headings: The Genus Brucella; Methods of Isolating Brucella; The Pathology of 
Brucella Infections; Serological Methods of Determining Brucella Infections; Allergic 
Methods of Determining Brucella Infections; Method of Determining Brucella Infections by 
Measuring the Opsono-Cytophagic Power of the Blood; and Methods of Differentiating the 
Species of the Genus Brucella. 

A bibliographical as well as general index add to the value of the book which will, 
without doubt, become the standard reference in connection with this disease. 


Recent Advances in Medicinef 


T HIS, the seventh edition of this well-known book, has undergone extensive revision with 
the resultant addition of over one hundred pages of new material and seven new figures. 
As before, tlie purpose of the book is to correlate the more recent advances in medicine 
as concerns the clinical and laboratory investigation of disease and, also, to a somewhat lesser 
extent, in the field of therapeutics. 


•Brucella Infections in Animals and Man : Methods of Laboratory Diagnosis. Bj- I. 
•Forrest Huddleson, Dept of Bacteriology and Hygiene, .Michigan State College. Cloth, pp. 10S, 
24 figures. The Commonwealth Press. New York. 

tp.ecent Advances in Medicine, Clinical, Laboratory, and Therapeutic. By G. E. Beau- 
„„ nt d Physician, Out-Patient Department Middlesex Hospital, etc., and E. C. Dodds, M. V. 
o Professor of Biochemistry, University of London. Ed. 7. cloth, pp. 4S5, 59 illustrations. P. 
Blakiston’s Son & Co., Philadelphia, Pa. 
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The general manner of presentation remains the same; first, the description in some 
detail of the methods of investigation applicable to the formation of a diagnosis; second, a 
discussion of their significance and interpretation; and finally, somo discussion of treatment. 

"Wherever a particular procedure is referred to, its technic is described in sufficient de- 
tail to enable the reader to attempt it although, as is unavoidable, for many of the procedures 
the clinician in general will have neither the equipment, the shill, nor the skilled help necessary. 

Nevertheless, the value of any method of study, laboratory or otherwise, is enhanced 
by an understanding of tbe principles upon which it is based and of tlie various factors 
which may influence or interfere with its results, and, where the physician maintains his own 
laboratory, the book will be found a safe technical guide. 

The needs of the clinician are kept, in mind throughout the volume as witnessed, for 
example, l>y the careful discussion and tabulation of the high and low calcium diets, ketogcnic 
diets, and the various dietetic schedules applicable to tbe treatment of diabetes. 

It is questionable, however, whether the space given to the sauocrysin treatment, of 
tuberculosis will be justified by the final status of this drug. 

The volume well serves the purpose in view of furnishing to the student and clinician 
a useful Teferenec work embodying the more recent advances in the field of general medicine. 

This book may bo recommended to the physician at large. 


The Chemistry of the Hormones* 

'T'HE underlying purpose and intent of this book is to furnish for the student a connected 
account of the chemical characteristics of the hormones, so far as these are at present 
understood and to present to the laboratory worker desirous of preparing active hormone 
fractions or who wishes to isolate a chemically pure hormone, detailed descriptions of the 
methods available. 

The book is thus eminently practical both in concept and in the execution of the plan 
in view and within its nine Chapters can be said to present in a clear and satisfactory manner 
the present concepts of the chemistry of hormones. 

The subjects covered are: the thyroid hormone; the parathyroid hormone; insulin- 
the pituitary hormones; the adrenal hormones; the male hormone, the female hormones- 
secretin; and plant hormones. 

While, as indicated by the title, the volume is primarily concerned with the chemistry 
of hormones their physiological and clinical properties are also discussed. After each chapter 
is a list of the important references to the subject. Both a general index and an author’s 
index are appended. 

While the book is intended particularly for the student and laboratory worker by whom 
it should be heartily welcomed, it may well be utilized by the physician who desires to gain an 
understanding of these new therapeutic and diagnostic agents which seem destined to occupy 
a prominent place in the medicine of the future. 

This book can he recommended as a useful, authoritative, and comprehensive survey. 


•The Chemistry of the Hormones. Bv Beniamin -r. 

Chemistry, College of the City of New York Harrow, Ph.D. 

227. The Williams and Wilkins Co?. Baltimore. Ma , 1 R Sherwin - M - 


.Associate Professor of 
D. Dr. P. H. Cloth, pp. 
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EDITORIALS 


Skilled Labor? 

W ITHOUT doubt the first ostrich to thrust his head in the sand in order 
to hide from his enemies must have been greatly surprised on with- 
drawing it, to find them all about him licking their chops in ghoulish 
anticipation. 

The medical profession today finds itself in a somewhat similar predica- 
ment, for its head, so to speak, lias long been buried in the beautiful tributes 
paid to it in the literature of the past, such as the familiar homage of Robert 
Louis Stevenson and the less familiar but impressive saying of the philosopher 
Descartes who wrote: “If ever the human race is raised to its highest prac- 
ticable level, intellectually, morally and physically, the science of medicine 
will perform that service.” 

Having basked in the pleasant glow of such approbation .for lo! these 
many years, it is somewhat disconcerting to the physician now to find himself 
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accused of cntivc responsibility for the fact, that disease, its aftermath, and 
its management connote expense; and to observe, also, that the, management, 
of disease, heretofore thought properly to be his business, is now the target 
for all manner of “experts” to shoot at, let the arrows 1 all where they may 
even to the malting of a Homan holiday, as it were. 

As long as there are human beings there will he injury and disease to 
incapacitate them, and as long as this is so some arrangement, must be made 
to take care of them. These facts arc incontestable but, somewhat strangely, 
what these measures shall be. bow they shall he inaugurated, and in wlmt 
manner they shall be carried out, are matters which arc passing, if they have 
not already done so, from the hands of the medical profession. 

On second thought this is not so strange, after all, for the medical pro- 
fession has had no small share in the development of this situation. The 
problem itself, which recently has come to he spoken of as “medical eco- 
nomies,” is as old as the profession but any discussion of it, in the past has 
been somewhat frowned upon as somewhat undignified and tainted by com- 
mercialism; and despite its importance, immediate and personal, many have 
become somewhat weary of the apparently endless and, it must be said, some- 
times pointless discussions of it without which few county society meetings 
can nowadays be held. 

No one denies that the subject is one well worthy of discussion and con- 
certed action but that concerted action toward a clear-cut and definite end 
will be initiated by the medical profession itself the experience of the past 
leads one to doubt, first, because medical economics has never before been 
the subject of frank discussion by physicians, and second, because, very prob- 
ably, few doctors realize that the profession itself is in no small measure re- 
sponsible for the situation in general. Perhaps a still further reason may 
be in the fact that the medical profession has long been obsessed with its 
ideals whereas the solution, if there be one, of the present problem will de- 
pend, not upon ideals, but upon what are usually spoken of as business prin- 
ciples, and the doctor lias long prided himself upon being no business man 

The doctor, with some justice, may resent the bland usurpation of tlie 
right to regulate his profession by the various philanthropic, economic ef- 
ficiency, and other experts who appear to have taken over tlie job but there 
is little reason, after all, for excessive surprise at their appearance. For 
medicine has been preparing the way for them for centuries aud has been 
building within itself a Frankenstein, although until present times there has 
been reluctance to recognize this and a tendency to smother the occasional 
voice which now and then has been heard crying in the wilderness 

Few, indeed, of the thousands of young men graduated in medicine have 
ever heard a word indicating that, while medicine is a profession of vital 
importance and inherent dignity, it is also a business, the business of con 
trolling disease and, incidentally, of making a living for those who practice it 
• There is nothing impossible in the association of an ideal with a business 
just as there is no disgrace in professing openly that one is earnestly engaged 
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in making an lionest living but this latter aspect of medicine has somehow 
been kept under cover as being in some fashion incompatible with professional 
ideals. 

And so, although responsibility for the care of the sick and indigent is 
not an individual but a community responsibility, the community has man- 
aged to saddle the doctor with the heaviest share of the load, as shown by 
the growth and expansion of hospitals and their activities until they are now 
actively engaged in the competitive practice of medicine. 

Only recently has the doctor begun to realize this and he has yet to 
fully appreciate in some measure that it has come to pass and been made 
possible solely because of his connivance and active assistance without which, 
indeed, it could not be possible. 

Poverty and disease are inescapable ills and certainly the responsibility 
for their existence is not primarily the physician’s. Nevertheless when the 
poor are sick the doctor has to answer for them as if he were responsible 
for them. 

Exposure and lack of food leading to lessened resistance are admitted 
factors in the incidence of disease. Even so, no one expects the builder to 
supply houses, the grocer to furnish food, or the clothier to hand out over- 
coats. 

When disease occurs the community through taxes and contributions has 
furnished hospitals to which the poor can go. 

The doctor, too, has through taxes and contributions also contributed to 
their upkeep, but it has not always been clearly appreciated that without his 
additional time-consuming, laborious, and personal services hospitals would 
be just buildings of no use per se to the sick. 

Oddly enough, the public in general, even the intelligent public, is largely 
ignorant of the fact that physicians are not remunerated for the time spent 
in hospital free wards and dispensaries. Nor do even the doctors appreciate 
that, according to the statistics of one large city, 81 per cent of doctors are 
on hospital staffs and G7 per cent devote an average of seven or eight hours 
per week to dispensary work entirely without remuneration. Moreover, at 
least 35 per cent of patients receiving free care are not really entitled to it. 

Although the business of treating disease is the function of the doctor, 
as it is conducted in the hospital, he has little or no control over how it shall 
be done and little if any voice in its management. The lay Board of Man- 
agers decides upon the rate to be charged in “free wards,” money allocated 
to the hospital entirely, and decides who may or may not be charged for the 
professional services rendered. The lay social service worker decides whether 
or not a dispensary patient shall receive treatment. 

Although it is the inalienable right of every physician to decide who 
shall be treated free, this is decided for him by clerks, not always efficient, 
of the social service departments subservient to lay boards of trustees and 
the superintendent, seldom a ph.ysician. 

Hospitals are largely lay managed and lay controlled and the doctor is 
fast becoming merely the skilled labor employed by them, with this differ- 
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cnee: that unlike all other forms of skilled labor be works for nothing awl, 
apparently, likes it. 

So hospitals have grown to mammoth industries based upon the unrcc- 
ompensed. unrecognized, and unappreciated work of the doctor who now 
finds them actively engaged in competition with him through the insurance 
schemes now advocated and partly in practice and Ihe indiscriminate abuse 
of their free facilities. 

It is small wonder that, in view of the fact that when the cost of medical 
care is analyzed the cost of hospital cave bulks large indeed, that the doctor 
— a few of him, at least — is beginning to wonder if the worm might not 
venture a turn or two. At least, so they think in Australia where very re- 
cently a movement was inaugurated to secure concrete monetary recompense 
for the hospital work heretofore done for nothing by the doctor to his own 
gradually increasing, and now acute, disadvantage. 

It would do hospitals and their managements no harm to consider just 
how they would carry on without the skilled assistance rendered freely by 
the doctor. The picture would be at least interesting. 

— B, A. K. 


The Bacteriologic Study of Food Handlers 

O NE of the modern prophylactic provisions designed to lessen the incidence 
of diseases in the spread of which the carrier is regarded as of importance, 
is that which calls for the bacteriologic study of food handlers, a. l-egulation 
which may be said, without injustice, to be more honored in the breach than 
in the observance. 

Certain it is, however, that whenever an outbreak of enteric disease oc- 
curs there is a common tendency to demand a bacteriologic survey of all 
food handlers or persons engaged in other occupations which might render 
them a menace. 

In view of the time, the labor, and the expense involved, it is well worth 
while to consider the results achieved, to balance these two factors, and to 
ascertain if the results warrant the effort expended. 

Memory recalls an instance somewhat to the point which occurred dur- 
ing the World War. 

In one of the infantry regiments of a certain division withdrawn from 
the line for rest, refitting, and replacement, there occurred a few cases diag- 
nosed as typhoid fever and which, of course, were of interest. The history 
of the outbreak revealed that, despite the general orders to the contrary, 
this regiment on its way back from the front had neglected consistent 
chlorination of drinking water and had nsecl the raw, untreated and com- 
monly polluted waters of the French countryside. This information, coupled 
with the knowledge that antityphoid vaccination had not always been com- 
pleted in the raw troops hastily sent overseas, seemed to furnish an explanation 
of the occurrence of a few cases of typhoid fever. But the powers that be 
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decreed that a search for carriers must he made and, accordingly, two officers, 
twelve enlisted men and a complete portable laboratory outfit traveled from 
the Central Medical Department Laboratories at Dijon to a small village 
“somewhere in France" and cultured an entire regiment at that time 1,800 
strong. 

The net result was the discovery of one carrier of B. parafyphosus B., 
picked up while with the National Guard on the Mexican border. 

The moral of this tale, if any, is that there may be more to the study and 
control of enteric outbreaks than isolated bacteriologic studies, to which fact 
attention has recently been called by Gilbert and Coleman 1 in discussing the 
examination of food handlers in state hospitals after outbreaks of typhoid 
fever had occurred in two. 

In one hospital the examination of 116 specimens from 53 food handlers 
was without result. In the other, two carriers of B. iypliosus and one of B. 
parafyphosus B. were found after the examination of 2,053 specimens from 
813 food handlers. 

The next result of the examination of 2,169 specimens, therefore, was the 
detection of three earriei's one of whom, from a consideration of all the evi- 
dence, was probably not a carrier but recovering from an unrecognized 
infection. 

As Gilbert and Coleman comment, assuming that, when large numbers 
are handled the average cost of an examination for B. iypliosus is about $2.00, 
the total cost involved in the detection of one carrier under the circumstances 
above, was $1,500. 

As they pertinently remark, since by the ordinary methods of examina- 
tion of food handlers involving the study of one or two specimens every carrier 
will not be picked up, and since even when extensive studies are carried out 
only a relatively small percentage of positive findings will be encountered, 
a false sense of security results. 

It should be emphasized, repeatedly, if necessary, that a study of en- 
vironmental factors, careful history-taking and a thorough survey of all the 
factors accompanying and preceding the outbreak is an essential sine qua non 
in the study of enteric outbreaks. Not only is the information thus obtained 
of great value in itself, but, in addition to that fact it may be secured without 
extraordinary expenditure. 

Moreover, it greatly enhances the value of the bacteriologic studies by 
enabling a selection of those to be examined, namely those who have had 
enteric disease, colitis, cholecystitis, etc., or whose immediate associates have 
had typhoid or paratyphoid infections. 

Such a program, of course, is subject to modification as, for example, 
when cases of enteric disease occur along a milk route or among the patrons 
of a restaurant. In such a case, when the carrier is not form d among those 
with a suggestive history, where he should first he looked for , then all the food 
handlers concerned should be- examined. 
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When the outbreak under study suggests dysentery the problem is still 
further complicated by the fact that, as has recently become evident, organ- 
isms not included in the well-known dysentery group and heretofore regarded 
as nonpathogenic may be of ctiologic importance. 

Welch and Mickle, 2 for example, have recently reported the occurrence 
of dysentery -like diseases apparently caused by FhiyclUi alkalescent; and typhoid- 
like diseases accompanied by invasion of the blood stream by intestinal bac- 
teria ordinarily without ctiologic relationship to disease have been reported 
by others. 

Bactcriologie surveys are too often ordered or deemed advisable without 
previous thorough studies of the outbreak which at times may definitely re- 
strict the number of those to be examined while at the same time increasing 
the effectiveness of the laboratory study, and very often without a full realiza- 
tion of the expenditure of time, labor, and money involved. 

West, Borman, and Mickle 2 in analyzing the examination of milk handlers 
over a period of seventy-seven months report that the total cost involved in 
the conduct of 91,257 examinations was $48,048 ; the average cost of detecting 
each of the 71 carriers found being $G77. 

While the per capita cost per consumer per annum was less than two 
cents in 1933, the cost per carrier varied from year to year, from a minimum 
of $387 to a maximum of $3,843. 

It is profitable to consider, as suggested by Gilbert and Coleman, the more 
effective results to be expected if similar sums were expended in the pasteuri- 
zation of products wherever possible, the improvement of sanitary facilities, 
the provision of training in personal hygiene, the removal from work and the 
treatment of food handlers who are obviously ill, the careful study of epi- 
demiologic factors, and the examination of series of specimens from indi- 
viduals whose history or clinical manifestations warrant it. 
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CORRESPONDENCE 


Dear Sir: 

I have read the article, “The Bactericidal Power of Blood,” by Dr. Jtetiben Ottenbcrg 
and find that his results are not only at variance with those observations published by me in 
the Journal or Laboratory and Clinical Medicine, October, 1933, but they do not agree 
with the authors cited in that paper. Ilis conclusions nppear, also, to be not in accord with 
that part of Cecil’s technic which deals with the clotting of the blood in the isolation of 
streptococci from the blood stream. 

The technic used by Dr. Ottenbcrg is open to criticism as mentioned by Toplcy and 
Wilson, “The Principles of Bacteriology and Immunity,” Vol. I, page 170, and it may be 
that the results obtained were due to this technic. 

Topley and Wilson (same page, etc.) state, “Other organisms, for instance most staphylo- 
cocci and streptococci, are not killed by normal or by immune sera.” Dr. Ottenbcrg 's find- 
ings do not agree with this. 

Recently, I found Dr. abortus alive after three months in a defibrinated blood culture. 
At the time of obtaining this culture, the serum had an agglutination titer of lAooo- The 
culture had been kept at 3o° C. 

Frederick W. Siiaw. 

Medical College or Virginia, 

Richmond, Va., 

March 5, 1934. 
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CLINICAL AND EXPERIMENTAL 


AN ABRIDGED KEY TO TIIE 


GENERA OP PATHOGENIC FUNGI* 


Predekick W. Shaw, M.D., Richmond, Va. 


I N PRESENTING this key for the rise of clinical pathologists, the aim has 
been utility rather than an attempt at a natural system. No attempt has 
been made to place the ringworm fungi (Dermatophyta) in any systematic 
position, because this appears to be impossible at this time. Likewise, a few 
of the other pathogenic fungi have been classed as Genera ■ Dubia for the same 
reason. 

Under the Genera Certa have been placed those fungi whose characters 
are such that they may be classified, that is as far as this term may be used 
in relation to the Fungi Imperfecti. 

This key contains the genera of most of the pathogens and the majority 
of the nonpathogens encountered by the medical bacteriologist. 

A. DERMATOPHYTA. Parasitic and saprophytic forms in the skin and 
hair of man and other animals. 

1. Parasitic 

a. Conidia of one kind in culture, fuseaux (Pig. l- a ) 

1. Epidermophyton 

b. Conidia of two kinds 
(1) Artlirospores present 

(a) Aleuri0s P°res Present (Pig. 2-a) ; fuseaux absent 

* v, reinia . 
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2. Trichophyton 

(b) Aleuriospores and liypliae with dicliotomous subglobo.se 
or clavate apical branches 

3. Achorion 

(2) Artlirospores absent or imperfect 

(a) Artlirospores absent; aleuriospores and fuseaux present 

4. Microsporon 

(b) Artlirospores imperfect; fuseaux absent 


2 , 


5. Endodermophyton 

Saprophytic 

a. Clusters of spores and mycelium in the skin 


6. Malassezia 

b. Nodules on the hair 


7. Trichosporum 

B. GENERA DUB I A 

1. Cause the white grain mycetomas 

8. Indiella 

2. Cause the black grain mycetomas 

9. Madurella 

3. Cause blastomycosis and coccidioidal granuloma 

10. Blastomycoides 

C. GENERA CERTA (seiisu lato) 

1. Mycelium nonseptate 

I. Phycomycetes 


2. Mycelium septate 3 

3. Reproduce by tliallospores 4 

a. Reproduce by liemispores 

11. Hemispora 

b. Reproduce by conidiospores 5 

4. a. Reproduce by artlirospores 0 

b. Reproduce by blastospores 7 

5. a. Conidiophores present 

1. Sterigmata (phialides) absent 


II. Conidiophoralcs 

2. Sterigmata present 

VI. PhiaUdineac 

b. Conidiophores absent 

1. Conidia are aleuriospores 

VII. Aleuriosporineae 

2. Conidia isolated and inserted directly on the hypliae 
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VIII. Kporotrichincac 

0. Cultures form a scum on liquid medium and ycnsllikc growth on 
solid medium 

7.Y. Myrodrnnrao 

7. a. Dark colored 8 

b. Bright, or colorless 9 

S. Conidin globose, ovate, oblong or short cylimlrie 

a. Conidin one-eelled, continuous 

1. Conidiophores nnbranehed or sparsely so 

12. Dcmatium 

2. Oonidiophores branched, treelike 

13. Haplographium 

b. Conidin two-celled 

14. Cladosporium 

9. a. Mycelium present 

1. Ascospores (Fig. 41) absent 

15. Monilia 

2. Ascospores present 

16. Endomyces 

b. Mycelium not present 

A'. Crypt ococcaccae 


I. Phy corny cctcs 

A. Stolons present 

a. Sporagniophores branched; columella ovoid, narrowed at the base 

17. Rhizomucor 

b. Sporangiopliores not branched 

1. Sporangiophores arise at the nodes of the stolons 

18. Rhizopus 

2. Sporangiophores arise at the internodes 

19. Absidia 

B. Stolons not present; rhizoids not present; hyphae branched 

20. Mucor 

II. Gonidiophorales 

A. Hyphae compact forming a globose, discoid or wart-shaped body. 

III. Tuberculariaceae 

B. Not as above 

!. Hyphae in loose cottony masses, conidia or hyphae dart, sometimes 


IV. Dematiaceae 
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2. Hypliae and conidia liyalinc or bright colored 

1’. M oniliacmc 

III. Tubcreulariuccac 

Hypliae and conidia hyaline or bright- colored; conidiopliores mostly den- 
troid or vertieillate ; conidia more than two-celled, fusoid. curved, rarely in 
chains; sporodochia with bristles. 

21. Fusarium 
7F. Denial iaccac 

A. Conidia in chains 

22. Alternaria 

B. Conidia not in chains 

a. Conidia dark, exogenous 

1. Conidiopliores simple 

23. Acrotheca 

2. Conidiopliores whorled much below apex 

24. Phialophora 

b. Conidia mostly single and borne at tip, rarely clustered 

25. Acremoniella 
T. MoniUarcac- 

A. Conidia one-celled 

a. Conidia in heads 

1. Conidiopliores unbranched 

26. Cephalosporium 

2. Conidiopliores branched 

27. Trichoderma 

b. Conidia borne irregularly on hypliae 

28. Acremonium 

B. Conidia two-celled or more 

a. Conidia two-celled 

1. Conidiopliores simple or nearly so; conidia capitate 

29. Cephalothecium 

2. Conidiopliores irregularly branched 

30. Diplosporium 

b. Conidia more than two-celled 

31. Allantospora 

VI. Phialidincae 

A. Conidfophores inflated at apex 
a. Sterigmata unbranehed 

1. Sterigmata relatively long 
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32. Citromyces 

‘2. Si original a relatively short 

33. Aspergillus 

h. ttteriginata branched 

34. Sterigmatocystis 

B. ('onidinphoros not inflated at apex ; vertieillately branched and unequal 

35. Penicillium 


VII. Alai rios ]>nri near 

A. llyphae pale, elongate 

a. Sporogenous apparatus but little differentiated from the mycelium 

36. Acladium 

b. Sporogenous apparatus well dift’ereaitialcd 

1. Aleuriospores colored 

37. Aleurisma 

2. Aleuriospores pale 

38. Corethropsis 

B. Hyphae dark; aleuriospores become dark 

39. Glenospora 

VIII. Sporoirichincac 

For practical purposes there is but one genus in this group. 

40. Eporotrichum 

IX. Mycodenncae 

A. Mycelium hyaline or bright colored 

41. Mycoderma 

B. Mycelium dark 

42. Torula 

X. Cryptococcaceae 

A. Ascospores not formed 

43. Cryptococcus 

B. Ascospores formed 

a. Spore membrane warty 

44. Debaryomyces 

b. Spore membrane smooth 

1. Ascospores globose or ovoid 

45. Saceharomyces 

2. Ascospores lemon-shaped or hat-shaped 

46. Willia 
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1. Epidermophyton Lang, 1S79. 

Hyphae and spores present in the 
lesions; pluriscptate spindles (fuscaux) pres- 
ent in the cultures; reproduction asexual, 
chiefly by the fusenux. Fig. 1 organism and 
coltmy. 



rip. I. — Kpldcrmoplijton. 


2. Trichophyton Malms ten, 

1848. 

Hyphae and spores present in 
the lesions; mycelial and conidial 
spores in cultures; neither perithiea 
nor asci present. The couidia arc 
aleuriospores (Fig. 2). 



FIk. 2. — Trlcliophylon. 


3. Achorion Iicmak, 

1845. 

Hyphae and spores in 
the lesions; spores situated 
apically and laterally on the 
hyphae, in cultures; arthro- 
spores, aleuriospores and 
fuseaux in cultures in the 
form of c 1 a v a t e apical 
branches; without perithiea 
or asci (Fig. 3). 



Flfr. 3. — Acliorion. 


4. Microsporon Gruby, 

1843. 

Hyphae and spores pres- 
ent in the lesions; spores are 
small, and about from 2 to 3 
u. in diameter. Aleuriospores 
and septate or nonseptate 
fusiform bodies present in the 
cultures. Organism in a hair 
and colony in Fig. 4. 



Fig:. 4. — Microsporon. 






SHAW: KKY TO (SICNKHA ()!■' l'ATlKKlKN’lC l'UN’til 


1 ]<) 


5. Endodonnopliyton Castellnm, 1000. 

Aleuriospores rnro nnd rudimentary; neither 
fusoaux nor necessary organs (spirnlly twisted myee- 
Hum) present; livphnc segmented; n few nrthro- 
spores may l>e formed. 

0. Mnlassczla II. Bnillon, 1SS0. 

Members of this genus pathogenic for limn have, 
not hecn generally cultivated. In the tissues the or- 
ganism appears as branched hyphno (segmented) and 
round or oval conidin, which may appear singly or in 
masses, nnd they may be smooth or have radial, long- 
itudinal, or spiral strintions (Fig. 5). 



FIkt. fi. — MnlnHseztn. 


7. Trichosponun Behrcnd, 1890. 

Hypliae branched, hyaline then dark. Arthro- 
spores produced. The cause of Piedra. Fig. G 
shows the lesion on the hair, the organism nnd 
colonies on dextrose agar. 



Fig. C. — Trichosporum. 


8. Indiella Brumpt, 1906. 

Hyphae septate, branched, without 

black pigment. Sclerotia white or yel- 
lowish. Parasitic in the tissues of va- 
rious animals. Not cultivated. 

9 . Madurella Brumpt, 1905. 

Hyphae septate, reproduction by 

fragmentation of the hyphae. The spores 
arc produced secondarily by binary di- 
vision of the articles of which they are 
fragments. These fungi produce black 
maduromycosis. Fig. 7, organism and 
colony on dextrose agar. 



7. — Madurella. 
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10. Blastomycoides Castellani, 1927. 

Budding forms appearing in the lesions as 
large roundish eells from S to 20 microns in 
diameter and even much larger, -with the proto- 
plasm containing a number of well-marked gran- 
ules or splieiulcs, and with the membrane show- 
ing a well-defined double contour; in dextrose 
agar cultures a large amount of mycelium is 
present. Fig. 8 shows the appearance of Blast, 
immitis in the tissues, and a colony on dextrose 
agar. Fig. 9 shows a colony, the growth mag- 
nified, and the Blast, gileliristi in the lesion. 



Tier. 0 .— Blast, gllchrlftl. 


11. Hemispora Vuillemin, 1906. 

Hypbae abundant, thin, septate, branched. 
Fertile hvphae branched at the base. These conid- 
iopbore branches are terminated by an ampnlli- 
form structure (protoconidhrm) which later is 
transformed into a series of sporelike segments 
(deuteroconidia) (Fig. 10). 



X'iC. 1( >. — llemisporii. 


12. Dematium Pcrsoon, 1797. 

Sterile hypliae creeping, little developed or form- 
ing a turf; eonidiophores erect, unbranclied or sparsely 
branched, septate, with lateral conidial chains. Co- 
nidia spherical, or ovoid, at times held together by 
short connecting cells; one-celled, dark colored (Fig. 



Fit:. 11. — Demntlum. 


13. Haplographium Berk. & Br., 1859. 

Sterile hvphae creeping or obsolete; eonidiophores 
reet, with treelike cluster of branches from which chains 
■f spores arise. Conidia one-celled, spherical or ovoid, sub- 
Uyaline, olive or dark colored (Fig. 12). 



Fie. 12. — Hnplosraphium. 
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M. Clndosporltun I.itik, 1S10. 

liyphne creeping, intricately branched; sept n 1 «* ; olive 
colored. Conidiophorcs nlmosl ('reel. Conidia in short 
chain? or Military, spherical and ovoid, at tirst one-rolled, 
then usually two- or more-celled, llnrmndendron is probably 
identical with clndosporium. Fig. lit shows the hyphne mid 
spores of cladosjioritttn. 



I’lir. la. — Clmliisporliini. 


15. Monllia (iemelin. 171*1. 

The present tendency among 
medical mycologists is to include in 
this genus those forms which in 
their parasitic life form mycelial 
threads and budding forms, and in 
liquid cultures produce threads and 
budding forms, while on solid media 
the form is that of the yeasts, with 
very few mycelial threads. Asci are 
not formed. Generally produce gas 
from carbohydrates. Fig. M shows 
colony growth and the appearance 
of Monilia from a liquid culture. 



FIc. 14 Manilla. 


16. Endomycos Eccss, 1S70. 

This genus lias the same description 
as for Monilia, except that asci and 
ascospores are formed. Fig. 15 shows 
the organism from a liquid culture, a 
colony on maltose agar, and an ascus 
with four ascospores. The ascus is drawn 
about four times the relative size of the 
vegetative organism. 



Fisr. 15. — Emlomyccs. 


17. Ehizomucor Lucet and Costantin, 1900. 
Rhizoids and stolons present; sporophores 
branched; columella ovoid, narrowed at the base 

(Fig. 10). 
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29. Cephalothecium Corda, 1S42. 

Hyphae prostrate; conidiophores erect, simple, sep- 
tate; conidia apical, subcapitate, pyriform to oblong, 
hyaline. Identical with Trichotliecium Link, 1824 (Fig. 
27). 



FIc. 27. — Ccplinlothedum. 


30. Diplosporiiun Bonorden, 1851. 

Sterile hyplme creeping; conidiopbores irregu- 
larly branched. Conidia ovoid or oblong, two-celled, 
hyaline (Fig. 28). 

31. Allantospora Wakker, 1895. 

This genus is distinguished from acrcmonium by 
the conidia in the form of sausages with rounded ends. 
These conidia are often grouped in a head. Conidia 
more than two-celled, imbedded in mucus, hyaline or 
bright colored. Conidiopbores distinct from the co- 
nidia, segmented. 



32. Citromyces Wehmcr, 1S93. 

Hyphae branched, septate; conidiopbores un- 
branched; conidia on sterigmata; conidia without mucus 
matrix (Fig. 29). 



FJjj. 2J). — CItromyres. 


33. Aspergillus Jlicholi, 1729. 

Sterile hyphae creeping, branched, septate; conidiopbores erect, 
inflated at the apex, unbranclied; conidia in chains, terminal on sterig- 
mata. Sterigmata relatively short. Fig. 30, showing sterignin (.?), and 
conidia (o). 



FIc. 30. — Asper- 
Klllllfi. 


34. Sterigmatocystis Cramer, 1SG9. 

Sterile hyphae branched. Conidiopbores erect, 
unbranched, distended at the apex in the form of a 
bladder or globule; sterigmata branched, with occa- 
sional simple forms; chains of conidia formed at the 
apex of the sterigmata (Fig. 31). 



FifiT. 31. — Steripmntocystls. 


35. Penlcillium Link, 1S09. 

Sterile hyphae creeping, septate; conidiopbores erect, 
apically irregularly verticillate-penicillately branched; co- 
nidia in chains, spherical or elliptical, hyaline or variously 
colored (Fig. 32). 



Fitr. 32. — Pendulum. 
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36. Acladium Link, 1809. 

Sterile liyphnc creeping, pale, 
elongate, septate; fertile hyphae lmt 
little differentiated; reproduction by 
simple aleuriosporcs, growing from 
the sides of the unbrnnclied sporo- 
phores. Fig. 33, organism and col- 
ony. 



T'ic. 33 — Aclitclliim. 


37. Aleurisma Link, 1809 (Vuillemin). 

Hypbae branched, pale, elongate, septate; reproduc- 
tion by simple aleuriosporcs; true conidiaphorcs absent; 
sporogenous apparatus well differentiated from the myce- 
lium; spores smooth, small, colored, grow at apex and sides 
of the sporophore (Fig. 34). 



38. Corethropsis Corda, 1839 (Brumpt). 

Hyphae septate, elongate, branched; reproduction 
by aleuriospores; true conidiophores absent; sporogenous 
apparatus well differentiated from the mycelium; spores 
simple, pale, small, smooth, at the tip and on the sides 
of the sporophore (Fig. 35). 



39. Glenospora Berkley and Curtis, 1876 (Brumpt). 

Hyphae pale, dark, septate, branched, elongate- repro 
duction by aleuriospores; true conidiophores absent-’ spore 1 
simple, becoming dark on light or dark hyphae, situated a : 
tip and sides of sporophore, small, generally 4 by 6 microns 
rarely 5 by 11 (Fig. 36). J J microns 
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40. Sporotrichum 
Link, 1800. 

Hyphae hyaline, 
much branched; septate 
or continuous; conidio- 
phores simple, short; 
conidia solitary or in 
groups on separate ste- 
rigmata, ovoid or sub- 
globose. Organism and 
colony shown in Fig. 37. 



Fig. 37. — Sporotrichum. 


41. Mycoderma Persoon, 1801. 

Hyphae septate, tough, diameter greater than 1 
micron. Thallus breaks up into spores (arthrospores). 
Form a scum on liquid mediums and yeast-like cultures 
on solid mediums (Fig. 38). 



42. Torula Persoon, 1801. 

Sterile hyphae decumbent; conidiopliores short, scarcely 
different from the conidia; conidia in chains, breaking away 
singly or in groups; dark to black, smooth or rough, oblong 
to fusoid (Fig. 39). 



Fig:. 39. — Toruln. 


43. Cryptococcus Kutzing, 1833. 

Budding forms without filaments; do not produce asco- 
spores; well-developed double contour. 

44. Debaryomyces K) ocher, 1909. 

Yeast-like organisms with the formation of single asco- 
spores which have a warted surface (Fig. 40). 



Fig-. 40. — Debaryomyces. 


45. Saccharomyces Meyen, 1838. 

Budding forms with smooth ascospores. Most species 
form from four to eight spores. Rudimentary mycelium 
occasionally present. Produce alcholic fermentation. Fig. 
41 shows the budding organisms and an ascus with four 
spores. 



Fig:. 41. — Saccharomyces. 
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46. WUUa Hansen, 1004. 

Budding forms with hat-slmpctl or lemon-shaped 
nscosporcs; generally do not produce nlcholic ferment n- 
tion; various esters produced which give characteristic 
odors. Form dry, wrinkled pellicles on the surface of 
liquid mediums. Fig. 42 shows a colony and budding 
cells with an ascus containing four spores. 



PlK. 43, — tVUUn. 


A PHARMACOLOGIC AND THERAPEUTIC STUDY OF BROMSALIZOL, 
OR MONO-BROM SALIGENIN* 


David I. Macht, M.D., F.A.C.P., and Fitzgerald Dunning, Pii.D., 

Baltimore, Md. 


INTRODUCTION 


I N 1918, as a result of an extensive and intensive study of opium alkaloids in 
* regard to the relation of their chemical structure to their pharmacologic 
action, one of the writers announced the discovery of interesting and valuable 
therapeutic properties exhibited by two chemical compounds. One of these, 
the ester, benzyl benzoate, exhibited a remarkably relaxant effect on the tonus 
of smooth muscle organs and an inhibitory action on their peristaltic move- 
ments; 1 while the other, benzyl alcohol, was found to be an efficient local an- 
esthetic. 2 In consideration of their low toxicity, clinical observations were 
made with these two drugs on a selected number of patients; and the favor- 
able therapeutic results obtained soon led to their widespread use in medicine 
and surgery. 3 - «• 5 > c When these discoveries had been made public, numerous 
investigators immediately began a search for analogous or other closely related 
compounds with the object in view of improving on the therapeutic value of 
the original substances. Thus, for instance, Hirschfelder pointed out that 
hydroxy-benzyl alcohol, commonly known as saligenin, which is found in Nature 
combined with dextrose in the glucoside, salicin, was also a local anesthetic hut 
more stable and more soluble in aqueous solutions than phenmcthylol Again 
Barbour® and coworkers 2 . 12 noted that not only benzyl alcohol, or phenmethylol 
possessed a local anesthetic action but that phenethylol and certain other closely 
. related, nonmtrogenous aromatic compounds exerted a similar effect With re 
gard to the search for a more satisfactory and efficient antispasmodic drug 
however, none of the compounds synthesized and tested up to this time has been 
foundto equal m its therapeutic value the oily and rather disagreeably tasting 
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ester, benzyl benzoate, which has retained its place for fifteen years in the 
armamentarium of the practicing physician, particularly for the relief of spastic 
dysmenorrhea and spastic conditions of the gastrointestinal tract. In the past 
four years, Dr. Fitzgerald Dunning and his associates in chemical research have 
been engaged in the preparation of a large number of compounds related to 
the benzyl esters, benzyl alcohol and to saligenin; 11 and these compounds have 
been subjected to a careful pharmacologic and toxicologic examination. As a 
result of such cooperation in research between chemist and pharmacologist, a 
series of compounds has been discovered which exhibit marked sedative or anti- 
spasmodic effects on smooth muscle preparations, more powerful than those pro- 
duced by benzyl benzoate, and which at the same time possess certain other in- 
teresting physical and physiologic properties giving promise of possible value 
in practical therapeutics. These compounds have been briefly described in two 
short preliminary papers. 12, 13 The most interesting of these is mono-brom 
hydroxy benzyl alcohol, to which we have given the name of Bromsalizol ; and 
this compound was made the object of a special intensive and extensive pharma- 
cologic examination. Inasmuch as interesting therapeutic observations have 
already been gathered in this connection, it is deemed desirable to describe the 
properties of mono-brom saligenin in this place, 

CHEMISTRY 

Bromsalizol is mono-brom hydroxy benzyl alcohol, or mono-brom salicyl 
alcohol; that is, a halogen derivative of saligenin with the bromine atom in the 
para-position to the hydroxyl group. Its structural formula is represented as 
follows : 

OH 

/\ 

j CH.OII 

\/ 

Br 

Analogous halogenated compounds with bromine, chlorine and iodine atoms 
in other positions have also been prepared and studied by us. Bromsalizol is 
a beautifully crystalline white powder with a melting point of from 107.5° to 
109° C. It possesses a faintly aromatic odor. 'When applied to the mucous mem- 
branes of the mouth or tongue, bromsalizol has first a bitter taste and then 
produces a sensation of numbness, which is, in fact, a marked local anesthesia 
effected by even small amounts of the chemical; and in this respect it resembles 
cocaine and other well-known local anesthetics. Bromsalizol is soluble in water 
to the extent of 0.5 per cent and a little more readily soluble in hot water. 
It is readily soluble in alcohol and ether, but only slightly soluble in other com- 
mon organic solvents. It can also be dissolved in oil. The drug is quite stable 
in both solid form and solution, and aqueous solutions do not reveal the growth 
of fungi because of a decided antiseptic action exerted by the compound. 
Although bromsalizol forms a sodium salt, when examined in this form it loses 
its characteristic physiologic properties. The free hydroxyl group is apparently 
necessary for the production of its characteristic physiologic effects. 
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TOXICOLOGY 

A very extensive and careful study of the physiologic, pharmacologic, and 
toxicologic properties of bromsalizol lias been carried on in our pharmacologic 
laboratory. Full data on the subject will be published in a more technical 
journal. The toxicity of this compound was tested on a large variety of living 
organisms— bacteria, plants, and animals. The toxicity for higher, warm-blooded 
animals was found to be remarkably low. The figures obtained for the dog, cat, 
rabbit, guinea pig, rat, mouse, and pigeon are shown in Tabic T. It will be 
noted that the lethal intravenous dose for rabbits, cats, and dogs was 250 mg. 
per kilogram of weight of the animals. Even large doses could be given by 
mouth. The largest number of toxicologic experiments were made on rabbits. 
It was found that the minimal lethal dose for rabbits was 0.5 gm. by mouth. 
We have repeatedly injected 25 e.c. per kilogram of weight of a 0.5 per cent 
solution of bromsalizol into the ear vein of a rabbit. Such injections had a 
sedative effect on the central nervous system or, at, most, produced a mild stupor, 
from which the animals invariably recovered. We have also had occasion to 
administer as much as 5 gm. of the drug in food to a bear cub weighing 
15.4 kilograms with no apparent effect. When fatal doses are administered 
intravenously to the rabbit, eat or dog, death is due primarily to paralysis of 
the respiratory center. After intravenous injection of massive doses of the 
drug, a depressant effect on the circulation is noted. After lethal doses have 
been administered by stomach tube, postmortem examination reveals a congested 
condition of the gastric and intestinal mucous membranes and a passive con- 
gestion of the kidneys. 

Table I 

Toxicity or Bromsalizol 


animal 

METHOD OF ADMINISTRA- 
TION 

DOSE PER KILO. 

RESULT 

Dog 

Dog 

Cat 

Rabbit 

Rabbit 

Rabbit 

Pigeon 

Guinea pig 

Guinea pig 

White rat 

White rat 

White mouse 

White mouse 

Cub (Ursus 
Americans) 

Bp stomach tube 
Intravenous injection 
Intravenous injection 

By mouth 

Intravenous injection 
Intravenous injection 
Injected under wing 
Intraperitoneal injection 
Intraperitoneal injection 
Intraperitoneal injection 
Intraperitoneal injection 
Intraperitoneal injection 
Intraperitoneal injection 
By mouth 

1.0 gm. 

0.25 gm. 

0.25 gm. 

0.5 gm. 

0.25 gm. 

0.1 gm. 

0.75 gm. 

1.0 gm. 

0.2 gm. 

0.4 gm. 

0.15 gm. 

0.5 gm. 

0.2 gm. 

0.5 gm. 

Fatal 

Fatal 

Fatal 

Fatal 

Fatal 

Mild stupor; recovery 
Fatal 

Fatal 

Mild depression; recovery 
Fatal 

Coma ; recovery 

Fatal 

Coma ; recovery 

No effect 


SALIENT PHARMACOLOGIC PROPERTIES 

Two striking pharmacologic properties are exhibited by bromsalizol when 
used in even very small doses. One of these is its effect on smooth muscle 
tissue; the other is its fiction on sensory, nerve endings 

A. Antimmodic Etfecf-Bromsalizol exerts a characteristic sedative action 
cm living smooth muscle fibers and organs containing them, producing a lower- 
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ing of the normal tonus of the muscle tissue and an inhibition of its spontaneous 
normal rhythmic contractions. This can be readily demonstrated on some of 
the organs in the whole animal in situ and can be still more strikingly shown on 
all smooth muscle organs when studied in vitro by means of the surviving muscle 
strip preparations suspended in warm, oxygenated Locke’s solution. The seda- 
tive and antispasmodic effect on the intestines can be readily observed in cats, 
rabbits, rats, and the dog after intravenous or intraperitoneal injections of 
aqueous solutions, when the abdomen is opened and the viscera arc inspected 
with the naked eye. The relaxation of the intestines may also be observed b.y 
direct application of the solution to the serosa, or the outer coat of the intestinal 
wall. This is followed by a vasodilatation and relaxation of the intestinal loop. 
We have also demonstrated the inhibition of intestinal movements by special 
experiments on rats in which the passage of intestinal contents after introduc- 
tion of the drug by stomach tube is measured by a special method described by 
one of the authors elsewhere. 11 

The best demonstration, however, of the antispasmodic and sedative or de- 
pressant action of small doses of bromsalizol on smooth muscle viscera is afforded 
by the study of surviving muscle preparations taken from various organs and 
kept in oxygenated physiologic solutions. In this way, we have performed 
numerous experiments on smooth muscle preparations from the intestines, uterus, 
gallbladder, urinary bladder, fallopian tubes, seminal vesicles, ureters, arteries 
and other organs from the rat, guinea pig, rabbit, cat, dog, bear, and wood- 
chuck. 

Pig. 1 illustrates the sedative effect of mono-brom saligcnin on an intestinal 
preparation from the cat; Fig. 2 show's the lowering of the tonus and inhibition 
of the contractions in the uterus of the guinea pig; and Fig. 3 illustrates the 
relaxation and inhibition of contractions on a muscle preparation from the 
fundus of the urinary bladder. Such antispasmodic effects can be produced by 
even weaker concentrations of bromsalizol than 1 :10,000. It will be seen from 
the illustrations that while the drug inhibits the rhythmic contractions of the 
organs and relaxes their spasm, this action is not equivalent to a complete 
paralysis and death of the tissue because the contractions can be started up 
again by the application of a suitable pharmacologic stimulant such as pilo- 
carpine in case of the intestinal preparation, ergotoxin in case of the uterus, etc. 
Comparative studies on the relative antispasmodic efficiency of saligenin alone 
and mono-brom saligenin revealed that the mother substance, saligenin, by 
itself, possesses but very mild sedative properties for smooth muscle while the 
brominated derivative is from five to ten times more powerful in this respect. 

B. Anesthetic Effect . — The other striking pharmacologic property of brom- 
salizol is its local anesthetic effect on nerve endings and nerve fibers. This local 
anesthetic action can be crudely detected by tasting the drug, when a marked 
numbness is imparted to the tongue and mucous membranes of the mouth. In 
order to ascertain more accurately the local anesthetic efficiency of bromsalizol, 
the writers carried out experiments by the following well-known pharmacody- 
namic methods: 
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1. Instillation of solutions into the conjunctival sac: Concent rations ot 
from 0.1 to 0.5 per cent of bromsalizol, tested on the rabbit’s eye by this method, 
exhibited a definite local anesthesia, as shown by the absence of corneal reflex. 

2. Studies on frogskin: Reflex frog preparations were used to study the 
response of the legs dipped in 0.5 per cent hydrochloric acid before and after 
application of the drug solution in various concentrations to the skin. Such ex- 
periments also revealed that bromsalizol was a powerful local anesthetic. Solu- 
tions of 0.5 per cent produced anesthesia lasting half an hour after the frog's 
leg had been dipped in the drug for two minutes. 

3. Experiments bp the wheal method on guinea pigs: After shaving the hair 
from the abdomen of the guinea pig, a few drops of a solution arc injected 
intradermally. The reaction of the animal to the pain produced by application 
of the electrodes attached to a Harvard induction coil is studied first on the 



Fig. 1. Small intestine of cat. Effect of saHgenin, mono-brom saligenin, and pilocarpine hydro- 


normal area and then on an area in which the local anesthetic has been injected. 
It was found that a definite local anesthesia was produced by such intradermal 
injections of bromsalizol. 


4. Direct application to nerve trunks: Solutions of the drug were applied 

directly to nerve fibers; and sensory and motor nerve conduction was blocked 
as studied by application of electric stimuli. ’ 

5. Experiments with direct infiltration of bromsalizol solutions in the skin 

connective tissue and muscle tissue of higher animals and subsequent surgical 
operations on- such areas ; Such injections produced a satisfactory local anes- 
thesia so that various surgical operations were performed without inflicting pain 
on the animal. ° ‘ 

On comparing the local anesthetic efficiency of monebrom saligcmn with 
sal, gen .tsclf, both rn regard to the least concentration reqnired to produce 
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local anesthesia and in regard to its duration when produced by equivalent 
amounts of the respective drugs, it was found that the brominated compound 
was four or five times more efficient as a local anesthetic than saligenin alone. 
It was furthermore established experimentally that no undesirable synergistic 
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effects resulted from combinations of the drug with either epinephrine or 
ephedrine; and such mixtures effectually abolished the vasodilatation produced 
by bromsalizol itself by reason of its direct action on the muscle fibers. 




MAC11T-DUXX1X0 : niAUMAUOI.CHilU STUDY OK DHOMKAUZOI, J.5.J 

KI’KKCT OX VITA I j l'UXCTIOX.S 

An exhaustive pharmacologic investigation of any drug must include a 
study of its action on all the principal physiologic functions of different animals; 
and in connection with chemicals offering possibilities of therapeutic use such 
studies are absolutely essential before even the most, cautious tests on clinical 
material may be undertaken. The authors have been making an intensive and 
extensive pharmacologic study of bromsalizol, a detailed description of which 
will be published in a more technical journal. In the present paper only a 
brief statement regarding the action of this new drug on the most important 
functions of the living body is given. 

A. Effect on the Central Nervous System . — Small doses of the drug, com- 
parable to those administered to patients, which will be described further on, 
were found to have no depressant effect of any kind on lower animals. Such 
studies were made particularly in psychologic experiments on albino rats trained 
to run in a circular maze by a method described by one of the writers in various 
publications. 15 ' 15 Doses of from 1 to 5 mg. of bromsalizol, administered by 
stomach or injected intraperitoncally in rats, weighing from 150 to 200 gm. on 
the average, produced no impairment of their behavior in the maze. Larger 
doses, 10 mg. or more, however, when injected in such rats, produced a mild 
sedation. When very large doses are injected into such animals as the guinea 
pig and rabbit, or given to a dog by stomach, a quieting effect is noted. Such 
doses, however, are many times (from 10 to 20) greater than those ordinarily 
used for relieving spastic conditions of internal viscera. The effect of intra- 
venous injections is particularly noteworthy. We have injected as much as 
25 c.c. of a 0.5 per cent solution of bromsalizol into the ear vein of a rabbit, 
and the only effect noted was a mild sedation. The animals remained quiet 
and were not as active as they were normally. When the effects of such in- 
jections were compared with those of saligenin, similarly administered, it was 
found that the latter produced very little sedation, or none at all, so that the 
quieting effect of bromsalizol must be chiefly ascribed to the bromine atom in 
that chemical compound. 

B. Effect on Circulation and Respiration . — In experiments on rabbits cats 
and dogs, tracings were made of the effect of the drug on the blood pressure 
from the carotid artery and of its effect on the respiration as studied by a 
method described by one of the authors elsewhere. 17 Intravenous injections of 
bromsalizol solutions through the saphenous or femoral veins effected the fol- 
lowing results : From 5 to 10 mg. per kilogram of weight of the drug in single 
doses exhibited no effect on either the blood pressure or the respiratory curve. 
Small doses of from 5 to 10 mg., injected every minute, gradually produced a 
moderate lowering of the blood pressure without affecting in any way the 
strength of the heartbeat or the frequency and amplitude of the respiratory 
movements. Single doses of from 10 to 25 mg. per kilogram of weight of the 
animal, injected intravenously, produced a sharp fall in blood pressure which 
returned to normal within a few minutes. After such injections the respiration 
was occasionally slightly slowed. Injections of 25 mg. of the drug at one time 
produced a more marked fall in bloOd pressure and a slight slowing of the 
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respiratory rate without interfering with either the force of tire heartbeat or 
the amplitude of the respiratory movements. When such large doses as those 
ranging from 25 to 50 mg. were repeatedly injected, the blood pressure remained 
at a low level without falling further until nearly the lethal dose had been 
injected. When the maximum dose of the drug, which led to death of the 
animals, was injected intravenously, the respiration was paralyzed first and the 



Fig“. 4. — Blood pressure experiment on cat under ether anesthesia. The upper is the respira- 
tory curve ; the lower, the blood pressure curve. 


blood pressure fell gradually after that to a dead level. When such animals 
were almost dead, they could be resuscitated by the injection of epinephrine. 
The fall in blood pressure noted after intravenous injections of considerable 
quantities of bromsalizol is, for the most part, undoubtedly due to the direct 
peripheral action of the drug on the smooth muscle elements in the arterial 
walls. This was established by means of perfusion experiments on the frog and 
by Krafkoff’s method of perfusing the rabbit ’s ear. We have also found that the 
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t w produces a relaxation of arterial rings or strips suspended in oxygenated 
Locke's solution, os studied by a tcclmic described by one of the authors else 
“ c... Bromsalizol, injected in doses of from 5 to M ** even „«e, 
produces no depressant effect on the vasomotor center and exhibits, if an>tl g, 

\ stimulating action in this respect, because the vasodilatation and fall m blood 
pressure are much more marked in experiments performed on decerebrated cats. 
The fall in blood pressure can also be demonstrated more strikingly m vago - 
omized animals. The effect of the drug on the heart itself was studied on 
excised hearts of frogs and turtles. Application of 1:10,000 solutions produced 
little or no effect on the heart muscle. Solutions, 1 :1,000, however, when applied 
directly to the myocardium, cither externally or by perfusion through the aorta, 
gradually depressed the muscle; and concentrations of 1:500 arrested the heart 
in* diastole. Such concentrations, of course, were much greater than those ob- 
tained in the blood by administration of even very large quantities of bromsalizol 
through the stomach. 

Briefly summarized, the effect of bromsalizol on the blood pressure and 
respiration in doses of from 5 to 10 mg. is nil. Slightly larger doses produce 
a mild lowering of the blood pressure due to peripheral vasodilatation. A de- 
pressant action on the circulation and respiration is produced only by excessive 
and sublethal doses of the drug, in which case paralysis of the respiratory center 
is followed by depression of the circulation. Fig. 4 shows the effect of mono- 
brom salfgenin on the blood pressure and respiratory curves of a cat. It will be 
seen that 10 mg. of the drug produced no effect on either blood pressure or 
respiration. Eighty milligrams produced a slightly greater lowering of the 
blood pressure, and 160 mg. a slightly greater fall in the blood pressure and a 
slight slowing of the respiration. 

C. Effect on Kidney Function . — A series of experiments was performed to 
determine the effect of bromsalizol on the kidney function of rabbits. The drag 
was administered by stomach tube to some rabbits, intravenously to others, and 
fed in small divided doses over long periods of time to still other animals. 
Kidney function was studied by the Rowntree-Geraghty plienolsulphonphthalein 
test. It was found that unless an enormous and very toxic dose was given to a 
rabbit no alteration in kidney function was produced. The following records 
illustrate some of the findings obtained in such experiments: 


EFFECT OF BROMSALIZOL ON KIDNEY FUNCTION 

Babbit No. 3; weight, 1,740 gm.: 

October 13 — Phenolsulphonphthalein test; 2-hour output 
October 14 — Given 250 mg. of bromsalizol by stomach tube 
October 19 — Phenolsulphonphthalein test; 2-hour output 
October 23 — Phenolsulphonphthalein test; 2-hour output 

Rabbit No. 4; weight, 1,780 gm.: 

October 13— Phenolsulphonphthalein test; 2-hour output 
October 14— Given 500 mg. of bromsalizol by stomach tube 
October 19— Phenolsulphonphthalein test; 2-liour output 
October 23— Phenolsulphonphthalein test; 2-hour output 
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D. Effect on Liver Function . — Studies were made on the liver function in 
the rabbit by the Rosenthal bromsulphalein method. 19 Rabbits were daily fed 
from 5 to 10 mg. of bromsalizol for a week or two, and the liver function was 
determined at the beginning and at the. end of that period. The following 
protocol shows the findings obtained. It will be noted that no change in liver 
function was produced by ingestion of bromsalizol. 

EFFECT OF BROMSALIZOL ON LIVER FUNCTION 

Experiment on Babbit No. 8; weight, 2.2 kilo.: 

September 11 Began feeding from 1 to 2 c.c. of 0.5% 
solution of bromsalizol, daily 

September 13 Bromsulphalein liver function test: 

Beading 3 min. after injection 
Beading 15 min. after injection 

October 23 Weight of rabbit, 2.14 kilo. 

Bromsulphalein liver function test : 

Beading 3 min. after injection 
Beading 13 min. after injection less 

E. Effect on Metabolism . — The effect of bromsalizol feeding on the blood 
chemistry of rabbits was investigated, and the results obtained are strikingly 
illustrated by the following protocols. It will be noted that, no increase in either 
the blood sugar or the nonprotcin nitrogen of the blood was produced in rabbits 
fed with bromsalizol. 

EFFECT OF BROMSALIZOL ON BLOOD CHEMISTRY 

Babbit No. 5; weight, 2 kilo.: 

October 9 Nonprotein nitrogen of blood 
Blood sugar 

Given 300 mg. of bromsalizol in divided 
doses by stomach tube 

October 16 Nonprotein nitrogen of blood 
Blood sugar 

Babbit No. 40; weight, 2.2 kilo.: 

October 9 Nonprotein nitrogen of blood 
Blood sugar 

Given 500 mg. of bromsalizol in divided 
doses by stomach tube 

October 16 Nonprotein nitrogen of blood 
Blood sugar 

OBSERVATIONS ON NORMAL MEN 

After the observations on animals described above had been completed, we 
had an opportunity to make some studies regarding the effects of bromsalizol 
taken by mouth on a number of volunteers about the laboratory. Some of these 
subjects took only one 5-gr. dose of bromsalizol; others ingested such doses three 
times- and one individual volunteered to swallow from 10 to 15 gr. of the drug 
at one time. The men were carefully observed by one of the writers, who 
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made repeated measurements of their pulse rale, respiratory movements and 
blood pressure. The results obtained in live individuals are exhibited in t he 
following protocols: 


Subject: P. G. Blood pressure, 129/S4. Pulse, 84, ami respiration, 120 a minute. 

Given 5 grains of mono-brom saligenin by nioulli. 

IVj hours later: Blood pressure, 120/82. Pulse, 88, and respiration, 2-1 a minute. 

Subject: F. D. Blood pressure, 120/S0. Pulse, 72, and respiration, 10 a minute. 

Given 5 grains of mono-brom saligenin by mouth. 

2 hours later: Blood pressure, 32-1/70. Pulse, OS, and respiration, 10 a minute. 

Subject: M. F. Blood pressure, 124/7S. Pulse, 02, and respiration, IS a minute. 

Given 5 grains of mono-brom saligenin by mouth. 

2 hours later: Blood pressure, 112/70. Tulse, 00, and respiration, IS a minute. 

Subject: G. S. Blood pressure, 120/74. Pulse, 04, and respiration, 20 a minute. 

Given 5 grains of mono-brom saligenin by mouth. 

2 hours later: Blood pressure, 110/74. Pulse, 04, and respiration, 20 a minute. 
Given 5 grains of mono-brom saligenin again. 

2 hours later: Blood pressure, 104/70. Pulse, 04, and respiration, 24 a minute. 

Subject: A. S. Blood pressure, 144/110. Pulse, 84, and respiration, IS a minute. 

Given 10 grains of mono-brom saligenin by month. 

1% hours later: Blood pressure, 145/105. Pulse, 00, and respiration, 20 a minute 
1 V - ll0urs latcr: Bl00tl l ,rcsaltro «8/J00. ™se, 0G, and respiration, 20 a minute. 


In each ease both the systolic and diastolic blood pressure was measured with 
a Tycos apparatus. It was found that ingestion of the drug produced practically 
no change in the pulse rate or in the rate of respiration. Some of the individuals 
revealed no change in blood pressure; more commonly, however, both the systolic 
and diastolic blood pressure was lowered a few millimeters. The fall was more 
noticeable in one individual who had a somewhat higher blood pressure than 
normal. As to any untoward effects of the drug, especially when taken on an 
empty stomach, no complaints were made. No gastric irritation was noted but 
some of the subjects mentioned a feeling of emptiness in the stomach in suite of 
the ingest™, of food after the drug had been taken, an effect tvhlch must be 
ascribed to the local anesthetic properties of bromsalisol. The mild leiveri,,., „f 
the blood pressure is undoubtedly due to a peripheral vasodilatation. 
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administered the drug to a series of patients and made careful observations con- 
cerning its action. Such clinical cases fall logically into two groups, medical 
and surgical. 

A. Medical Applications . — Tablets containing 5 gr. of bromsalizol each were 
prepared and furnished to physicians for clinical use. The first few experiences 
revealed that the drug produced some satisfactory results, and the physicians 
therefore continued to administer bromsalizol to a larger number of patients. 
The drug was found to be particularly useful in three groups of cases: (1) 
gastrointestinal, (2) gynecologic, and (3) urologic. 

For the first therapeutic tests with mono-brom saligenin, we are especially 
indebted to Professor Julius Friedenwald of Baltimore and his associates, who 
made a careful study of its action on a series of gastrointestinal cases. These 
clinical investigators found the drug efficacious in a variety of gastrointestinal 
disorders, all of which were characterized by symptoms referable to spastic 
conditions of smooth muscle organs. Patients were given 5 gr. of the drug 
three or more times a day. The chemical was well tolerated. There were no 
signs of gastric irritation after swallowing it even on an empty stomach, and no 
discomfort or other untoward manifestation was noted. Later, the drug was 
studied in other cities by a number of other well-known physicians, who also 
reported similar findings in gastrointestinal conditions. Up to the present 
time we have received reports on over five hundred clinical cases belonging 
to this group. The chief conditions in which relief of pain and discomfort were 
effected by the medicament were: pyloric spasm, spastic conditions associated 
with ulcers of the stomach and duodenum, gallbladder colic, spastic mucous 
colitis, and peristaltic unrest of the small intestine. From the pharmacologic 
point of view, the beneficial therapeutic effects of the drug in these cases must 
be ascribed in part to its antispasmodic action on smooth muscle and in part to 
its direct local anesthetic effect on tissues with which the drug comes in con- 
tact when introduced into the lumen of the gastrointestinal tract. 

The results obtained in cases of spastic dysmenorrhea also revealed that 
mono-brom saligenin was equally efficient in relieving uterine colic. Here marked 
relief and even complete abolition of pain have been reported by a number of 
gynecologists who made a study of the drug. In this connection, it may be 
well to cite the comment of Dr. R. AY. Te Linde, Associate in Gynecology, Johns 
Hopkins Hospital, one of the first physicians to study the drug, who administered 
bromsalizol to a series of cases of dysmenorrhea and in his very conservative 
report stated that fully one-third of the patients had been greatly relieved by 
the medicament, and added that those relieved had not been relieved by other 
drugs, such as belladonna and even codeine. 

In urologic practice bromsalizol has been found useful in relieving spastic 
conditions of the bladder, seminal vesicles, and especially in ureteral colic. 
Several physicians, who reported cases of ureteral colic allayed by administra- 
tion of the drug by mouth, found that the relaxation of the ureteral spasm 
facilitated the passage and expulsion of minute calculi. Dr. H. E. van Duzen 
of Dallas, Texas, has not only been employing bromsalizol by mouth but has 
also been using it for injection into the deep urethra in the treatment of seminal 
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vesiculitis and prostatitis. The results which he obtained in a series of cases 
were so successful therapeutically that he has prepared a paper on the subject. 20 

In addition to gastrointestinal, gynecologic and urologic conditions, in which 
mono-brom saligcnin was found to produce favorable therapeutic results, the 
drug lias been tried by different physicians in various other disorders character- 
ized by spastic conditions of smooth muscle, such as coronary spasm, hypertension 
due to angiospasm without sclerosis of the vessel walls, a few cases of bronchial 
spasm, etc. The value of the drug in such cases is still sub judicc. 

D. Surgical Applications . — It lias already been stated that mono-brom 
saligcnin was found to be an efficient local anesthetic in laboratory experiments. 
In consideration of the low toxicity of the drug, it was deemed worth while to 
investigate its possibilities as a local anesthetic in clinical surgery. Solutions 
of 0.5 per cent in saline or in water, either with or without epinephrine, were 
prepared. Such solutions were sterilized by bringing them to a boil. It may 
be added, however, that baeteriologic tests with mono-brom saligcnin showed 
that solutions of 1:200 were quite antiseptic themselves. Such solutions were 
furnished to a number of Baltimore surgeons, who employed them in minor 
surgical operations. We are particularly indebted to two surgeons for scientific 
cooperation in this connection. Dr. Clarence Cohn, associate of Dr. Joseph C. 
Bloodgood, employed solutions of bromsalizol in minor surgical operations and 
reported that the drug was equally as effective as novocainc. An even larger 
series of cases has been studied by Dr. Elliott H. Hutchins at the Mercy Hospital, 
Baltimore, and in his office practice. He reported that the drug gave complete 
satisfaction as a local anesthetic in general surgery. In dental surgery the re- 
sults obtained were not so clear-cut. Dr. Emanuel ICrieger,* dental surgeon, per- 
formed a number of extractions with complete anesthesia after injecting brom- 
salizol along the nerve sheathes. In other cases, however, he found that the 
local anesthesia thus obtained was not as effective as that produced by cocaine 
Another useful application of bromsalizol as a local anesthetic has been made 
by Dr. Victor F. Cullen of Maryland State Sanatorium. Dr. Cullen found 
that strong solutions (from 25 to 40 per cent) of bromsalizol in alcohol when 
applied topically to tuberculous nodules and ulcers of the larynx produced a 
complete anesthesia, which enabled him to cauterize the affected areas without 
pain. 

SUMMARY 


The pharmacologic, toxicologic, and therapeutic properties of a new dru- 
mono-brom saligemn, named Bromsalizol, have been carefully investigated. Two 
striking pharmacologic properties are exhibited by this chemical-a powerful 
antispasmodic or relaxant action on smooth muscle fibers and organs containing 
them, and a definite local anesthetic effect on sensory nerve endings and nerve 
fibers. These two salient pharmacodynamic effects are produced by doses of 
the drug far below the toxic concentrations, thus leaving a wide margin of 
safety for its therapeutic testing on higher animals and man. Doses of from 

w ou b times f iiy with impunity - The 
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clinical tests on a selected number of patients, and the results obtained reveal its 
effectiveness as a therapeutic agent in medical cases characterized by spastic 
conditions of smooth muscle viscera in gastrointestinal, gynecologic, and urologie 
disorders, on the one hand, and as a local anesthetic in minor surgery, on the 
other. The data already collected render a further and more extensive clinical 
therapeutic investigation of the drug very desirable, and such a study is in 
progress. 
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THE CLINICAL SIGNIFICANCE OF A VERY LOW CONCENTRATION 

OF UREA IN THE BLOOD® 


Arnold E. Osterberg, Pii.D., and Norman M. Iveitii, M.D., Rochester, Minn. 


T HE normal range of the concentration of urea in the blood has been ac- 
cepted as approximately 10 to 50 mg. per cent.. 1 The lower values of the 
normal range have been found in individuals on a low protein intake, a high 
urine output, or ou both. In the last few years one of us (Osterberg) has 
observed, periodically, in our central clinical laboratory, a blood urea content 
below 10 mg. per cent. On further investigation of the clinical findings in 
such a case, the diagnosis was frequently found to be that of chronic wasting 
disease. In one such ease active, chronic diffuse pulmonary tuberculosis was 
known to have been present, but there was also a complicating renal disturb- 
ance. Naturally we were surprised to find that the urea content of the blood 
in this case was only 6 mg. per cent. These isolated examples of a low urea 
content of the blood led us to go over the laboratory records for the last 
four years, and, as a result of the survey, we found 25 cases with widely 
differing ailments in which the concentration of urea in the blood was less 
than 10 mg. per cent (Table I). We have been unable to find in the literature 
a report of a similar series of such low values either in normal individuals or 
in patients suffering from various diseases. 

Method of Determining TJrea . — For the determination of urea in the blood 
we have used the van Slyke and Cullen 2 modification of the Marshall urease 
method on whole, oxalated blood. A preparation of the enzyme of soy bean 
(arlco-urease) was used and the aeration continued for forty-five minutes. 
In every instance when values below 10 mg. per cent of urea in the blood 
were encountered, the determination was repeated several times and always 
checked. 

A chance technical error may be responsible for a low value for urea in 
the blood in any large series of analyses ■ however, we believe that these ex- 
tremely low values for urea are not due to technical error for the following 
reasons: (1) when a very low value was initially obtained the determination 
was checked several times; (2) a low value could not be attributed to a de- 
creased activity of the urease enzyme because, simultaneously with these 
analyses, many analyses employing the same solution of urease were per- 
formed on blood with normal and high values for urea, and (3) in Case 1 
repeated estimations of urea in the blood over a period of two weeks revealed 
values of 6, 8, 12, and 10 mg. per cent. 

Clinical Data. Several patients were suffering from a serious chronic 
disease, such as. .pulmonary tuberculosis, encephalitis, diffuse skin lesions, 

•From the Mayo Clinic. 
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chronic suppuration, diabetes mellitus, duodenal ulcer, and Addison’s disease. 
In some eases also there were chronic renal lesions, these including bilateral 
pyelonephritis, bilateral hydronephrosis, tuberculosis of the kidneys, and the 
diffuse nephritis associated with disseminated lupus erythematosus. The oc- 
currence of a low value for urea in the blood in diabetes insipidus would seem 
to be a possible result of the enormous water exchange. Similarly, in diabetes 
mellitus, the low value for urea might be the result of polyuria. In duodenal 
ulcer with obstruction the water and inorganic metabolism may be markedly 
upset, but it can readily be corrected by large intravenous injections of fluid. 
In this condition also a low value for urea in the blood might be the result 
of a large intake of water. However, in other cases no definite organic lesions 
or marked physiologic disturbances were demonstrated, and the symptoms 
were described as being due to nervous exhaustion (see Table I). 


Table I 

Twenty-Five Different Cases of Disease With Concentration of Urea in the 
Blood Less Than 10 Mg. Per Cent 


CASE 

AGE, 

YEARS, 

SEX 

WHOLE 

BLOOD 
UREA, MG. 
PER CENT 

i>i o:;osi ? 

i' 

24 

F 

G 

Chronic pulmonary tuberculosis, acute pericarditis 

o 

56 

F 

8 

Chronic pulmonary tuberculosis 

3 

34 

F 

S 

Tuberculosis of left ovary 

4 

43 

F 

S 

Left tuberculous kidnev, tuberculous cystitis 

5 

41 

F 

S 

Bilateral hydronephrosis 

G 

48 

F 

8 

Chronic pyelonephritis 

7 

68 

51 

9 

Postoperative infection, prostatectomy 

8 

25 

F 

G 

Disseminated lupus erythematosus, chronic nephritis 

9* 

28 

F 

8 

Stricture common bile duct, obstructive jaundice 

10 

25 

M 

s 

Extensive infected burns 

11 

10 

M 

8 

Lateral sinus thrombosis, pulmonary abscesses 

12 

44 

F 

8 

Duodenal ulcer, gastroenterostomy 

13 

63 

M 

9 

Chronic prostatitis and suppuration of pleura 

14 

30 

F 

8 

Addison’s disease 

15 

31 

51 

6 

Extensive psoriasis 

1G 

39 

F 

6 

Diabetes mellitus 

, 17 

16 

M 

9 

Diabetes insipidus, encephalitis 

18 

44 

F 

S 

Lethargic encephalitis 

19 

32 

F 

S 

Pregnane}-, hypotension 

20 

64 

F 

8 

Chronic urethritis, obesitv 

21 

20 

F 

6 

Angioneurotic edema 

22 

44 

F 

8 

Chronic nervous exhaustion 

23 

57 

F 

S 

Chronic nervous exhaustion 

24 

45 

F 

9 

Chronic nervous exhaustion 

25 

58 

F 

8 

Chronic diffuse fibrositis and chronic nervous exhaustion 


•Necropsy. 


MacKay and MacKay 1 have shown that the normal concentration of urea 
in the blood tends to be distinctly lower in the female than in the male. Their 
lowest figures, 11 to 20 mg. per cent, always occurred in females. In the 
present series, nineteen, or 76 per cent, were females, and our lowest con- 
centration, 6 mg. per cent, was found in four females and in only one male. 
Such findings indicated that a low concentration is more likely to occur in 
the sick, as well as in the normal, female. 
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The importance of the effect oi' a high or low protein, and a large or 
small water intake on the concentration of urea in the blood is well recog- 
nized. In Case 17, the water intake and urine output reached ns much as 
16,000 e.c. in twenty-four hours. Thus, one might expect a washing out of 
urea. To a less extent the increased water exchange in diabetes mellitus 
might have a similar, but less marked effect. In a wasting disease with 
anorexia and vomiting, there may possibly be a decrease in the formation of 
urea and a gradual washing out of the urea already present. This is illus- 
trated in Case 1. Repeated estimations of urea in the blood over a period of 
two weeks revealed values of 6, 8, 12, and 10 mg. per cent. During this period 
there was a distinct increase in the intake of food. A similar explanation 
applies to Cases 2 and 9. 



The occurrence of an abnormally low content of urea in the blood in 
cases with bilateral renal disease seems rather paradoxical. In Case 8 one 
of disseminated lupus erythematosus, both before and after the very low 
value for blood urea was found, there was evidence of severe renal insuf 
ficiency (Fig. 1). At the period when the value for urea was abnormally 
low, 6 mg. per cent, the patient was taking in and excreting a considerable 
volume of water, but the diet was inadequate. The most plausible explana 
tion is that during a temporary process of healing in the kidneys urea and 
water were readily excreted and the production of urea was decreased In 
this connection it is of interest to note that in Case 1, with chronic pulmonary 
tuberculosis, albuminuria and cylindruria developed during the last mnnth 
of he, illness, that the vain, for area in the blood was W, 
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per cent, and, at necropsy, there were no demonstrable histologic abnormalities 
in the kidneys. Tims, it is possible to have a very low value for urea in 
patients with abnormal kidneys, whether the renal disturbance be due to 
demonstrable histologic change or to pathologic physiology. 

COMMENT 

An abnormal!}' low concentration of urea in the blood can occur in various 
diseases. Paradoxical as it may seem, it has been observed in bilateral renal 
disease. The simplest explanation of such a finding is that there may exist 
a decreased production of urea because of a disturbed nitrogen metabolism, 
or an enhanced excretion of urea by the kidney due to increased fluid ex- 
change. Both of these factors may be involved. 
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CHOLESTEROL ESTERS AS A MECHANISM OP FAT METABOLISM* 


Henry Petersilie, B.S., New York, N. Y. 


T HE following paper is a summary of 67 cases and 93 determinations of 
cholesterol ester ratios. These cases are taken from the wards of the 
Bronx Hospital. 

The object of this investigation is to determine the significance of the 
cholesterol ester ratio in diabetes, liver, and kidney diseases. 

Method . — The total cholesterol was determined on blood plasma, using 
the Liebermann-Burchard reaction. Bloor’s mixture of alcohol and ether was 
used in the extraction. The esters were determined by combining the free 
cholesterol with digitonin, evaporating oft’ the alcohol and ether and extract- 
ing the esters with petroleum ether. The petrolic ether extract was evaporated 
and the residual esters were taken up with chloroform ■ the final determination 
was the same as for total cholesterol. 1 

Cholesterol Esters . — The normal cholesterol of the blood plasma varies 
in individuals from 150 to 200 mg. per 100 c.c. Bruger and Somacli 2 found 
the cholesterol varied in four normal individuals from 172 to 264 mg. per 
100 c.c. The variation in one individual was plus or minus S per cent in 
twenty-four hours. 

Bloor 3 states that under abnormal circumstances the cholesterol level may 
rise or fall, but in health the cholesterol content is fairly constant. Muller 4 

♦From the Laboratories of the Bronx Hospital, New York City. 

Received for publication, February 28, 1934. 
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says that cholesterol is synthesized in the body and eliminated through the 
bile and is reabsorbed through the intestines. Cholesterol synthesis is asso- 
ciated with the adrenals, liver, and spleen. Knudsen' 1 states that the esters 
of cholesterol exist as palmitic, stearic, and oleic acid esters. There is a 
definite balance between free and bound cholesterol in health and under 
pathologic conditions. The cholesterol as ester is from 46 per cent to 70 
per cent of the total. Strobe 0 found from 50 per cent to 80 per cent of the 
total is normal for esters. 

Leites and Goldbitz 7 describe a test meal of 50 c.c. of olive oil. There 
is a normal rise of from S per cent to 44 per cent in the esters during the 
first seven hours after ingestion of this meal in normal patients. Failure to 
give this change indicates catarrhal icterus, cholecystitis, and cirrhosis. Table 
I indicates no marked change in the ester ratio. This may be a good test, 
but the discomfort of the patient with the aforementioned pathology pre- 
cludes the use of this test. Most of these patients will refuse oil or fat. 


Table I 

Patient Ingested 50 c.c. of Olive Oil; Cholesterol and Cholesterol Esters in 
Milligrams per ioo c.c. of Plasma 


CASE 

DATE 

| CHOL. 

ESTERS j 

, PERCENTAGE 

TIME AFTER IN- 
GESTION 

49 E. S. 

11/20 

275 

64 



Diabetes 

11/27 

157 





11/27 

136 

92 




11/27 

162 

122 

mm 


53 B. V. 


227 

166 



Diabetes 

m 

222 

156 

70 

1 lir 


■ 

227 


66 

2 Jir. 

56 D. 

Normal 

2/ 4 

2/ 4 

166 

171 

113 

123 

67 

72 

Pasting 

4 lir. 


Cholesterol Esters in Liver Disease.— Strobe 0 states that as jaundice of 
hepatic origin begins, esters decrease from 13 to 43 per cent from the normal. 
A fall of cholesterol-ester ratio is good evidence of hepatic disease. Acller 
and Lemmel 8 state that a lowering of the values is parallel with the severity 
of acute, subchronic yellow atrophy and icterus catarrlialis • and with re 
covery normal values return. Table II is a series of determinations made 
on patients with suspected liver involvement. 

Case 14 gives lowered ratios of 35 per cent and 57 per cent two weeks 
later. Cases 59 and 60 give lowered ratios. The cholesterol-ester ratio does 
not parallel the icteric index in these cases. In Case 14 the ester ratio returns 
to normal while the icteric index indicates a more severe jaundice at the time 
of the second determination. All these patients were on a fat-free diet and 
where the icteric index indicates possible liver damage, the therapy consists 
of intravenous glucose Epstein- states that the ester values of the blood 
plasma in acute parenchymatous damage of the liver are diminished or re- 
duced to zero m proportion to the severity of the disease. The partition is 
normal in atrophic cirrhosis. Two cases of cirrhosis, Table IV Case 23 and 
T»b,» n, Case 16. no™.. ra ,H, „ l Sated 
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Table II 

Cholesterol and Cholesterol Esters in Milligrams per 100 c.c. or Plasma 


CASE 

CHOL. 

ESTERS 

PER- 

CENTAGE 

DIAGNOSIS 

ICTERIC 

INDEX 

3 


234 

58 

Chronic cholecystitis 

Normal 

5 

230 

140 

61 

Acute cholecystitis and catarrhal jaun- 

30 


O0O 

140 

63 

dice 

17 



110 

5S 


10 

10 

256 

134 

52 

Chronic cholecystitis and eholeliathiasis 

17 

11 

190 

123 

65 

Chronic cliolecj-stitis 

9.3 


190 

124 

65 



13 

225 

139 

02 

Acute cholecystitis 


14 

285 

9S 

35 

Jaundice 

94 


■0T1SS 

153 

57 


112 

16 

Kh 

119 

64 

Cirrhosis 

10 

IS 

189 

108 

58 

Chronic cholecystitis 

0.2 

21 

188 

122 

Go 

Chronic cholecystitis 



170 

154 




31 

■ 

170 

74 


9.S 

33 

■ 

275 


Carcinoma of bile duct 

72-180 

35 

231 

143 

62 

Carcinoma ? 

32 


250 

166 

06 


SO 

38 

183 

145 

78 

Acute cholecystitis 


40 

204 

127 

02 

Cholecystitis 

9.1 

47 


144 

09 

Cholecystitis 

7.2 

OO 

mmm 


08 

Jaundice 

40 

59 


iHElBl 

43 

Pneumonia and icterus 

84 

60 

M 

85 

34 

Nicmann-Pick ’s disease 

Normal 

22 

242 

140 

58 

Generalized tuberculosis 



to liver disease, but the absence of fat from the diet and the injection of 
intravenous glucose seem to interfere with the ratio. 

Cholesterol Esters in Diabetes. — Bloor 3 quotes a series of abnormal choles- 
terol-ester ratios in diabetic patients. Table III, Case 49, is the only abnormal 
cholesterol-ester ratio which the author has been able to find. 

Case 49 had not been treated by diet or insulin at the time of the first 
determination. This same patient one week later, as shown in Table I, gives 
a normal cholesterol ester ratio after she was advised on her diet. These 
results correlate well with the work of Best. 13 He showed that dogs with 
extirpated pancreas on a normal fat diet deposited fat in the liver. If they 


Table III 

Cholesterol and Cholesterol Esters as Milligrams per 100 c.c. op Plasma 



CHOL. 

ESTERS 

' PERCENTAGE 

DIAGNOSIS 


222 

125 

56 

Diabetic gangrene 


217 

135 

62 

Diabetic gangrene 


216 

139 

64 


19 

261 

166 

60 

Diabetes 

24 

354 

241 

68 

Diabetes and chronic arthritis 


286 

178 

63 

Diabetes and coronary thrombosis 


255 

167 

Go 


32 

244 

170 

69 

Diabetes and cystocelc 

49 

275 

64 

23 

Diabetes, untreated 


170 

104 

61 

Diabetes 

51 

207 

150 

72 

Diabetes 

52 

264 

194 

73 

Diabetes 

53 

227 

167 

73 

Diabetes 

54 

215 

112 

52 

Diabetes and uremia 
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are given insulin or are subjected to a jut-free diet, they do not manifest 
this fatty deposit in the liver. Chaikolt and Kaplan show a lowered ester 
ratio in experimental diabetes. 1 ' It is not uncommon to find fatty deposits in 
diabetic patients at autopsy. The indications ore that insulin, or a fat-free 
diet, prevent the lowering of the cholesterol-ester ratio and the deposition 
of fat. The ckolestrol-estcr ratio, as observed from fatty degeneration of 
the liver in parenchymatous liver disease and the lowered cholesterol-ester 
ratio observed in diabetes, point to a close relationship between glycogen, 


glucose, and cholesterol esters. The carbohydrates necessary for the com- 
bustion of fats are lacking in the tissues in diabetic patients. Ibis leads to 
disturbed fat metabolism. This disturbance manifests itself by the lowered 
cholesterol-ester ratio. 


Cholesterol Ester in Renal Disease . — Epstein and Lichtenstein 10 quote II 
cases of nephrosis with increased cholesterol-ester ratios. The cholesterol- 
esters are from 80 per cent to 90 per cent of the total in 6 cases. Two eases - 
give cholesterol esters of 36 per cent and 38 per cent. One of these gives a 
90 per cent ratio twelve days later. 

Table IV shows three cases of true nephrosis with abnormal albumin- 
globulin ratios. 

Table IV 

Cholesterol and Cbolesterol Esters in Milligrams per 100 e.c. op Plasma 


CASE 

CHOL. 

esters 

PER- 

CENTAGE 

DIAGNOSIS 

BLOOP CHEMISTRY 

8 

375 

150 

40 

Nephritis and 

N.P.N., 70-200 


275 

137 

49 

nephrosis 

Albumin-globulin ratio 3/1 and 


276 

156 

56 


1/1 

23 

145 

92 

G4 

Uremia 

Urea N, 41 

26 

162 

57 

35 

Acute nephritis 

Urea N, 33 j A/G, 1/1 

29 

1 790 

461 

62 

Nephrosis 1 irk. ] 

A/G/0.3/2.2 


292 1 

231 

79 

Nephrosis 

A/G/l/2 

43 

143 

83 

08 

Sepsis 

N.P.N./50 

48 

383 

333 

84 

Nephrosis 

A/G/l/1 


345 


72 



54 

215 

112 

52 

Uremia 

N.P.N./250 

58 

130 


54 

Intest, obstruct. 

Urea N, 88 

44 

163 


73 

Nephritis 

Urea N, 14 

62 

114 

| 69 

60 

Nephritis 

N.P.N., 46.9 


Case 8 was originally diagnosed as nephritis with a normal albumin- 
globulin ratio of 3 to 1 and cholesterol-ester ratio of 40 per cent. Two 
months later the patient showed nephrotic symptoms with an albumin-globulin 
ratio of 1 to 1, and a normal cholesterol-ester ratio. The N.P.N. rose from 
70 to 200 at the time of patient's death. Case 26, that of a child, was diag- 
nosed as acute nephritis, with an albumin-globulin ratio of 1 to 1 and a 
cholesterol-ester ratio of 35 per cent. Cases 30 and 48 are in agreement with 
Epstein’s and Lichtenstein's findings. The conclusion which may be drawn is 
that if the nephrosis is of nephritic origin, the cholesterol-ester ratio seems 
to rise from subnormal to above normal. The initial rise of cholesterol de- 
presses the ester ratio and we find fatty deposits in the kidney, due to the 
lowered ratio. This phenomenon along with the disturbed protein metabolism 
may be related to the edema of nephrosis. Calvin and Goldberg 11 state that 
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the hypercholesterolemia of renal disease is probably the result of a dis- 
turbance in fat metabolism accompanying the nephrotic syndrome, rather 
than the cause or result of edema. The cholesterol content of the blood 
during edema is higher than normal and may remain high after edema has 
disappeared. The cholesterol values vary directly with the degree of edema, 
the changes in cholesterol being preceded by the appearance or disappear- 
ance of edema. The cholesterol appears to be mobilized from deposits of fat 
since the edema is usually associated with emaciation and the blood choles- 
terol remains high. The fatty deposit in the nephrotic kidney may be com- 
pared to the fatty deposit in the liver of acute jaundice, both resulting from 
a lowered cholesterol-ester ratio. 

The accompanying diagram is a simple scheme for showing the relation- 
ship between glucose and cholesterol esters in the blood and tissues. 


Tissues 


Blood 


Extraneous 

Neutral Fat 

1 


Cholesterol 

Esters 

5=5 

Fats 

1 

Glycogen 

f=y 

Glucose 

S=f 

Sugar 


There seems to be an equilibrium between neutral fat and glycogen in 
the tissues,- cholesterol esters and glucose in the blood. The neutral fat is 
conveyed by means of the cholesterol esters. Sobotka 12 designates the choles- 
terol esters as a transportation form of fats. A disturbance of tissue glycogen, 
as in diabetes, would shift the equilibrium of tissue glycogen to blood glucose 
to glycosuria, which I designate as extraneous, or outside the body. The fat 
equilibrium shifts from ingested extraneous fat to cholesterol esters to a 
deposition of neutral fat in the tissues. The cholesterol esters fall below their 
normal percentage, and deposit the fats in the tissues. Insulin seems to re- 
verse this process, causing a retention of glucose and glycogen. The choles- 
terol esters increase, drawing fat from the tissues. 

In fatty degeneration of the liver, that is, acute or subchronic paren- 
chymatous liver disease, the deposit of fat in the liver (Kupffer cells) causes 
the retention of bilirubin in the blood. Intravenous glucose shifts the car- 
bohydrate equilibrium to the left and the fat equilibrium to the right. In 
other words, this phenomenon seems to resemble the fat disturbance in 
diabetes. It also seems significant that jaundice follows a disease which 
calls on the reserve glycogen, such as pneumonia and influenza. The injec- 
tion of glucose seems to mobilize the fat from the liver and the cholesterol- 
ester ratio returns to normal. The icteric symptoms disappear and the liver 
condition clears up. In nephrosis the emaciated state of the patient is prob- 
ably due to low glycogen as well as the loss of protein. The diagram indicates 
a deposit of neutral fat (in the kidney) and a low cholesterol-ester ratio in 
the initial stages. The high cholesterol-ester ratio of the later stages repre- 
sents an attempt on the part of cholesterol to remove the fat from the tissues. 
Epstein and Lichtenstein 10 describe the appearance of fat bodies and choles- 
terol esters in the urine of nephrotic patients. This points to a complete shift 
of the equilibrium to the right in the above diagram. 
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CONCLUSION 

The cholesterol-ester ratio is abnormal in diabetes and parenchymatous 
liver disease only under certain conditions of diet and therapy. It is abnor- 
mal in nephritis and nephrosis. The ester ratio seems to be closely related 
to carbohydrate metabolism. A simple diagram illustrating this relation- 
ship is shown. 
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PRIMARY CARCINOMA OF THE DUODENUM* 


James R. Lisa, M.D., Jacob Levine, M.D., and William M. Fitziiugh, M.D., 

New York, N. Y. 


' | ’IIE duodenum is oue of the rarer sites of primary neoplastic growth but 
* cases are imported with increasing frequency. Several extensive reviews 
are now available, the recent ones of Eustennan, Berkman, and Swann, 1 Meyer 
and Rosenberg, 2 and Mateer and Hartman 3 being especially complete and pre- 
senting both the clinical and pathologic features. 

Since their publications several other eases have been reported. Involv- 
ing the supraampullary region are two eases of Arissd and one each of Pacetto, 3 
Rutisliauser, 6 and Bookman/ The first case of Arisz is clearly one of cancer 
developing in chronic ulcer. Rutisliauser ’s case presented multiple tumors 
originating in Brunner’s glands and had peritoneal metastases. The carcinoma 
in Bookman’s case originated in aberrant pancreatic tissue. Rutisliauser 
also reported five periampullary carcinomas. Forni, 8 Giordano, 9 and Marcus 10 
each had one case involving the infraampullarv region. Marcus’ ease is of 
particular interest. Seven years after the removal of a stenosing adenocar- 
cinoma of the duodenum multiple adenomas of the stomach were discovered 
at operation. He suggests that the basic condition was an adenomatosis of 
stomach and duodenum with malignant degeneration in the duodenal region. 
He could find no other instance in the literature of a case similar to his own. 

In the Pathological Department of City Hospital from May 24. 1911. to 
Dec. 31, 1933, there were 358 cases of carcinoma in 3,956 autopsies. Two were 
primary carcinomas of the duodenum and are the subject of this report. 

CASE REPORTS 

Case 1. — The patient, a white woman fifty years old, was admitted to the service of 
Dr. E. P. Shelby because of extreme weakness and night sweats. Per one month she had be- 
come extremely weak, had lost considerable weight and had had severe night sweats. The 
most striking feature was the extreme lethargy. There was general muscular atrophy. In 
the left epigastrium was an ill-defined sense of fullness and resistance. Jaundice was absent. 
The urine contained a faint trace of albumin. Gastric contents: free HC1 20, combined 
HC1 36, cellulose, yeast starch and fat. Duodenal drainage was unsuccessful, only bile- 
tinged gastric contents being obtained. Roentgenology revealed an orthotonic stomach with- 
out defects, normal duodenal bulb and high fixation of the second duodenal segment. 

Course: The course was characterized by marked weakness, intense lethargy deepening 
into coma, the development of progressive jaundice, bilirubinuria, severe anemia and a low 
grade septic fever. Vomiting was never present. The only physical findings of note were 
increasing size of the liver, edema of the abdominal wall, and terminal bronchopneumonia. 
Death occurred one month after admission and two months after the onset of the illness. 

•Prom the Pathological Laboratory, City Hospital, Welfare Island, Department of Hospi- 
tals. 
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Anatomical diagnoses: primary carcinoma of tlic perinmpnllary portion of Uic du- 
odenum; acute suppurative cholangitis; cl.ronic interstitial pancreatitis. 



Fig. 1. — Case 1. A view of the duodenum opened anteriorly. At the papilla is a small excavated 
ulcer. The common bile duct is dilated. 



Fig. 2.— Case 1. Photomicrograph of the section through the ulcerated surface showing the 
malignant adenomatous structure with marked papillary formation. 


The peritoneal cavity contained 200 c.c. of a clear bile-tinged fluid:. At the papilla was 
a small soft friable ulcer 2 cm. in diameter. The duodenum, stomach, common duct and gall- 
bladder were distended. 






152 


THE JOURNAL OK LABORATORY AND CLINICAL MEDICINE 


Histology . — Tlio ulcerated papilla 'was covered by a necrotic membrane. The edges and 
adjacent duodenal mucosa liad a neoplastic epithelium of high columnar cells characterized 
by papillary formation. The nuclei were hyperchromatic and mitoses were frequent. Lymphoid 
reaction was moderate. The lower ends of the pancreatic and bile ducts emptied into the 
ulcer base; their epithelia were lost by postmortem desquamation but the underlying stroma 
was normal and free of malignant cells. Melastnses were absent. 

Case 2. — The patient, a white male of thirty-four, was admitted to the service of 
Dr. W. L. "Whitt emore. One year before he had, high substernal pain referred soon after the 
onset to the eleventh dorsal spine and later to tho epigastrium. For a long time it was diffuse 
and not related to meals. On Christmas a half hour after a hearty meal, he suffered severe 
epigastric pain relieved by vomiting. Since then similar attacks recurred, the pain radiating 




If 


'.*•* v*”, C'"-\ 

. IS?-; yi . 



Fig". 3 .--Case 2. Gross specimen of duodenum, pyloric region and pancreas. The pylorus 
js normal. The arrows indicate the upper border, the spear heads the lower border of 
the carcinoma. The papilla of Vater* projects prominently below the lower border. The com- 
mon bile duct is greatly constricted in its lower portion and dilated above this region. 


to the right shoulder. Vomiting and inability to retain any food became the main symptoms. 
Constipation developed after the onset of illness. 

Emaciation was marked. There was an area of tenderness in the epigastrium extending 
into the right hypochondrium. The liver edge was palpable. Beturn from an enema was 
black. Serology and urinalysis were negative. The loss of weight was 30 pounds. Fluoros- 
copy revealed a dilated atonic stomach filling the entire abdomen and a stenotic duodenal 
lesion. A test meal could not he done since the slightest irritation caused vomiting. 

The course was steadily and rapidly downward. Vomiting was the most prominent 
symptom; no type of food could he retained. The temperature was septic. Prostration was 
extreme and death occurred in coma. The entire duration from the onset was approximately 
one year. 
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Anatomical diagnoses: primary supvnumpulhiry carcinoma of the duodenum; acute 
suppurative inflammation of the upper retroperitoneal tissues; chronic interst.tml pancrcat.t, , 

acute bronchopneumonia. . 

The entire first portion of the duodenum from 1 cm. below the pyloric ring to ,u.l above 
the papilla of Vater was a thick rigid tube with a very narrow lumen. Denso adhesions bourn 
it to the pancreas. The mucosal surface was ulcerated, the cut surface hard and white, lhe 
papilla of Voter projected below the lower edge. The lower half of the common bile duct 
was tightly constricted, barely admitting a filiform bougie; its surface appeared normal. 
The pancreatic duct could not he probed. 

Histology . — The ulcerated surface was formed by muscle and covered by a purulent 
exudate. The entire thickness of the duodenum in tins region was infiltrated by neoplastic 
cells showing marked anaplasia, numerous mitoses and some gland formation. Both edges bad 
a very atypical gland formation, suggesting strongly the glands seen at the edge of chronic 



pjg. 4. — Case 2. Photomicrograph of the edge of the carcinoma showing- the atypical gland 

formation. 


ulcer. The constricted portion of the common duct was completely encircled by malignancy. 
The epithelium of duct and papilla was normal. Malignant invasion of the pancreas was 
present in portions of the perilobular stroma, normal ducts and malignant nests lying side by 
side in sharp contrast. Miliary abscesses and a diffuse streptococcal inflammation involved 
the upper duodenum and the retroduodenal and peripancreatic tissues. 

DISCUSSION 

The two cases present many of the characteristic features of duodenal 
carcinoma. In the first case, the hepatic complication was the predominent 
factor, a finding which coincides with all cases in which the primary site is 
the same. The late onset of jaundice suggests strongly that the papilla was 
involved by extension of a carcinoma originating in the duodenal mucosa of 
the neighborhood. 
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In the supraampullary carcinoma t.lic vomiting was greater than usually 
occurs in pyloric malignancy. Occult blood in the stool and development of 
constipation associated with intense vomiting are stated to be of great value 
in differentiating this particular site of malignancy from that of the pylorus. 
The roentgenologic findings were of the greatest diagnostic importance. 

The absence of metastases in both cases well exemplifies their late oc- 
currence in duodenal carcinoma. 


SUMMARY 

The recent literature of duodenal carcinoma is summarized. Two cases 
are reported, one involving the periampullary, the other the supraampullary 
portion. Their salient clinical and anatomical features are given. 
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ACCIDENTAL INJURY TO THE BOWEL DURING 1NTRA PERITONEAL 

INJECTION* 


Gene II. Kistler, M.D., University, Ala. 


'T’HE peritoneal route of administration is utilized widely in the laboratory 
* and clinic, especially for supplying fluids in dehydration and by pediatri- 
cians as a substitute for the intravenous route. • Also important, as Pearey 
and Weaver 3 pointed out, is the extensive inlraperiloncal use of hypnotics 
by veterinary surgeons, investigators for anesthesia in laboratory animals, 
and more recently, for hypnosis in man (McGuire 2 and Tliursz 5 ). The paucity 
of evidence of injury to the abdominal viscera recorded during the develop- 
ment of peritoneal administration permits injection with relative impunity 
pioiiding a few simple precautions are regarded. Ravenel, 4 however, consid- 
ered mechanical injury to the bowel the cause of fatal acute generalized peri- 
tonitis in a child, following two perforations of the jejunum after intra- 
peritoneal injection of salt solution. 


Sporadic erosions of obscure etiology in the bowel of cats and do-s anes- 
thetized by nembutal intraperitoneally were observed recently by A. D. Keller. f 
He suggested that the bowel wall may have been injured by the injection needle 
or nembutal and demonstrated local tissue damage by this barbiturate In 
view of this and the importance of peritoneal absorption, it seemed desirable 
to accumulate as much data as possible on the occurrence of injury to the 
bowel by the puncture needle and the changes produced by the more common 
barbiturate, saline, and glucose solutions when injected into the wall of the 
stomach and intestine. If injury may occur, precautionary measures should 
be emphasized In addition, the accidental injection of a substance into the 
lumen of the stomach or bowel, instead of the peritoneal cavity, might 
count for the occasional absence of the usual response to the substance 


ac- 


ACCTDENTAL injuries to the bowel 

The stomach and bowel of approximately 150 dosrs and inn + 
carefully examined after periods of from ten minutes \ i 10 ° tS Were 

in g routine i„t, .peritoneal injection of hyp” ££ 

“ 'T”,*"" 4 *• -e directly attribnt.He to aecidelt,, 

1. A dog examined twenty minutes after nembutal intent; i 
a linear dark gray red hematoma, 1 cm. by 0 3 cm Lenn t. I? dem °nstrated 
lateral aspect of the large bowel near its l ’.V tlle serosa on the 

end of this was a needle-puncture wound of the seresaVom' wR hi' hi ^ 
was expressed. " 41 0111 ^hich fresh blood 
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2. In another dog given nembutal and examined an hour after injection, 
there was a large, recent intramural hematoma in the distal portion of the 
jejunum with beginning necrosis of the mucosa. 



Fig. 1. — -Morphologic changes in the stomach and bowel, the result of intramural injec- 
tions of barbituric acid derivatives. A, marked edema and hyperemia of the cardiac portion 
of the stomach ten minutes after two 0.25 c.c. intramuscular injections of nembutal (1 gr. in 
1 c.c.) ; IS. erosions of the mucosa opposite subserosal hematomas of the jejunum one and nine 
hours after subserosal injections of 0.25 e.c. of nembutal (1 gr. in 1 c.c.) ; O, healing ulcer 
of the cardiac portions of the stomach three days after submucosal injection of 0.25 c.c. of 
amytal (10 per cent) ; D, large perforation of the duodenum, which occurred on the fifth day 
after intramuscular injection of 1 c.c. of dial (10 per cent) ; E, F. and G, injuries to the bowel 
produced by accidental intramural injections of nembutal (1 gr. in 1 c.c.) during routine m- 
traperitoneal administration of this barbiturate for anesthesia (see text). 



KISTIjEK : IN.TU1IY TO HOWK1, IUJIIINU INTIIAI'EMTONKAIj INJECTION ■> •>> 

3. Six hours after receiving avcrtin, one dog demonstrated a circum- 
scribed gray blue region in the serosa of the large bowel, 1.2 cm. in diameter, 
10 cm. distal to the ileocecal valve. Jn the center there was a needle hole 
in the serosa, and the mucosa corresponding to the region was gray red and 
scraped away easily. 

4. Dog 56-B was anesthetized by nembutal ini raperitoneally five days 
before lie was killed. There was a healing punehed-out ulcer of the upper 
portion of the ileum (Fig. 1, F), 0.7 by 0.3 by 0.3 cm., with a moderately 
indurated and elevated margin from 2 to 4 mm. wide. Outside the defect 
in the lining was a gray pink organizing subserosal hematoma, 1.6 cm. in 
diameter, elevated 0.3 cm., the center of which was depressed and perfora- 
tion of the ulcer had been prevented alone by the muscularis mucosae (checked 
by histologic examination). 

5. Cat 63 died of acute generalized peritonitis, following a large perfora- 
tion of the ileum (Fig. 1, G ), 12 cm. proximal to the cecum, eight days after 
intraperitoneal nembutal for anesthesia. 

6. Dog 67 was examined thirty-five days after receiving nembutal intra- 
peritoneally. There was a stellate scar in the mesentery of the small bowel, 

9 cm. from the cecum, that held in close apposition the adjacent serosal sur- 
faces of a loop of ileum. 

Experimental Procedure . — Through a small midline laparotomy incision 
under ether anesthesia and aseptic precautions, 155 subserosal, intramuscular, 
and submucosal injections of from 0.25 to 1 c.c. of the following substances 
were made with a sharp 26-gauge needle into the wall of the stomach and 
various levels of the small bowel of dogs: nembutal (pentobarbital, Abbott), 
1 gr. in 1 c.c., as recommended for intraperitoneal use; nembutal, made up 
1 gr. in 1 c.c. of sterile distilled water; dial (diallyl-barbituric acid, Ciba), 

10 per cent with 40 per cent urethane and monoethylurea, as supplied for 
parenteral administration ; 10 per cent solutions of sodium barbital and amytal ; 
5 and 50 per cent glucose ; 0.9, 2, and 30 per cent sodium chloride solutions 
and sterile distilled water. The viscera were manipulated gently without 
clamps and multiple needle-puncture wounds were made into and through 
the wall without injection. The animals were killed and examined imme- 
diately after periods of from ten minutes to fifteen days. 

Results. The changes produced by the barbiturates valued according to 
the amount injected, the time elapsed between injection and examination, 
and according to the position of the substance within the wall. Those pro- 
duced by dial were slightly more marked than the other derivatives studied 
There were no apparent differences in degree of injury produced or healing 
processes among the stomach and various levels of the small bowel. Within 
a few minutes after injection (Fig. 1, A and B), the mucosa covering the 
thickened portion of the wall was hyperemic, thin, and soft. The vesicles 
formed by subserosal injections became hemorrhagic in about ten minutes 
and the regions of necrosis in the lining over these were larger but less 
marked, than those following submucosal and intramuscular injections With 
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in from twenty-four to forty-eight hours there were definite punehed-out 
defects in the mucosa varying in size from a few millimeters (0.25 c.e.) to 
1.5 cm. (1 c.c. injection) in diameter. The smaller ulcers were of the lining 
while the larger frequently extended as far as the serosa. One of these in 
the duodenum near the pyloric ring, produced by 1 c.c. of dial, perforated 
on the fifth day (Fig. 1, E). There was considerable edema and slight 
hyperemia in the zone of reaction about the recent ulcers and moderate 
induration during healing, which began in two or three days (Fig. 1, C) and 
was usually complete without scar of the lining, except following large ulcers, 
within eight to fifteen days. The subscrosal hematomas organized and con- 
tracted and were ultimately absorbed. When produced by the larger sub- 
serosal injections, their centers occasionally became soft, and they healed 
with small scars of the serosa. 

Distilled water, 0.9 per cent sodium chloride, and 5 per cent glucose 
produced thickening and slight hyperemia of the wall, which persisted 
but a few hours without noteworthy change of the lining. Small defects 
of the mucosa occasionally followed the larger injections of 2 per cent sodium 
chloride and 50 per cent glucose. The changes produced by 30 per cent sodium 
chloride were very similar to those of the barbiturates. Needle-puncture 
wounds of the wall, without injection, and punctures into the lumen were 
entirely healed and could not be discerned two days after operation. 

Histologically, the early changes were characterized by extravasation of 
blood and partial or complete necrosis of the tissues at the site of injection. 
The muscularis mucosae retained its structure, unless a large intramuscular 
injection had been made, and evidently prevented more frequent penetration 
of the ulcers. During the development of an ulcer, there was little or no 
noteworthy reaction about the zone of necrosis. After two or three days, 
the extravasated blood began organization ; fibroblastic tissue, slightly in- 
filtrated with round cells, extended into it from all sides and regeneration 
of the mucosa had begun from the periphery of the lining defect. In five or 
six days there remained, as evidence of slight injuries, only small contracted, 
rather loose fibrous regions in the muscularis, over which the lining was nar- 
row and devoid of folds. After small subserosal injections, organizing hema- 
tomas alone indicated the sites of injection. Tissue defects extending through 
the muscularis mucosae healed by granulation and ultimately produced small 
puckered scars of the mucosa. 

DISCUSSION 

During routine peritoneal administration to animals, injections often are 
made without due precaution and thorough postmortem examination is usually 
confined to parts significant only to a particular experiment. In view of this and 
the marked tendency for gastrointestinal lesions to heal, it seems possible that 
injury to the stomach and bowel or intraintestinal injection may occur more 
frequently than is generally appreciated. The same may be true in man 
during peritoneal administration of fluids and drugs, as pointed .'out' by 
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Ravenel. More frequent serious injury to the bowel, lifter its wall lias been 
injected, is probably prevented by loss of a portion of the injected substance 
through the wound in the serosa. It is significant that four of the six instances 
of inadvertent injury to the bowel recorded here occurred in the more fixed 
portion, where it is not free to shift position. 

The lesions described here as being due to accidental injury to the bowel 
are not coincidental, in view of Ivy’s 1 conclusion that gastrointestinal changes 
of any consequence occur rarely, if at all, in the dog. The degree of organiza- 
tion in the hematomas produced by the accidental injury to the bowel was 
proportionate to the time elapsed since intraperitoneal injection, and the 
more recent had needle-puncture wounds of the serosa. 

The changes in the stomach and bowel following intramural injection of 
barbiturates may be due to alkalinity and slow absorption. The compact 
structure of the walls, however, probably plays a part by preventing dis- 
semination. In the concentrations used, the hypnotics were isotonic with from 
1.58 to 1.97 per cent sodium chloride. The freezing point of the dial solution 
could not be determined because of its association with other substances. 
These equivalent concentrations of salt solutions were slowly absorbed when 
injected yet produced only slight changes compared to those of the hyp- 
notics and no changes of the lining suggesting necrosis by pressure. ' 

Intraperitoneal injections should be made through a short-beveled medium- 
sized needle equipped with a stylus. The abdominal wall should be relaxed 
so that it may be picked up between the thumb and index finger and the 
thrust of the needle made obliquely to the plane of the Avail. After penetra- 
tion, the needle may be rvithdraAvn slightly to insure freedom of its tip. Par- 
ticular care should be exercised if the stomach or borvel is distended. 

SUMMARY 


1. Six accidental injuries to the borvel in cats and dogs following intra- 
peritoneal injection are reported. One of these animals died of acute gen- 
eralized peritonitis, the result of perforation. 

2. The bowel is punctured or intraintestinal injection is made more fre- 
quently during intraperitoneal administration than is generally appreciated 
Simple needle-puncture wounds of the stomach and small bowel heal without’ 
consequence. 


3. The barbituric acid hypnotics, rvhen injected into the wall of the 
stomach and small bowel, rapidly produce necrosis of the lining and subse 
quent changes of the deeper tissues. These changes are probably due to 
alkalinity and slow absorption of the substance. Although there is a distinct 
tendency for the lesions to heal, perforation of the wall may occur 

4. Glucose and sodium chloride solutions, unless concentrated, produce 
no damage when small amounts are injected into the wall of the stomach or 
small boAvel. 


5 It is not intended to discourage intraperitoneal administration but sueli 
injections must be made careful!,, to insure peritoneal absorption and freedom 
from injury to the gastrointestinal tract. 



360 


THE JOURNAL OF LABORATORY' AND CLINICAL MEDICINE 


REFERENCES 

1. Ivy, A. C. : Contributions to the Physiology of the Stomach: Studies on Gastric Ulcer, 

Arch. Int. Med. 25: 6, 1920. 

2. McGuire, J. : tlbcr Sonmifen, Ztschr. f. d. ges. exper. Med. 71: 543, 1930. 

3. Pearcy, J. F., and Weaver, M. M. : Barbituric Acid Derivatives as Anesthetics and 

Methods for Administration, J. Lab. & Cun. Med. 12: 1071, 1927. 

4. Itavenel, S. F. : The Hazards of Intraperitoncal Injection, J. A. M. A. 100: 473, 1933. 

5. Thursz, D.: fiber cine ncue Narkosmethode (Intraperitoiiealnarkose), Vorlaufige Mitteilung, 

Wien. klin. Wchnschr. 43: 1284, 1930. 


THE EFFECT OF BACTERIA ON INSULIN® 


Melville Saiiyun, Ph.D., and Paul Beard, Pii.D., Stanford University, Calif. 


A FEW definitely established properties of insulin may be briefly sum- 
marized as an introduction to the present investigation : 

Insulin in its purest crystalline form behaves like an amphoteric electro- 
lyte, has an isoelectric point about pH 5.3, and shows a light absorption in the 
ultraviolet at exactly the same place as most proteins. It is coagulable by 
heat and yields simple amino acids on hydrolysis. Its plysiologic activity is 
destroyed by proteolytic enzymes. According to Sjogren and Svedberg’ it 
has a molecular tveight of 35,100, comparable to that of a large number of 
proteins. 

While the above properties strongly suggest that insulin is a protein, 
there is a possibility that the physiologically active principle might be a much 
smaller molecule adsorbed on crystalline material. There appear certain data 
not entirely in harmony with our conception of protein behavior. In his 
studies on crystalline insulin, Scott 2 reports: 

“It has been observed by various workers that many diabetics who show 
localized sensitivity reactions to injections of beef insulin can be given hog 
insulin and show no such sensitivity reactions. Further, certain patients who 
show a local reaction to commercial preparations of beef insulin show similar 
reactions to beef crystalline insulin. 3 If crystalline insulin is a chemical en- 
tity, it is surprising that individuals should be hypersensitive to it — a protein 
substance already present in the body.” 

Those familiar with bacterial metabolism will recall that certain bacterial 
species are capable of splitting pure proteins and that others lack this faculty. 
Proteus vulgaris is an example of the former and Escherichia coli of the latter 
type. The present investigation endeavors to utilize these phenomena in fur- 
ther understanding the nature of insulin. 

•From the Department of Bacteriology and Experimental Pathology, Stanford Uni- 
versity. California. 
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Before entering into details about the experimental work a few words 
might he necessary regarding the following : 

Organisms . — Pure cultures of Proteus vulgaris and E. coli (K-12) were 
employed. 

Medium . — Several media were investigated, and the one finally selected 
to yield suitable results contains the following ingredients: 


M/5 Potassium acid phosphate 50.0 c.c. 

M/5 Sodium hydroxide 23.0 c.c. 

Sodium chloride 5.0 gm. 

Glucose 2.0 gm. 


0.5 c.c. of a 1 per cent solution of the chlorides of mag- 
nesium calcium, and iron. 

The above ingredients were dissolved and made up to a volume of 1 
liter in a volumetric flask by the addition of distilled water that had been 
boiled and cooled to room temperature. If the ingredients are accurately 
measured the final pH is exactly 6.8. 

Sterilization . — This was performed by filtration through a Chamberland 
candle L 3 and not by autoclaving. 

Insulin . — Several preparations were investigated, hut the majority of the 
experiments wei*e performed on Lilly’s product U-100 and on a sample of crys- 
talline insulin secured from Abel’s laboratory. 

Test for Insulin . — The physiologic activity of insulin was determined 
roughly on rabbits. The strength of the crystalline material was considered 
to he 25 units per 1 mg. of the dry material. The tests that were carried out 
in this laboratory were performed simply to gain a rough estimate of the 
physiologic activity of the material subjected to the action of bactei’ia. 

Procedure . — In performing our experiments great care was taken to insure 
sterility befoi'e inoculation. The medium is first introduced into stei-ile flasks 
followed by the desired amount of insulin, and then inoculation. The flasks 
were then carefully rotated to obtain a thorough mixture of the ingredients. 
Samples were removed by means of sterile pipettes for the following tests : 
pH, sugar determination,, bacterial count, and the physiologic assay of insulin 
introduced. Samples removed after one or more days of incubation (for the 
physiologic assay of insulin only) were treated with 2 or 3 drops of a 5 per 
cent phenol solution and allowed to stand for fifteen minutes at room' tem- 
perature before injecting them into the animals. In this connection it is im- 
portant to point out that the removal of bacteria by filtration through a 
Chamberland candle L 3 is not suitable, for the amount of insulin employed 
is small to begin with, and it was found by preliminary experiments that in 
-such small amounts a considerable loss occurs. Apparently it is adsorbed on 
the candle. 

Temperature.- In our earlier experiments incubation of the samples was 
carried out at a temperature of 37° C. This permitted a rapid growth of the 
•organisms. This temperature, however, was not found suitable for our pur 
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poses as insulin without bacteria incubated in weak solutions at 37° 0. was 
found to lose its physiologic activity very rapidly. 

j Experimental. — Into two flasks containing 50 c.c. of the medium, 1 c.c. of 
U-100 was introduced into each. After three days' incubation at 37° C., 3 c.c. 
samples were removed of each flask and injected into two rabbits, respec- 
tively. The results are given in Table I. 


Table I 





MO. BLOOD 

SUGAR PER 100 C.C. 




| INITIAL 

ONE nOUR 

Rabbit 

No. 

1 

119 


105 

Rabbit 

No. 

2 

103 


100 


Hydrogen Ion Concentration. — The most suitable pH of the medium was 
also investigated. Media containing the same ingredients as described earlier 
but varying in pH values from 6 to 6.8 were tried. The one most suitable 
for our purposes was found to be pH 6.S. As an illustration the following data 
are reported : 

Each sample contained 25 c.c. of the medium and 60 units of insulin. The 
number of bacteria introduced into each was 16,000 per 1 c.c. 


SAMPLE 

pH 

NUMBER OF BACTERIA AFTER 

THREE DAYS ’ INCUBATION 

AT 20° C. 

i 

0.0 

45,000,000 

2 

0.2 

50,000,000 

3 

0.4 

SO, 000, 000 

4 

G.S 

84, 000, 000 


Action of E. Coli (K-12) on Insulin. — In the following experiment both 
crystalline and amorphous insulin were used. Incubation was carried out in 
an incubator regulated at 20° C. The duration of the experiment was thirty- 
one days. In repeating this experiment for confirmation of the results re- 
ported in Table I, the time was cut down to ten days and fourteen days, 
respectively. This was necessary as the crystalline material at hand was very 
limited. The volume of the medium in the flasks was 100 c.c. to which 250 
units of Lilly's U-100 and 250 units of crystalline insulin, respectively, were 
added. This experiment was controlled by inoculating 100 c.c. of the medium 
containing no added nitrogen with the same number of organisms. With no 
added nitrogen, it is obvious that any definite increase in numbers must arise 
from associated impurities in the medium constituents or from some extrane- 
ous source, such as atmospheric ammonia. 

Proteus Vulgaris and Insulin. — Into two flasks containing 100 c.c. of the 
medium 200 and 100 units of Lilly’s insulin were introduced and inoculated 
with Proteus vulgaris. The flasks were then incubated at 20° C. As the number 
of microorganisms growing from day to day is of relative importance, it is 
omitted from Table III, but it may be stated that the number introduced was 
50,000 per 1 c.c. at the beginning of the experiment, and at the end of the 
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Tabu. II 

B. Com and Insulin 

Each sample »»■*» =50 »»«■ !«■“" P» aalh SfS 

sj&iss^x^ (=:o ssrsa? ausyf- >-« » a 

1.5 hours after the injections. - 


INSUMN 

preparation 


Control 

Crystal 

Lilly’s 

Control 

Crystal 

Lilly’s 

Crystal 

Lilly’s 

Control 

Crystal 
Lilly ’s 

Crystal 

Lilly’s 

Control 

Crystal 

Lilly’s 

Control 

Crystal 
Lilly ’s 
Control 

Lilly’s 

Crystal 

Lilly’s 


MEDIUM 



; SUGAR j 
i CON- 
CENTRATION 


NUMBER OP 
B. COM TER . 
1 C.O. 



8 , 000,000 

6,000,000 

3.000. 000 

5.400.000 

7.500.000 

5.400.000 

8 . 200.000 

5.000. 000 

5.300.000 
80,000,000 

3.500.000 


200,000,000 

3,200,000 


MG. BLOOD SUGAR 
PER 100 O.O. 

El i uTnrT 


12,500,000 

320,000,000 


31 convulsions 
56 


convulsions 

convulsions 


convulsions 


convulsions 

convulsions 

convulsions 

convulsions 


♦The blood sugar of rabbits that received only 2 units of insulin per kg’. 

eighth, day it grew to 50,000,000. That at the end of the eighth day the 
physiologic activity of the samples was almost completely destroyed can be 
seen from the data on blood sugar. 


CONCLUSION 


The Proteus vulgaris experiment indicates very clearly that this proteolytic 
microorganism has the faculty of completely destroying the physiologic activ- 
ity of insulin. 
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Table III 


Assay of insulin subjected to the action of Proteus vulgaris. Sample No. 1 contains 
200 units of insulin and No. 2, 100 units. The amount of insulin administered to the 
animals was 2.5 units per kg. 



INCUBATION 

SUBCUTANEOUS 

MO. or BLOOD SUGAR PER 100 C.C. 

SAM PLE 

FERIOD 

INJECTIONS 

(0 HOUR) 

(1.5 HR.) 

Is UMBKK 

(DAYS) 

(PER KG.) 

MG. 

MG. 

i 

0 


91 

37 

i 

1 


83 

45 

i 

3 


87 

convulsions 

2 

3 


84 

50 

1 

6 


90 

convulsions 

2 

7 


93 

95 

1 

S 

4.0 

87 

8S 

2 

S 

4.0 

91 

93 


Dealing with a microorganism that cannot attack a pure molecule of 
protein, the experiment on E. colt and insulin justifies the following conclusions : 

1. E. coli has no effect whatever on the physiologic activity of insulin 
whether or not impure or crystalline insulin is subjected to its metabolic 
activities. 

2. E. coli introduced into a medium in which the only source of nitrogen is 
derived either from insulin or from the impurities associated with it must derive 
its nitrogen requirements from the latter and not from the nitrogen of insulin. 

3. When crystalline insulin is substituted for the commercial, product, the 
growth of E. coli parallels its growth in the medium that does not contain in- 
sulin — and in which no other source of nitrogen is available. The slight differ- 
ence encountered in bacterial count in the crystalline insulin experiment and 
in the control experiment (eight millions as compared to five millions in the 
control) may either be due to bacterial variation or to slight impurities asso- 
ciated with the crystals. Such nitrogen impurities adsorbed on the large 
molecule of insulin might have been derived from the ammonia used in bring- 
ing about crystallization (see Abel's method 4 ). While such traces of nitrogen 
may not be noticeable in chemical analytical methods, they are detectable by 
microorganisms. Consequently, the evidence presented in this investigation 
supports the theory that insulin is a protein. 

Further investigations on the action of other microorganisms on insulin 
are in progress. 
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THE EFFECT OF MUCIN AND MUCIN01DS ON PEPTIC DIGESTION* 


H. C. Bradley, Ph.D., and Mildred Hodges, M.S., Madison, Wis. 


T HE following experimental data may prove of interest to tliose wishing 
to evaluate the behavior of gastric mucin and similar substances in terms of 
properties upon which therapeutic use might be predicated. No attempt will be 
made to review the extensive literature which has appeared since the original 
suggestion of Fogelson 1 and of Kim and Ivy 2 in 1931. 

^Commercial gastric mucin, kindly furnished us by the Wilson Laboratory, 
loses on dialysis as much as 18 per cent of its solids, of which a third is free 
tyrosine. A 5 per cent solution dialyzed has a viscosity of about forty times 
that of water. It is not precipitated by acids and is indeed difficult to pre- 
cipitate by any of the reagents used for removal of native proteins which 



will at the same time permit the larger cleavage fragments to remain in solu- 
tion. Alcohol and alcoholic zinc sulphate are fairly satisfactory precipitants. 
Mucin is not appreciably digested by pepsin as might be anticipated from its 
history. It has about the same buffer value against acid as any common 
protein. Chart 1 shows that it is somewhat less effective than egg albumen of 
the same concentration. 

In the following experiments we have studied the effects of mucin on 
the peptic cleavage of raw fibrin. This protein was selected as the substratum 
of choice because in the active ulcer, the layer of exudate-fibrin laid down on 
the surface is believed to be the necessary factor for organization and tissue 
growth which constitutes healing. Anything which will delay or prevent the 
digestive removal of this pellicle of fibrin should therefore be. of potential 

School**Madlsonf Dcpartment of Physiological Chemistry, University of Wisconsin Medical 
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value iu permitting normal liealing to proceed uninterrupted. The figures in 
Table I and subsequent tables represent the net gain in soluble N in 25 c.c. 
of the filtrate, or 8.3 c.c. of the digest. 

Fibrin and Mucin . — Raw fibrin was washed white, ground fine, and pressed 
free from gross moisture. Twenty grams of this material was used (dry weight 
4.2 gm.) suspended in water or 5 per cent mucin, the pH adjusted to the 
desired level. Five cubic centimeters of 5 per cent pepsin was added, and 
the digest made up to 200 c.c. and sampled at once. Digestion was carried 
on at room temperature ; the 25 c.c. samples taken were precipitated with 
50 c.c. 2.5 per cent ZnCL in 95 per cent alcohol. Digestion was determined by 
Kjeldahl’s method on 25 c.c. aliquots of the filtrate. Table I shows a typical 
digestion series. 

Table I 


DIGEST 

pH 

i 

NET GAIN- 

—C.C. N/5 X IN 

FILTRATE 


1 UR. 

2 UR. 

O Hit* 

1 DAY 


Fibrin + Pepsin HC1 

o.o 

0.4 

0.8 

1.4 

2.7 

6.5 

la 

Fibrin + Pepsin HC1 + Mucin 

o.c 

0.0 

0.1 

0.3 

0.7 

3.5 

s.o 

Fibrin + Pepsin HC1 

1.2 

1.4 

3.2 

4.9 

5.4 

5.4 

5.4 

Fibrin + Pepsin HC1 + Mucin 

1.2 

0.5 

0.9 

1.6 

2.7 

5.1 

5.5 

Fibrin + Pepsin HG1 

2.0 

1.4 

2.5 

3.6 


5.0 

5.1 

Fibrin + Pepsin HC1 -f Mucin 

2.0 

0.5 

O.S 

1.2 

■ 

3.3 

3.6 

Fibrin + Pepsin HC1 

3.0 

0.0 

0.0 

; o-i 


0.7 

1.6 

Fibrin + Pepsin HC1 + Mucin 

3.0 

0.0 

0.0 

' 0.2 

! 0.4 1 

0.9 

1.5 


The precipitation of primary fragments by the alcoholic zinc precipitant 
is influenced by the acidity of the particular sample taken. The more acid 
the digest, the more nitrogen remains in solution. The distortion of the series 
as a whole, however, does not in any way affect the interpretation of data 
obtained at the same pH levels. Throughout the range studied, from pH 0.3 
to pH 3.0, mucin is found to retard the digestion of fibrin. During the first 
period of from two to five hours it may exceed a 50 per cent reduction. By 
the end of from one to three days, however, the results are identical. The 
action of mucin therefore is equivalent to reducing the concentration of the 
active enzyme. The inhibition is one of rate only. It is most striking where 
peptic digestion is most rapid. At pH 3 digestion is slow, and mucin has no 
apparent effect. 

Mucin and Other Proteins . — The inhibitory effect of mucin is not specific 
for raw fibrin. We have digested casein, coagulated albumin, fibrin coagulated 
by heat and by alcohol with and without mucin present. The results are simi- 
lar to those illustrated above. A typical example is given in Table II. 

Snail Mucin . — Snail mucin, kindly furnished us by the Burroughs Well- 
come Laboratory, has very different properties from the gastric mucin. It is 
slowly dispersed in slightly alkaline solutions and is precipitated by acids. It is 
digested by pepsin sufficiently so that interpretation of results is difficult. The 
enzyme evidently dirides itself between the mucin and the fibrin, but, since 
the digestion of the mixture is not a summation, we may assume some inhibition 
of fibrin digestion. In view of the flocculation of mucin in acids and its 
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digestibility, it would appear to be of less value as a protective agent than 
gastric mucin, which retains its physical properties in acid, and docs not 
digest. (See Table III.) 

Table ii 


Casein and Mucin 


DIGEST 

pH 

NET GAIN IN C.C. n/5 N IN 

FILTRATE 

30 MIN. 

1 Hit. 

2 HR. 

5 me 


3 DAYS 

Casein + Pepsin HC1 



0.2 

S.4 


14.8 

17.0 

Casein + Pepsin HC1 + Mucin 


1.1 

0.8 

2.2 

■ 

G.7 


Casein + Pepsin IIC1 

2.0 

2.2 

4.5 

6.4 

8.0 

11.5 

12.3 

Casein + Pepsin IIC1 + Mucin 



1.4 

2.2 


7.3 

8.9 

Casein + Pepsin IIC1 

3.0 

1.1 

1.7 

mwm 


0.7 

8.4 

Casein + Pepsin IIC1 + Mucin 

3.0 

0.0 

0.3 

mm 

1.4 

4.5 

7.8 


Table III 


Effect of Snail Mucin 


DIGEST 

pn 

NET GAIN IN C.C. n/5 N IN FILTRATE 

mm 

1 HR. 

2 HR. 

5 HR. 

1 DAY 

3 DAYS 

Fibrin + Pepsin HC1 


0.8 

1.5 

2.2 

3.8 

5.G 

fi n 

Fibrin + Pepsin HC1 + Mucin 

g£gj9 

0.3 

1.0 

1.0 

2.9 

5.7 


Mucin + Pepsin EC1 

KEI 

0.7 

1.0 

1.2 


2.6 


Fibrin 4- Pepsin HC1 

1.95 

0.8 



3.0 


nwmti 

Fibrin + Pepsin HC1 + Mucin 

1.94 

0.6 


1.5 

2.7 


7 3 

Mucin + Pepsin HC1 


0.0 





2.9 

Fibrin + Pepsin HC1 

3.06 

0.2 


0.3 

0.7 


p n 

Fibrin + Pepsin HC1 + Mucin 

3.08 

0.4 

0.6 

0.7 

1.0 

p 3 


Mucin + Pepsin HC1 

3.00 

0.5 

0.5 

0.6 


1.5 

2.1 


Table IV 

Fibrin and Ciiondroitin Sulphate, 1 Per Cent 


SAMPLES DILUTED 1:2 WITH WATER 


DIGEST 

pH 

[ net gain in C.C. n/5 n in FILTRATE 

60 MIN. 

1 HR. 

2 HR. 

5 HR. 

1 DAY 


Fibrin + Pepsin HC1 

Fibrin + Pepsin HC1 + Chond. 

0.99 

1.03 

1.8 

0.0 

3.1 

0.2 

4.6 

0.8 

6.5 

2.0 

7.6 

4.3 

7.7 

5.9 

SAMPLES DILUTED 1 :2 WITH TRICHLORACETIC Ihih 1 


Fibrin + pepsin xili 

Fibrin + Pepsin HC1 + Chond. 

1.03 

1.08 

0.4 

0.1 

0.8 

0.3 

1.6 

0.7 

3.2 

1.9 

5.6 

4.7 

7.6 
fi n 




Table V 


The Effect of Vegetable Mucinoids 


DIGEST 

NET UA1N IN C.C. N/5 N IN filtrate 

PH 

1 HR. 

5 HR. 


o 

Fibrin + Pepsin HC1 

Fibrin + Pepsin HC1 + Okra 

Fibrin + Pepsin HC1 + Agar 

Fibrin + Pepsin HC1 + Starcli 
Fibrin + Pepsin HC1 + Gum Gliatti 

1.0 

1.0 

1.0 

1.0 

1.0 

3.4 

1.0 

3.0 

1.8 

2.3 

8.0 

5.1 

6.6 

5.4 

5.3 

9.9 

10.9 

7.9 

5.9 

10.5 

6 DAYS 

9.8 

11.9 

8.6 

9.1 

10.4 


Ciiondroitin Sulphate.— Babkin 3 has pointed 
contain some free ciiondroitin or mucoitin sulphate and that T' mUCm 
exerts a retardiag effect the digestion „ f coagutated egg albt^nTS 
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tubes after tventy-four-liour exposure. We have repeated this experiment 
using raw fibrin and confirm this observation. In this experiment, too, we 
were able to differentiate between the dispersion of the fibrin, and its cleavage 
into nonprecipitable fragments. Jn one digest the samples were precipitated 
with 5 per cent trichloracetic aeid in water; in the other, 1 lie samples were 
merely diluted. The inhibitory effect of the ehondroitin sulphate is much 
more correctly represented by the digest where no precipitant was used. 
Solution of fibrin goes on much more rapidly than cleavage to nonprecipitable 
fragments in the control digests of fibrin alone. The presence of ehondroitin 
sulphate retards dispersion much more than it does further cleavage, as may 
be seen in Table IV. Dispersion and cleavage in the presence of ehondroitin 
sulphate are practically identical. This fact is of particular significance be- 
cause it indicates that mucin itself is probably far more potent in delaying 
solution of fibrin by pepsin than it is in retarding its further cleavage, and 
from the point of view of therapy this is the important effect. 



Okra, Agar-Agar, Gum Ghatti, and Starch . — Dispersions of these materials 
were made to roughly approximate the physical properties of 5 per cent gas- 
tric mucin. Five per cent trichloracetic acid in 95 per cent alcohol was used 
as precipitant, two volumes to one of the sample. A typical series is given in 
Table Y. 

Of these vegetable mucinoids the okra dispersion most nearly resembles 
mucin in physical properties and in the retardation of peptic activity. 

SUMMARY' 

The experiments indicate a temporary delay in the digestive removal of 
fibrin covered and protected by such mucinous materials as gastric mucin 
and okra. This inhibition has the same effect as reducing the concentration 
or activity of pepsin in the digesting mixture. Any delay in the removal of 
the fibrin pellicle covering the ulcer surface until the stomach contents pass 
out would appear to be of real significance in preventing interruption of the 
healing process. 
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THE TOXIC EFFECTS OF SULPHUR ON GUINEA PIGS AND RABBITS* 


George B. Lawson, M.D., Iv. T. Redfield, D.V.M., and Oren D. Boyce, M.D., 

Roanoke, Ya. 


W E DEMONSTRATED the inhibitory effect of sulphur, even in concen- 
tration as small as 1 :40,000, on the growth of tubercle bacilli on culture 
media as a scientific exhibit at the Southern Medical Association Nov. 14 to 
1*7, 1933. As a preliminary to animal experimentation we began a study of 
the effects of sulphur on guinea pigs and rabbits. 

We first did a series of intracardiac injections in guinea pigs and intra- 
venous injections in rabbits with 1 per cent colloidal sulphur in distilled 
water. (This suspension was not a perfect colloidal solution.) Large doses 
of this solution were used, ranging from 5 to 10 c.c. both in rabbits and 
guinea pigs. 

There were several fatal reactions at the time of injections, which we 
thought were due to emboli. These reactions occurred in only three animals. 
Nine rabbits were used for intravenous injections. These rabbits received 
5 c.c. of 1 per cent colloidal sulphur in distilled water per pound of body 
weight for each injection. Several of the rabbits died at the time of the 
second injection ; but most of them survived four such doses of sulphur and 
were then killed and autopsied on the fourth and sixth days from the time 
of the first injection. 

The autopsy results varied slightly in minor details, hut the almost uni- 
form results were : 

1. The lungs showed areas of interstitial pneumonia of a chemical type, 
without round cell infiltration, but with a few hemorrhagic areas 

2. There were many typical infarctions throughout the lungs and, in some 
instances, they appeared to be numerous enough to have caused death, whereas 
in others there were only two or three such areas. 

3. The kidneys showed a marked nephritis characterized by marked 
swelling of the tubules m some and a marked necrosis of the renal cortices 
in others. 

4. The liver sections showed many sulphur crystals throughout the tissue 
and a tew small areas of degeneration. 

•Received for publication, March 29 , 1934. 
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5. Sections of the heart and spleen showed no iniscroscopic changes. 

One rabbit received 150 c.c. of 0.031 per cent filtered colloidal sulphur, 
intravenously over a period of five days. No ill-effects were observed, and 
he is now living and well, six months after the time of injection. 

After intraspinal injections of rabbits with light suspensions of sulphur 
dissolved in oil (1:500), the rabbits survived and showed no pathologic con- 
dition of the cord after twenty-four hours. Injections of a heavy suspension 
of sulphur in oil (1:55) caused death of the animal in twelve hours. Post- 
mortem examination showed an edema of the cord and deposits of sulphur 
crystals around the base of the brain (two rabbits used). 

One to two grams of sulphur were injected into the peritoneum of rabbits 
through a small cannula. It produced a marked necrosis of the abdominal 
wall with dense adhesions and necrosis of the gut about the point of injection. 

Intraperitoneal injections of 10 c.c. of 1 per cent colloidal sulphur in 
guinea pigs produced a knotting of the omentum incapsulating the sulphur 
without other adhesions being formed. Injection of 2 c.c. of 1:500 sulphur 
in oil produced the same result. (Five guinea pigs and four rabbits were 
used for intraperitoneal injections of sulphur.) 

A series of 28 guinea pigs and 2 rabbits were confined to boxes 36 inches 
long, 18 inches wide and 22 inches deep with open tops. Three or 1 animals 
were confined to each box and a continuous sulphur duster was installed, 
delivering a fine sulphur suspension which could only be detected with a 
strong beam of light. For this we used the commercial three-hundred-mesh 
sulphur and colloidal sulphur prepared by the Ileyclen Chemical Corporation. 
In these experiments the results did not vary markedly with either of the 
types of sulphur used. 

To our surprise, all the rabbits died in from two to four days. The 
stomach walls were perforated and absolutely necrotic. There was some con- 
gestion of the liver, but, this did not seem to be very marked. The guinea 
pigs all died in from one to three days, and presented the same pathologic 
picture as did the rabbits. As the material had been blown over the animals 
as well as over their food and bedding, there was no way to determine ac- 
curately just how much of the sulphur had been ingested. 

We then tried a series of 41 guinea pigs and 2 rabbits giving doses of 
from 2 gm. to 0.50 gm. of sulphur per kilogram of body weight, directly into 
the stomach through a small stomach tube, using in some the colloidal sulphur and 
in others the flowers of sulphur. To our surprise a similar condition developed, 
though much more rapidly. 

All the animals in this last series died within from two to twenty-four 
hours. The stomach walls were necrotic, kidneys, intensely congested, and 
liver slightly so. The spleens showed little change as did the hearts and 
lungs. This was not a postmortem change, for the same picture was observed 
when several of the animals were examined under anesthesia. 

The kidneys on microscopic sections showed an intense necrosis, almost 
as though the kidney had come into direct contact with a very powerful 
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chemical poison. The stomachs were too necrotic to recover more than the 
connective tissue stroma for microscopic sections. 

A possible explanation of these findings was suggested in that sulphur 
acids may be produced in animals unable to vomit as arc the guinea pigs and 
rabbits. This, however, may have no bearing, but it was thought the very 
rapid devastating effect of ingested sulphur on the tissues of these animals 
might be of interest. 

conclusions 

Sulphur when ingested by guinea pigs and rabbits produces a necrosis 
of the stomach and a severe nephritis. 
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getlier by thin threads of chromatin. The distinguishing feature between the 
segmenters and lobulated stabs is tiic width of the chromatin joining the lobes. 
That of the segmenter is never wider than a fine thread. The lobes of the seg- 
menter are oval and have the same cylindrical quality of depth presented by 
the stab nucleus. The chromatin is compact and may be divided into fairly 
distinct fields of oxy- and basi-ehromatin, which stains dark reddish purple to 
dark blue. The cytoplasm is the same as that of the myelocyte. 

Description of Hemogram . — The hemogram is an outline of horizontally 
arranged figures representing the components of the blood picture. Various com- 
binations signify different conditions, and changes in these combinations from 
day to day constitute the characteristics by which we may determine improve- 
ment, I’etrogression or complication of the case. 

“ Schillingizing ’ ’ the neutrophiles, or subdividing them into four classes 
according to their age and defensive strength determines the quality of the 
cellular army. With the body at physiologic rest the normal peripheral blood 
contains no myelocytes, no juveniles, 4 stabs and G4 segmenters; a total of 
68 neutrophiles in each 100 white cells of all types. An increase in the shift 
cells, i.e., myelocytes, juveniles and stabs with a corresponding decrease in 
segmenters is called a “left shift” and means stimulation or irritation. Con- 
versely a decrease in shift cells with a simultaneous increase in segmenters con- 
stitutes a “right shift,” and signifies lessened toxicity. The type of left shift 
is termed degenerative when stabs are increased, regenerative when stabs and 
juveniles alone, or as many as four myelocytes appear; and leukemoid when 
stabs, juveniles and five or more myelocytes appear in the hemogram. The 
type of shift indicates the intensity of the intoxication by its qualitative extent 
to the left. 

The “Schilling index” is the ratio of the combined shift cells to segmenters. 
M + J + St : Seg 

0 0 4 : 64 4 to 64, or a normal Schilling index of Y\c- 

This index gives the proportion of inefficient phagocytes to efficient phagocytes. 
The higher the index, the greater the quantitative shift and the more severe the 
intoxication. 

The “multiple index” is the Schilling index multiplied by 16. Thus the 
normal is one. It has the same significance os the Schilling index but gives in- 
formation in whole numbers, showing the number of times a given shift is 
greater than normal. 

The “lethal index” gives the ratio of myelocytes to segmenters, or if no 
myelocytes are present, the ratio of one-half the juveniles to segmenters. This 
index gives the proportion of weakest to strongest phagocytes. When the lethal 
index approaches one, it suggests a diagnosis of septicemia and a prognosis of 
fatality.® 

*In attempting' to prognose the date and time of expiration we are using the following 
table with a fair degree of accuracy: 

Lethal index 1 and multiple index 100, death in 4S hours or less. 

Lethal index 1 and multiple index 200, death in 24 hours or less. 

Lethal index 1 and multiple index 300, death in 12 hours or less. 

Lethal index 2 or over, regardless of multiple index, death in 12 hours or less. 
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The ‘ ' shift ograph ” is a vertical graph of the Schilling index arbitrarily 
adopted by us to express the relationship of the quantitative shift to the qualita- 
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Reproductive Power “R.P.” and Threshold “T .” — It is generally stated 
that in mild infections maturation of the ncutrophiles in the bone marrow keeps 
pace with the demand for cells, producing a leukocytosis of the adult type; 
that in severe infections, although there may be a leukocytosis, the demand for 
mature cells is greater than the bone marrow can supply, and immature cells 
appear in the peripheral blood; while in overwhelming infections either pro- 
duction or maturation or both may break down, producing a regenerative or 
leukemoid shift with or without leukocytosis. Again certain irritants or toxins 
may fail to stimulate the bone marrow or even inhibit production and matura- 
tion, then we find leukopenia with immature cells in the peripheral blood. 

Whether the factor or factors responsible for these changes in the bone 
marrow are stimulants or irritants, or whether the changes arc the result of 
positive or negative chcmotaxis, we are not prepared to say definitely. For 
convenience we simply use the term “reproductive power," “RP” of the bone 
marrow as its capacity for quantitatively producing ncutrophiles for the cellular 
army of defense. It is an index of the reserve strength of the patient and is 
estimated in general by the total white count and in particular by the percentage 
of neutrophiles and the number of ncutrophiles per cubic millimeter. And we use 
the term “threshold" “T,” as that mechanism which qualitatively controls the 
maturity of the cells that pass from the bone marrow into the peripheral blood, 
a normal threshold discharging mature neutrophiles only (64 per cent segmented 
and 4 per cent normal stabs), a depressed threshold permitting immature cells 
to escape, the degree of left shift varying with the degree of depression, and it 
is with this understanding that these terms will be used throughout this paper 
in interpreting the size (quantity) and maturity (quality) of the cellular army. 

The lymphocytes are Schillingized routinely as the lymphatic shift is very 
significant. Lymphocytes are divided into four classes: lymphoblasts, large 
lymphocytes, intermediate lymphocytes, and small lymphocytes. As the large 
lymphocytes increase at the expense of the small, a left shift is designated, 
which points to an acute stimulation of the lymphatic tissue or an incipient im- 
munohealing process. A right shift means an increase in the small lymphocytes 
with a decrease of the large and indicates a chronic stimulation or a definitely 
established immunohealing phase of repair and convalescence.* 

TYPES OF HEMOGRAMS 

Type 1 . — Mild acute stimulation of noninfectious or mildly infectious 
agents, resulting in a slight left shift.! 

•We realize, of course, that size alone is not an accurate criterion of age of lymphocytes, 
but this criterion has seemed valid in the shift encountered. 

tThe one notable exception to the mildly infectious or noninfectious character of condi- 
tions which give rise to a Type 1 hemogram is acute suppurative early gangrenous appendicitis 
with or without rapture of the appendix. The clinical symptoms must be typical of acute ap- 
pendicitis. Tlie features which characterize this exception are a high total W.B. C. count, 
IS 000 to 20,000, high neutrophilia, SO to 100 per cent but only a slight or moderate left shift 
showing a Schilling index of 1 or less, and a multiple index of 10 or less. When the threshold 
fails to permit the toxic left shift to be expected with the high white blood cell count, high 
neutrophilia and typical appendicial symptoms, we call it a "frozen threshold.” Toxin elaborated 
in the small area of gangrene may be responsible for the inactivity, fixing, or freezing of 
the threshold. 
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Blood Picture: Leukocytosis 10,000 - 20,000 Hh. I. Vi - i 

Neutrophilia SO — 00% M* L •* ~ 10 

Lymphopenia 5 - 20% L. I. 0 - % 

Monopenia .0 - 1% 

Eosinopenin 0 - 2% 

The reproductive power “IIP” is strongly stimulated. The threshold is 
only slightly depressed. The left shift is slight or moderate, of the degenerative 
type, sometimes bordering on the regenerative. Noninfectious stimulants pro- 
ducing this picture are, violent exercise, menstruation, pregnancy, and parturi- 
tion. Noninfectious hut severe stimulants are, internal hemorrhage, ruptured 
ectopic pregnancy, ruptured aortic aneurysm, or ruptured vessel and hernias 
that are incarcerated hut not strangulated. Cysts with twisted peduncles, tumors 
that are not infected or tumors before necrosis has occurred cause this mild type 
of shift, later producing a more sevei-e picture. 

Infections producing this picture are due to organisms of low virulence or 
are superficial in nature so that the products of infection are not confined as 
superficial wounds affecting chiefly the epithelium or draining abscesses. It is 
also seen in infections affecting mucous membranes with little vascular reaction, 
as in acute catarrhal cystitis, gastritis, or appendicitis and in the so-called ap- 
pendicosis. 

Type 2. — Severe acute irritation, by virulent infections, eytotoxins or 
poisons, resulting in a marked left shift. 

Blood Picture : Leukocytosis 10,000 - 100,000 Sli. I. 1.5 - 20 plus 
Neutrophilia 90 - 100% M. I. 20 - 300. plus 

Lymphopenia 0 - 10% L. I. % - 1 plus 

Monopenia 0 - 4% 

Eosinopenia 0 - 1% 


“RP” is strong and severely irritated. Neutropliiles 8,000 to 90,000. “T” 
is strongly depressed and the number of segmenters is reduced; the left shift is 
regenerative to leukomoid. 

This picture is characteristic of many acute infectious diseases e 
septicemia, the meningitides, pneumonia, and diphtheria. It is seen in' acute 
suppurative inflammation of mucous and serous membranes with infiltration of 
the surrounding tissues or with necrosis and gangrene, e.g., in acute suppurative 
appendicitis, volvulus, intussusception, peritonitis, empyema, abscesses, or con- 
fined pus in any location. Certain poisons may produce this type of hemogram, 
e.g., arsenic, lead, mercury, phenol and its derivatives, and illuminating gas. 

Type 3. Lethal acute irritation by overwhelming infections, resulting in 
an extreme left shift, with a depressed regenerative power. 


Blood Picture: Leukopenia 5,000 - 1,000 Sh. I 

Neutrophilia 90 - 100% M. I. 

Lymphopenia 0 - 10% L. I. 

Monopenia 0 - 2% 

Eosinopenia 0 - 1% 


3-20 plus 
50 - 300 plus 
Vt - 1 plus 


R P is inhibited or paralyzed; neutrophiles 5,000 to 500 or less “T” 
is severely depressed or paralyzed; the shift ds leukomoid in type. This hemo- 
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gram is produced by extremely virulent acute infection. It is usually seen in 
septicemia. "When it follows a Type 2 hemogram it means bone marrow exhaus- 
tion and paralysis with a fatal prognosis. In these cases the total white count 
is not reliable, as an index of the degree of intoxication, for although the total 
white count is falling, the left shift is becoming more extreme. Observation of 
this fact definitely illustrates the fallacy of judging the severity of an infection 
by the ordinary white count and differential. At the same time it emphasizes 
the importance of the shift in making a hemogramic prognosis. 

Type 4 . — Subacute stimulations, infections and intoxications, resulting in 
a moderate left shift, or the lymphomonoeytic phase of healing convalescence, the 
latter following Types 1, 2, and 3. 

Blood Picture: White blood cells 0,000 — 12,000 

Neutrophiles 50 - 70% Sit. I. less than one 

Lymphocytes 30 - 50% M. I. less than 10 

Monocytes O - 10% 

Eosinophiles 1 - 5% 

“HP” is strong, but shows a low grade irritation. 

“T” is only slightly depressed. The shift is usually degenerative in type 
although a few myelocytes and juveniles may occur. The pronounced feature is 
a moderate to marked lymphocytosis with an occasional slight monocytic in- 
crease. This picture is typical of long-continued or lowgrade intoxication. 
It is also seen transitionally when an acute infection becomes chronic, or when 
a chronic infection shows a subacute exacerbation. It is common in a subsiding 
acute infection. As the leukocytosis and neutrophilia fall, the lymphocytes, 
monocytes, and eosinophiles increase and the shift goes to the right. It is then 
called the lymphatic or lymphomonoeytic irnmunohealiug phase of convales- 
cence. 

It is characteristic of lowgrade septicemia, subacute bacterial endocarditis, 
arthritis, subacute exacerbation of chronic appendicitis; foci of infection, i.e., 
abscessed teeth, old appendicial abscess or sinusitis; chronic empyema, pyelitis, 
draining lung abscess, and degenerating or metastasizing tumors. With an 
acute flare-up of this type of infection, e.g., extension of suppuration, failure 
to drain, etc., the blood picture changes to one of the more acute types. 

Type 5 . — Lymphatic type with a moderate left shift. This is caused by 
acute infections which inhibit or fail to stimulate granulopoiesis and chronic in- 
fections which stimulate lymphopoiesis. 

Blood Picture: Normal or leukopenia 10,000 - 1,000 Sh. I. % - 2 

(Except pertussis) 

Neutrophilia 50% or below M. I. S - 32 

Lymphocytosis 30% or above 

Monocytosis 6 - 20% 

, Bosinopenia 0 - 2% 

“RP” is inhibited or not stimulated; neutropliiles average 3,500. 

“T” is mildly depressed. The shift is usually degenerative or may border 
on the regenerative type with a few juveniles or occasional myelocyte. This 
picture is produced by : 
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(A) Low grade, chronic toxins which stimulate lymphopoietic tissue, in- 
cluding tuberculosis, syphilis, Basedow’s disease and healing processes. 

(B) Acute infections which inhibit or fail to stimulate the granulopoietic 
tissue, including measles, mumps, malaria (latent), influenza, and typhoid fever. 
It is also seen in subacute or chronic appendicitis, abdominal adhesions, and 
ovarian cysts. A sudden change from this lymphatic hemogram to a Type 2 or 
3, means an acute exacerbation or complication, c.g., secondary pyogenic infec- 
tion in tuberculosis; onset of pleurisy or pneumonia in influenza; otitis media or 
bronchopneumonia in measles ; perforated ulcer and peritonitis or pyelonephritis, 
in typhoid fever; orchitis in mumps, etc. 

A primary right shift, with a Schilling index of less than % G is seen oc- 
casionally in pernicious anemia, DiphyUdbothrhmi latvm infestation, carcinoma 
with cachexia and anemia, syphilis, pregnancy, malaria, and ankylostomiasis. 


GASES ILLUSTRATING THE VARIOUS TYPES OF HEMOGRAMS 


Type 1 . — Incarcerated femoral licrnia in a white female aged seventy-one years. There 
was nausea and vomiting, but no other signs of intestinal obstruction. The hemogram was 
made about eight hours before operation. We were asked whether the hernial contents had 
become strangulated. At operation a normal loop of gut was released and replaced in the 
abdominal cavity. 

demography: Shiftogram is a Type 1 hemogram, with high leukocytosis, high neutro- 
philia, extreme lymphopenia, and a very slight left shift. 

Hemogramio Diagnosis: Acute noninfectious irritation, incarcerated hernia without 
strangulation. (Clinically: incarcerated hernia?) 

Hemogramio Prognosis: Good. 

The condition was considered an acute stimulation, rather than an infectious process 
because of the high leukocytosis with 97 per cent neutrophilcs, bnt only a mild degenerative 
shift to the left. The noninfectious nature of the irritation was shown by such a slight de- 
pression of the threshold that the segmenters per cubic millimeter almost equalled the total 
neutrophilcs. The slight degenerative shift of 14 stabs was too few to indicate pus- tbe 
Schilling index of % was very small and the multiple index only 2.6 times normal. Incarcera- 
tion without strangulation was indicated by the very slight shift. Strangulation would have 
shown extreme depression of the threshold, with segmenters less than half the neutropbiles 
and a severe qualitative left shift, including myelocytes and juveniles. The Schilling index 
would have been greater than one, the multiple index greater than 16, and the lethal index 
small or large, depending on the severity of infection, gangrene of the intestine, or onset of 
peritonitis. The prognosis was good because there was no hemogramio evidence of actual 
injury to the intestines. 


Type 2 .— Lobar pneumonia m a white male, aged forty years. The first hemogram was 
made on the seventh day of the disease, about six hours before the crisis occurred. Following 
the crisis there was an apparent relapse, but the temperature again fell by crisis and remained 
normal to recovery. 


demography: All the hemograms in this shiftogram except the last are Type 2. The 
hemogramic diagnosis and prognosis are taken from the first hemogram. 

Hemogramio Diagnosis: Severe acute infection (Clinically: lobar pneumonia). 

Hemogramio Prognosis: "Bad at present, unless at the time of crisis " 

diagnosis was justified by the extreme leukocytosis, high neutrophilia, leukomoid 
left sluft, high indices, and the presence of Freyf eld’s toxic granules and Doehle’s inclusion 
bodies. 
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A conditional bad prognosis was given on the first hemogram, as it was taken six hours 
before the crisis (see discussion), and because there were only 6,090 segmenters in a total 
neutrophilic army of defense of 35,052. Thus, while the defensive force was large, it was of 
very poor quality. The severity of the infection was also indicated by the high Schilling, 
multiple, and lethal indices. 

In tracing the course of the disease, the shiftograpli pointed to a relapse with a 
nude left shift in Hemogram 3, followed by a continued right shift to convalescence and 
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recovery. The first attempt to enter the lymphatic phase of immunohealing was made in 
Hemogram 5, with a fall in neutropliiles, a rise in lymphocytes, and the disappearance of 
toxic granules and inclusion bodies. Full convalescence was shown by Hemogram 7, a Type 
4, with a lymphatic right shift to small lymphocytes, a neutrophilic right shift to a multiple 
index of eight, and a high normal total white count. 

Type 2 . — Sepsis of unknown origin. The first hemogram was recorded twenty-five days 
following the onset of illness. Three weeks later, acting on a hemogramic diagnosis of con- 
fined pus, and the clinical evidence of continued sepsis and slightly enlarged tender liver, 
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a. tentative diagnosis of subdiaphragmatie- abscess was made and tho abdomen opened. A 
subhcpatic or duodenal abscess was suspected but complete exploration could not bo done on 
account of tlie weakened condition of the patient. Death occurred forty-eight hours later. 

Bomography: All the hemograms of this sliiftogram aro Type 2, tho neutrophilic phase 
of defense. Diagnosis, prognosis, and treatment were suggested by tho first hemogram and 
confirmed by subsequent blood pictures. 
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Bemogramic Diagnosis: Acute suppurative inflammation, probably 
(clinically: sepsis of unknown origin). 

Bemogramic Prognosis: Doubtful, dependent on the location of the suppuration anc 
its treatment. 

Treatment suggested: Establishment of free drainage. 

This condition was called acute because of the high leukocytosis, neutrophilia and tin 
regenerate left slu t The re atively high percentage of lymphocytes (20 per cent) 
associated wrth a high leukocytosis and a wide left shift indicated an infectious process o, 
some duration and suggested an attempt at healing. 
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The course of the disease traced by the shiftograpli, pointed to a complicating septicemia 
in Hemogram 4. Nonspecific immunotransfusion was recommended and given. This forced 
the shift strongly to the right within twenty-four hours. It then fluctuated slightly for the 
nest few days, due probably to extension of the infection. Following laparotomy the sliiflo- 
grapli extended widely to the left, terminating in a severe leukemoid left shift with the death 
of the patient. 
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Type 3 . — Acute mastoiditis in a white female aged twenty-one years. The first hemo- 
gram was made eighteen hours after the patient developed clinical signs suggestive of acute 
mastoiditis. A bilateral mastoidectomy was done the same day. After a short postoperative 
improvement acute septicemia developed and the patient died nothin two days. 

Demography : Although the first hemogram is of the second type, the next four show 
this to be a case of lethal acute irritation, a Type 3. The first count, taken just prior to 
operation, was interpreted as follows: 

Semogramio Diagnosis: Acute suppurative inflammation (clinically: mastoiditis). 

Semogramio Prognosis: Hopeful but depends on immediate drainage of the primary 
focus of infection. 
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Treatment suggested: Prompt establishment of free drainage. 

The first hemogram showed a severe acute irritation by the presence of leukocytosis, 
high relative neutrophilia, extreme lymphopenia and the wide qualitative and quantitative 
left shift of the regenerative type. The prognosis was more grave because of the dispropor- 
tion between the slight leukocytosis and the wide left shift. 

The second hemogram was taken just following operation, and showed a transition to 
Type 3, the so-called lethal irritation, with a falling total white count, no higher than normal, 
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accompanied by a left shift becoming more severe. The interpretation of the second hemogram 
was as follows: 

Hemogramio Diagnosis: Septicemia. 


Hemogramio Prognosis: Fatal in twenty-four hours if the septicemia is not combated. 
Treatment suggested: Nonspecific immunotransfusion. 


The diagnosis of septicemia was justified by the falling white count, leukemoid left 
shift, and lethal index of over one Following a Type 2 hemogram, we interpreted it as 
toxic exhaustion and bone marrow collapse with a fatal prognosis. 
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The treatment suggested could not be adopted and the patient died within the predicted 
twenty-four hours. 

Type 3. — Bilateral lobar pneumonia in a white male, aged eighteen years. The first 
hemogram was taken on the day of admission, the sixth day of illness. On this day a 
pseudocrisis occurred; the temperature dropped to normal, but the pulse remained high and 
the patient looked very badly. On the seventh day, the patient’s condition being even 
less hopeful, several small nonspecific immunof ransfusions were given within the succeeding 
seventy-two hours. Recovery was uneventful. 

Hcmography : This shiftogram shows the first two hemograms to be a Type 3 lethal 
picture of toxic exhaustion, with a transition to three hemograms of the Type 2 neutrophilic 
phase of defense, and terminating with five Type -1 of healing and convalescence. The 
hemogramic diagnosis, prognosis and suggestion for treatment were based on the first hemo- 
gram. 

Ilcmogramic Diagnosis : Acute infection, septicemia, no defense (clinically: lobar pneu- 
monia). 

Hemogramic Prognosis: If posterisis, fatal in forty-eight hours, unless immediate 
strenuous treatment is instituted. 

Treatment suggested: Nonspecific immunotransfusions. 

The condition was called acute infection because of the neutrophilia, lymphopenia, wide 
qualitative and quantitative left shift and high Schilling and multiple indices. Septicemia 
was suggested by the high percentage of toxic granules and inclusion bodies, with myelocytes 
almost equal to segmenters, giving a lethal index of %. No defense, or very low resistance, 
and toxic depression of the bone marrow was shown by the low total white eonnt of 6,000, 
neutropliiles 5,160, and segmenters only 840, for protection against a pneumococcus septicemia. 
The conditional prognosis was justified by the severe depression of the threshold and re- 
generative power of the bone marrow, giving the defensive force a very poor quality. The 
Schilling index of 5, the multiple index of 80, the lethal index approaching one and nearly 
100 per cent toxic granules pointed to an early termination, unless the toxic pressure was 
rapidly reduced. Nonspecific immunotransfusion was suggested ns in our experience it had 
been the most effective treatment for septicemia. 

The second hemogram is Type 3, but of less severity. It was taken after several small 
transfusions had been given. The quantitative shift had increased but the more important 
qualitative shift had turned sharply to the right. Myelocytes and juveniles had decreased 
markedly in number, while the stabs which are nearly ns efficient as segmenters, had increased. 
While the shift to the right had occurred, without the usual increase in the number of seg- 
menters, it was a qualitative right shift, nevertheless, and denoted improvement. The lethal 
index had decreased from % to %. 

Hemograms 3, 4, and 5 still showed the condition of the patient to be serious but im- 
proved. The neutrophilic phase of defense continued active with the neutrophilia and lympho- 
penia. The regenerative power was stronger with neutropliiles up to S,000 per c.mm. The 
multiple index had dropped from 256 to 50. The myelocytes had practically disappeared, but 
the juveniles were still high. Hemogram 6 changed abruptly from Type 2 to Type 4, from 
the active neutrophilic phase of defense to the lymphatic immunohealing phase of con- 
valescence. In percentage the neutropliiles were about normal, but a relative and absolute 
lymphocytosis with a lymphatic left shift occurred. Toxicity had been reduced or eliminated. 
The regenerative power and threshold were improved. The neutropliiles remained around 7,000 
and the segmenters had risen to 4,000. All indices had been reduced, and the toxic granules 
and inclusion bodies had disappeared. Except for a temporary setback, the shiftograph 
showed a progressive right shift to convalescence and recovery of which Hemogram 10 is a 
typical example. 

Type ■#.- White male, aged forty-five years, with a history of lassitude, dullness, lack of 

energy, anorexia, and a slight loss of weight. He occasionally ran a slight afternoon elevation 
of temperature. The condition cleared up one week after an abscessed tooth had been ex- 
tracted. 
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Hcvwgraphy : Both hemograms of this shiftogrnm arc Typo 4, showing a high normal 
white count, neutropenia, lymphocytosis, monocytosis, and slight left shift. 

Hcmogramic Diagnosis: Subacute infection (teeth, tonsils or pharynx), (Clinically: 
possible focus of infection.) 

Ecmogramio Prognosis: Good. 

Treatment suggested: Eliminate any foci of infection. 
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Type S-A . — Gumma of the liver in a white female, aged thirty-nine years with pain in 
the right upper quadrant for several years. The patient’s symptoms were gradually becoming 
worse; the liver was enlarged and tender. Blood Wassermann was positive. Operation dis- 
closed the gumma of the liver, confirmed by biopsy. The patient improved with antisyphilitie 
therapy. 

demography : The first hemogram of this sliiftograin, on which the diagnosis was based, 
was a Type 5-A. 

demogramic Diagnosis: Chronic suppurative hyperplastic inflammation (probably 
syphilis or tuberculosis). (Clinically: gumma.) 

demogramic Prognosis: Poor. 

Active inflammation was shown by the presence of more than 35 shift cells, a fairly 
wide degenerative shift with only 918 segmenters per c.mm. out. of a total of 3,07S neutro- 
philes. Chronicity was shown by the lymphocytosis of 37 per cent, all of the small type. 
This was a lymphatic right shift and indicated efforts at healing. Hemograms 2 and 3 are 
Type 4. They followed the operation which disclosed gumma of the liver and showed the 
reaction of the patient to surgery; and the subsequent attempt at immunohealing. 
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Fig. 10. — Shiftograni of influenza illustrating' Type 5-B hemogram ; 2. 3. 4. 6, and 7 are Type 
5-B, 1 is a Type 2, and 5 and S are Type 4. 


Type 5-B .— Influenza in a white male, aged twenty-eight years. The patient ran a 
typical course with headache, malaise, chills and fever, and cough. On January 10 patient 
was discharged apparently well but readmitted the following day with a return of symptoms. 
He was finally discharged in good health on January 15. 

demography : All hemograms except the first, fifth and eighth on this sbiftogram are 
Type 5-B, with a low normal white count, neutropenia lymphocytosis and a fairly wide left 
shift. The first hemogram is a Type 2, showing a high neutrophilia. 

demogramic Diagnosis: Acute infection (clinically: influenza). 
demogramic Prognosis: Good. 

Acute infection was diagnosed from the first hemogram which showed the high neutro- 
philia and extreme lymphopenia common to all infections. Influenza was indicated by the 
second hemogram, which presented the low white count, neutropenia, lymphocytosis and 
lymphatic left shift characteristic of this disease when considered with the clinical symptoms. 

In tracing the course of the disease the shiftograph showed a left shift peak on the 
third day, seen quite frequently in this condition, followed by a right shift apparently of a 
convalescent nature on the fifth day. A wide left shift on the sixth day, coinciding with the 
clinical relapse, was followed by a continuous right shift to a beginning convalescence on the 

ninth day. 
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DIFFERENTIAL DIAGNOSIS 


The noninfcctious, infections or toxic nature of many conditions may be 

In these cases hemography may lie of great 


difficult to distinguish clinically. 
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assistance to (he clinician for infectious processes rriflr similar clinical pictures 
falling .nto the same type of hemogram, are difficult to differentiate hemoSph! 
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ieally, while those falling into different hemogrumic types are easily differ- 
entiated. The following three comparisons are used for illustration: 

(A) is a Type 1, and (B) a Type 2 hemogram in eacli ease. They both 
show a high leukocytosis, high neutrophilia, and marked lymphopenia. 
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(A), however, shows but slight depression of the bone marrow threshold. 
The slight left shift is degenerative, the Schilling index a fraction; the multiple 
index only a few times greater than normal and the large army of neutrophiles 
consists almost entirely of efficient phagocytes or segmenters. 



CR0CKER-VALENT1NE : ITEM OGRAPIIY IN DIAGNOSIS, PROGNOSIS, AND TREATMENT 189 

(B), on the contrary, shows many indications of toxic depression of the 
threshold and lowered resistance, consisting of a marked left shift, Schilling 
index greater than one and a multiple index many times greater than normal. 
The seg mentors number less than half the total neutrophiles, so that while the 
cellular defensive force is large, it is of very poor quality. 

The first hemogram is Type 5-B; the second is Type 2. Both were taken at 
■ the onset of disease before diagnostic clinical signs had developed. Depression 
of the threshold is not a dependable means of distinguishing between these two 
infections. Although the character of the shift differs in the two cases cited, it 
cannot be used as a differential point because the quality and quantity of the 
shift is often the same in the two diseases. The different action of the toxins on 
the reproductive power of the bone marrow is shown in the two hemograms. In 
influenza severe depression or lack of stimulation of the regenerative power re- 
sults in a severe neutropenia with 44 per cent neutrophiles, or 2,420 per cm 
In pneumonia strong stimulation of the regenerative power is shown bj r the 
92 per cent, or 21,452 neutrophiles per cm., a marked neutrophilia. Thus a 
wide left shift, leukopenia, neutropenia, and lymphocytosis suggest influenza, 
while leukocytosis, neutrophilia, and lymphopenia, with a wide left shift, in- 
dicates pneumonia. 

These hemograms are both Type 2, and are similar in practically all re- 
spects, except the degree of neutrophilia and lymphopenia. The hemogramic 
diagnosis in this case is difficult and often impossible. However, the total white 
count with 80 per cent neutrophiles, and 20 per cent lymphocytes and only a 
moderate degenerative left shift, is more characteristic of acute salpingitis than 
of appendicitis. If the first count had been due to acute suppurative appen- 
dicitis, the toxic depression of the threshold accompanying a total white count 
of 19,000 would have been greater. Thus, there would have been a wider shift, 
at least of the regenerative type, noth a neutrophilia of probably 90 per cent and 
a corresponding lymphopenia. The second hemogram illustrates the type of 
shift that accompanies a high leukocytosis in acute appendicitis and shows the 
difference between the two. 


COMMENT 


We have endeavored to establish the following points: 

1. The Schilling system of differentiating white blood cells should supercede 
all other forms of differential count. It reflects more consistently and accurately 
the degree of intoxication or infection of the patient. 


2. Our modification of the Schilling hemogram has made possible an easier 
and more accurate analysis of the hemogram; 

a By adding a shiftograph to trace at a glance the extent of the quantita- 
tive shift indicated by the Schilling index. 

b. By adding a multiple index to show the number of times a given shift is 
greater than normal. 

c. By adding a lethal index to show the quality of the shift in a ratio of 
myelocytes or juveniles to segmenters, and to aid in prognosis A fatal outeome 

„»e and S IMP" 
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d. By using the symbol “BP,” to record the degree of stimulation, depres- 
sion, or paralysis of the bone marrow, reflected by the number of neutrophiles 
per cubic millimeter. 

e. By listing the neutrophiles per cubic millimeter to show the numerical 
strength of the neutrophilic army of defense. 

f. By using the symbol “T” to record the condition of the bone marrow 
threshold, estimated by the quality of the shift. The degree of depression of 
the threshold when compared with the ratio of segmenters to ncutropliiles per 
cubic millimeter, indicates the quality and quantity of the cellular army of 
defense. 

g. By listing the segmenters per c.mm. for comparison, with average nor- 
mals, and with neutrophiles per c.mm. 

h. By routinely Schillingizing the lymphocytes a vast field of new in- 
formation is opened up. Diseases of a chronic character, having a tendency to 
lymphocytosis, in the active phase show a lymphatic left shift with a pre- 
dominance of large lymphocytes, and in the latent or healing phases a right 
shift to small lymphocytes. 

In acute infections the first sign of the immunohealiug phase of convales- 
cence is an increase in lymphocytes and a lymphatic left shift with a predom- 
inance of large lymphocytes. As convalescence progresses the lymphocytes shift 
to the right with small lymphocytes predominating. ' 

In tuberculosis the variation in total lymphocytes, the lymphatic shift in 
conjunction with the neutrophilic shift, and the rise and fall of monocytes and 
eosinopliiles, definitely assist in classifying the various phases of the disease 
and in detecting complications. 

i. By showing that the Schilling index alone should be used with caution 
as a diagnostic and prognostic aid. It represents the nonfilament-filament ratio, 
and is valuable only wflien considered with the quality of the shift. 

The total number of shift cells alone may be used in differentially diagnosing 
acute appendicitis. In general with a neutrophilia present, and a Schilling 
index of one or over, shift cells 15 to 35 indicate acute catarrhal appendicitis ; 
35 to 50 suppurative appendicitis; 50 to 60 abscess in appendix; and over 60 
ruptured appendix with general peritonitis. 

j. By listing Doehle's inclusion bodies and Freyfeld’s toxic granules in 
percentage of neutrophiles of all types containing them. These are found in 
any severe acute infection or intoxication and assist in determining the presence 
of septicemia. 

3. Disease entities and different types of the same disease may be classified 
according to the type of hemograms which they show, thus facilitating diagnosis 
and prognosis. 

4. Need for the shiftogram, a chart of sequential hemograms joined by the 
sliiftograph, in following the daily progress of a disease. Definite changes in 
the course of an infection are usually indicated by a turn of the sliiftograph 
often before there is any clinical change. During the course of a chronic infec- 
tion an increase in neutrophiles with neutrophilic and lymphatic left shift in- 
dicates an acute exacerbation. A change in the severity of the picture during 
an acute infection may indicate a complication. Similarly a sudden turn of 
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tlic sliiftograpli and qualitative shift to the left, during a convalescent picture, 
may indicate a relapse. Remissions and attacks, in diseases characterized by 
them, may be similarly predicted by the change in the hemogram. 

Lobar pneumonia seems to be an outstanding exception 1o the use of the 
shiftograph in predicting the turning point in the course of an infection. At 
the time of the clinical crisis the hemogram may show its greatest severity, the 
right shift not appearing until twenty -four to forty-eight hours later. 

A shiftogram showing a sustained leukocytosis of from 10,000 to 20,000 with 
a neutrophilia of 8,000 to 18,000 per cm., a degenerative or regenerative left 
shift and Schilling index over one, is usually indicative of confined pus, e.g., 
abscess, empyema, etc. 

A shiftogram has a place in the control of treatment by specific and non- 
specific immunotransfusions, foreign protein therapy, diathermy, vaccines, anti- 
toxins, etc. Many of these methods, which produce a febrile reaction clinically, 
also cause fairly characteristic changes in the blood picture and all of them may 
be more accurately controlled by the shiftogram. 

A consideration of the clinical facts is important before an accurate liemo- 
gramic diagnosis and prognosis may be made. The clinical findings are im- 
portant for prognosis in- general because the hemogram has a different inter- 
pretation depending on the location of the infection. The same severity of blood 
picture that might indicate a fatal prognosis in intracranial infections, grave in 
pulmonary, serious but hopeful in abdominal, would cause but slight concern in 
pelvic conditions. Thus a slight shift in intracranial infections becomes of 
relatively great importance. A better prognosis may be given if it is known 
that adequate medical or surgical treatment is possible to control the primary 
focus of infection. 
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A NOTE ON THE USE OF THE IIAGEDORN-JENSEN BLOOD SUGAR 
TECHNIC IN CASES OF PHLORIIIZINIZATION* 


S. B. Barker, B.S., New Haven, Conn. 


D ESPITE the generally accepted fact that the injection of phlorliizin causes 
a fall in blood sugar, examination of the literature reveals that com- 
paratively high values have been reported, by Coolcn, 1 Pavy, 2 Biedl and Kolisch, 3 
Massaut, 4 and Houssay and Biasotti. 5 Yamada 0 seems to have been the first 
definitely to associate high values with reducing action of phlorliizin itself 
rather than with any glycemic action of the drug. He found an apparent rise 
of blood sugar as determined by the Ha gedorn- Jensen fcrricyauide method, hut 
no change for several hours with Bang ’s copper reduction technic. Lundsgaard 7 
precipitated the blood proteins with mercuric sulphide, and found that phlorliizin 
was removed by this procedure. 

METHODS 

Total reducing substances were determined by the Hagedorn- Jensen tech- 
nic, 8 following a Somogyi zinc precipitation. 3 Nonfermentable reducing sub- 
stances were determined on the zinc filtrate after fermentation with yeast ac- 
cording to Peters and Van Slyke. 10 

EXPERIMENTAL 

The error caused in the Hagedorn- Jensen method is twofold: the phlorliizin 
reduces ferricyanide and raises the titration value by combining with iodine. 
The present work is an attempt to study and rectify both of these errors. 

To determine the iodine absorption, a 0.1 per cent water suspension of 
phlorliizin (Merck) was used in place of blood. After the Somogyi precipitation, 
1 c.c. samples were placed with 1 c.c. portions of an iodine solution for five, ten, 

•From the Laboratory of Physiology, Yale University. The School of" Medicine. 
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and fifteen minutes, both at 25° C. and at IS 0 C. The titration values with 
0.005 N Na„S„O n , as used in the Ilagedorn-Jcnsen technic, arc given in Table I. 


Table 1 

Iodine Absorption Per c.o. or 0.1 Per Cent Phlorhizin Filtrate 



iodine absorbed at 25° c. 

iodine absorbed at 18° c. 


(as c.c. 0.005 N NruS.O,) 

(AS c.c. 0.005 N Na^SjO,) 

After 5 minutes 

0.10 


After 10 minutes 

0.22 


After 15 minutes 

0.24 

: 0.04 


Examination of Table I shows that good cooling and speedy titration will 
minimize the error due to absorption of iodine hv phlorliizin. 

Using the information thus obtained, 1 c.c. samples of the filtrate were then 
subjected to the entire technic for the detection of reducing substances, both 
before and after fermentation. The values obtained are presented in Table II. 

Table II 

Reducing Power Per c.c. or 0.1 Per Cent Phloruizin Suspension 


REDUCING POWER 

(as mg. glucose) 
039 
0.36 
0.37 
0.36 


Total 

After 10 minutes’ fermentation 
After 15 minutes’ fermentation 
After 20 minutes’ fermentation 


Phlorliizin, therefore, has a constant reducing power even after as much as 
twenty minutes’ fermentation. The disastrous effects of over fermentation are 
shown in Table III, which contains reducing values of blood filtrates after one- 
half hour with yeast. The data show that fermentation of the phlorhizin must 
have taken place. 


Table III 

Reducing Substances in Blood With Phlorhizin, After Thirty Minutes’ Fermentation 

(as Mg. Glucose Per c.c.) 


PHLORHIZ. 

MG./C.C. 

TOTAL 

REDUCING 

CONTROL 

TOTAL 

REDUCING 

EXPER. 

FERMEN. 

REDUCING 

CONTROL 

FERMEN. 

REDUCING 

EXPER. 

1 

2 

3 

4 

0.77 

0.77 

0.77 

0.77 

1.12 

1.4G 

1.81 

2.19 

0.73 

0.73 

0.73 

0.73 

0.85 

0.92 

1.00 

1.12 


Putting to use the facts shown by these experiments, namely, that phlorhizin 
is not fermented m fifteen minutes, and that at a lowered temperature it ab- 
sorbs very little iodine, the effect of phlorhizin on whole blood was next de 
termined. For this, oxalated slaughter-house blood, to which known amounts 
of phlorhizin had been added, was used, total and noufermentable reducing sub- 
stances being determined. Table IV contains the values obtained 

The dose of phlorliizin usually administered to animals is 1 gram per 10 
kilos of body weight. If this entire amount passed at once into the blood stream 
the maximum concentration there would be about 1.3 mg. per c c If the entire 
dose became distributed throughout all the tissues, the minimal concentration 
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Table IV 


Reducing Substances in Blood With Varying Amounts or Piilorhizin 
(as Mo. Glucose Per c.c.) 


PHLORHI- 

ZIN 

MG./G.O. 

(1) 

TOTAL 

REDUCING 

SUB- 

STANCES 

CONTROL 

(2) 

TOTAL 

REDUCING 

EXPEE. 

(3) 

DIF- 

FERENCE 

(3>(2) 

NOX- 

FERMEN. 

REDUCING 

CONTROL 

XON- 

FERMEN. 

REDUCING 

ENTER. 

FERMEN. 

REDUCING 

CONTROL 

(4) 

FERMEN. 

reducing 

EXPER. 

(5) 

DIF- 

FERENCE 

(5M4> 

0.10 

1.13 


0.02 

0.10 

0.14 

1.03 

1.01 

-0.02 

0.10 

1.24 

■ 

0.00 

0.11 

0.11 

1.13 

1.13 

0.00 

0.13 

1.13 


0.02 

0.10 

0.12 

1.03 

1.03 

0.00 

0.13 

1.24 

■mb 

0.05 

0.11 

0.17 

1.13 

1.12 

-0.01 

0.17 

1.13 

1.17 

0.04 

0.10 

0.14 

1.03 

1.03 

0.00 

0.17 

1.29 

1.34 

0.05 

0.11 

0.1S 

1.1S 

1.16 

-0.02 

0.20 

1.13 

1.19 

0.06 

0.10 

0.14 

1.03 

1.05 

+0.02 

0.25 

1.13 

1.19 

0.06 

0.10 

0.1 6 


1.03 

0.00 

0.25 

1.29 

1.35 

0.06 

0.11 

0.16 

1.18 

1.19 

+0.01 

0.33 

1.24 

1.35 

0.11 

o.n 

0.14 

1.13 

1.11 

-0.02 

0.33 

1.24 


0.12 

0.11 

0.24 

1.13 

1.12 

-0.01 

0.50 

1.0S 

■K2B 

0.19 

■ 


0.94 

0.97 

-0.03 

0.50 

1.29 

1.45 

0.16 

■ ■ 


1.1S 

1.19 

+0.01 

1.00 

1.0S 

1.41 

0.33 



0.94 

0.93 

-0.01 

1.00 

0.48 

0.77 

0.29 



0.43 

0.45 

+0.02 

1.00 

0.4S 

0.79 

■ ' 

o.or> 


0.43 

0.43 

0.00 

1.50 

1.29 

1.72 

■ ' ■ 

0.11 

0.51 

1.18 

1.21 

+0.03 

1.50 

1.29 

1.77 

BIB 

0.11 

0.55 

1.18 

1.22 

+0.04 

2.0 

1.75 

2.36 


0.14 


1.61 

1.69 

•f o.os 

2.0 

1.0S 

1.72 


0.14 


0.94 

1.01 

+0.07 

4.0 

1.75 

2.96 

1.21 

0.14 

1.21 

1.01 

1.75 

+0.14 

6.0 

1.75 

3.3S 


0.14 

1.S1 

1.61 

1.85 

+0.24 


of piilorhizin in the blood would he about 0.1 mg. per c.c. The amounts of 
phlorliizin added to the blood were calculated to cover the range one would 
expect to encounter after phlorhizinization. 

It has been shown that the presence of phlorliizin in blood causes an ap- 
parent increase in sugar content, under the usual conditions for the Hagedom- 
Jensen determination. This fact casts considerable doubt upon the accuracy 
of blood sugar values determined by the Hagedorn-Jensen method during phlor- 
liizin injections. 

SUMMARY 

1. Phlorliizin introduces two errors into blood sugar determination with the 
Hagedom-Jensen technic : first, it reduces ferricyanidc, and, second, it com- 
bines with iodine. 

2. Fermentation with yeast, eliminates the first erroi’, while rapid titra- 
tion at 1S° C. reduces the second. 

3. Data are presented to show that the Hagedorn-Jensen method, with the 
modifications noted, may be used to determine fermentable reducing substances 
in blood after phlorhizinization. 

The author wishes to acknowledge gratefully much valuable advice given by Ur. H. E. 
Himwich during the course of the work. 
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A STABLE STARCH INDICATOR FOR THE IODOMETRIC ESTIMATION 
OF CHLORIDES IN BLOOD AND URINE® 


C. S. Shapiro, M.A., New York, N. Y. 


YPHE iodometric method for chlorides in blood is known to possess many ad- 
vantages over the thiocyanate procedure . 1 It has been found applicable to 
urines also with high degree of accuracy . 2 It has, however, one objectionable 
feature, namely, the rapid deterioration of the starch indicator. The condition 
of the starch has been found to affect the accuracy of this method, since the end- 
point is sharp only when the starch is freshly made . 3 It is obvious, therefore, 
that a stable starch indicator would add to the reliability and convenience of 
this method. 


A number of preservatives for starch indicators has been described, but, 
with the possible exception of salicylic acid , 1 they seem unsuitable for the special 
case of iodometric estimation of chlorides in biologic fluids. 

In our experiments the urine preservative containing acetyl-salicylic acid 
and hexamethylenetetramine 4 was used as a starch stabilizer with very good re- 
sults. It did not interfere with the iodometric method for chlorides in any 
particular. The preserved starch solutions were found to remain stable and ef- 
ficient as indicators, without any special precautions being necessary. They did 
not develop any odor and were about as clear as a freshly prepared starch 
solution. A negligible amount of white precipitate formed in the course of time 
but in no way interfered with the end-point. These solutions were kept at room 
temperature, since in the ice box their contents were found to precipitate out. 

The preserved starch indicator was tested in a number of iodometric de- 
terminations of chlorides and checked against a freshly prepared starch solu- 
tion. At the time of the test the preserved starch was from three to five months 
old, while the fresh starch was renewed every two days. The behavior of the two- 
indicators was compared in standardization of the KI solution, in the analysis - 
of NaCl controls and in the estimation of chlorides in blood and urine sped 
mens. The results obtained show very close agreement and are given in Table I 
In these experiments some of the blood specimens contained NaF and mon- 
ochlor- benzcne as preservative . 3 All urine specimens were preserved with 


•From the Laboratories of the Lite Extension Institute 
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200 mg. each of acetyl-salicylic acid and hexamethylenetetramine per 100 c.e. 
of urine.' 1 The last two substances were also added to a part of control NaCl 
solutions in the same concentration. The urines were all negative for albumin 
and the preliminary precipitation of the urine proteins was omitted. 2 

REAGENTS 

In view of possible interaction of the preservative with the buffer salts 
(sodium citrate and sodium nitrite) on long standing, it was thought safer to 
prepare the indicator in the form of two solutions (A and B) as recommended 
by Short and Gellis. c To Solution A was added the above preservative. Solu- 
tion B was left unchanged. The rest of the reagents were the same as used 
by the above authors and their procedure was followed for both blood and urine. 

Solution A ( Preserved • Starch )* — Bring 100 c.c. of water to boiling. Take 
off flame and immediately dissolve in it 2.5 gm. of soluble starch with constant 
stirring. Cool and dilute to 150 c.c. To the 150 c.c. of the cold solution add 
510 mg. of acetyl-salicylic acid U.S.P. and 510 mg. of hexamethylenetetramine 
U.S.P. Stir the mixture thoroughly to insure complete solution. Let stand 
overnight. By that time some solid material that may be left undissolved will 
settle to the bottom. Centrifuge for ten minutes at high speed. Decant care- 
fully the supernatant fluid. Keep at room temperature, tightly corked when 
not in use. 

Solution B (Buffer Salts). — Dissolve 466 gm. of crystalline sodium citrate 
and 20 gm. of sodium nitrite in about S00 c.c. of water. Dilute to 1,350 c.c. 
The two solutions are mixed just before use, in proportion of 1 c.c. of A to 9 c.c. 
of B. 

Standard Silver Nitrate Solution. — Dissolve 5.S12 gm. of AgN0 3 in about 
400 c.c. of water, using an 800 c.c. beaker. Add exactly 250 c.c. of HN0 3 
(sp. gr. 1.42). Cool to room temperature. Transfer to a liter flask and dilute 
to mark with water. 

Standard Potassht7n Iodide Solution M/73.1. — Dissolve 2.4 gm. of KI in a 
liter of water. Standardize by titrating against 5 c.c. of the AgN0 3 solution, 
to which have been added 5 c.c. of water and 6 c.c. of the starch indicator. Adjust 
so that the amount required will be 12.65 e.c. (12.50 c.c. to precipitate the silver 
nitrate and 0.15 e.c. to develop a definite end-point). 

PROCEDURE 

Into a 50 c.c. graduated tube introduce 20 c.c. of Folin-Wu blood filtrate 
and about 15 c.c. of water (or 1 c.c. of urine and about 35 c.c. of water). Add 
10 c.c. of AgN0 3 solution. Dilute carefully to the mark with water. Mix 
several times by inversion. Centrifuge for ten minutes at high speed and decant 
the supernatant fluid through a filter. Titrate 20 c.c. of this filtrate ( equivalent 
to 0.8 c.c. of blood, or to 0.4 c.e. of urine) with the KI solution, using 6 c.c. 
of the starch indicator. The KI solution is added slowly with constant stirring. 
Toward the end it is added drop by drop. A white porcelain dish instead of a 
glass vessel is used for titration. The yellow Agl precipitate serves as the cor- 
rect background for the end-point, which is the first permanent blue. 1 In our 
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experiments enough of tlie final filtrate was obtained for duplicate determina- 
tions, one of which was made with the preserved starch, the other with the 
freshly prepared starch. 

Calculation . — 

In the case of blood the formula is: 

(10.15 - c.c. of KI sol. used) x 100 = mg. NaCl per 100 c.c. of blood. 

In the case of urine the factor is doubled : 

(10.15 - e.c. of KI sol. used) x 200 = mg. NaCl per 100 c.c. of urine, 

\ 

since the amount of urine taken is only half that of blood. 


Table I* 


Comparison of Preserved and Fresh Starcii Indicators 


Standardization of KI 
c.c. KI used in titration 

Starch 

Preserved 

12.24 

Fresh 

12.25 



12.65 

12.63 


Value required = 12.65 c.c. 

12.67 

12.65 


per 5 c.c. of st. AgNO, sol. 

12.67 

12.65 



CONTROL NaCl SOLUTIONS 

STARCH 

STARCH 


MG. PER 100 C.C. 

OF SOLU- 

PRESERVED 

FRESH 

PRESERVED 

FRESH 

TION 

GIVEN 

FOUND 

FOUND 

% ERROR 


(a) 1,000 

998 

994 

-0.2 

-0.6 

Theoretical error 

(b) 1,000 

1,002 

998 

+0.2 

-0.2 

(varies with 
concentration) : 
±1% to ±3% 

(a) 500 

(b) 500 

494 

496 

497 

494 

-1.2 

-0.8 

-0.6 

-1.2 


(a) 250 

250 

256 

0 

+2.5 


(b) 250 

250 

254 

0 

+1.6 


(a) Pure NaCl solutions, (b) NaCl solutions containing acetvl- 
salicylic acid and hexamethylenetetramine. 


BLOOD CHLORIDES 
MG. PER 100 C.C. OF BLOOD 

The blood was preserved with NaF 
and Monochlor-benzene 

Theoretical deviation 
1.2-1.5% 


STARCH 

PRESERVED FRESH 

FOUND FO UND 

501 501 

473 477 

539 535 

5U 516 

405 413 

387 382 


STARCH 

PRESERVED FRESH 
% DEVIATION 
0.6 
0.8 
0.8 
0.4 
1.8 
1.3 


URINE CHLORIDES 
MG. PER 100 C.C. OP URINE 


The urine was preserved with acetyl- 
salicylic acid and hexamethylene- 
tetramine 

Theoretical deviation 
1-3% 


STARCH 

PRESERVED FRESH 

FOUND FOUND 


644 

910 

546 

260 

450 

700 

558 


652 

910 

546 

266 

450 

698 

550 


STARCH 

PRESERVED FRESH 
% DEVIATION 


•The preserved starch was 3-5 months Jv . — 

acetyl-salicylic acid and hexamethylenetetramine^'' mS lhe exppr,m ents. It w 


1.3 

0 

0 

2.5 
0 

0.3 

1.6 


as preserved with 


Note: The fresh starch was renewed 


every two days. 
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200 mg. each of acetyl-salicylic acid and hexamethylenetetramine per 100 c.c. 
of urine. 4 The last two substances were also added to a part of control NaCl 
solutions in the same concentration. The urines were all negative for albumin 
and the preliminary precipitation of the urine proteins was omitted. 2 

REAGENTS 

In view of possible interaction of the preservative with the buffer salts 
(sodium citrate and sodium nitrite) on long standing, it was thought safer to 
prepare the indicator in the form of two solutions (A and B) as recommended 
by Short and Gellis. 0 To Solution A was added the above preservative. Solu- 
tion B was left unchanged. The rest of the reagents were the same as used 
by the above authors and their procedure was followed for both blood and urine. 

Solution A (Preserved Starch )* — Bring 100 c.c. of water to boiling. Take 
off flame and immediately dissolve in it 2.5 gni. of soluble starch with constant 
stirring. Cool and dilute to 150 c.e. To the 150 c.c. of the cold solution add 
510 mg. of acetyl-salicylic acid U.S.P. and 510 mg. of hexamethylenetetramine 
U.S.P. Stir the mixture thoroughly to insure complete solution. Let stand 
overnight. By that time some solid material that may be left undissolved will 
settle to the bottom. Centrifuge for ten minutes at high speed. Decant care- 
fully the supernatant fluid. Keep at room temperature, tightly corked when 
not in use. 

Solution It (Buffer Salts ). — Dissolve 466 gm. of crystalline sodium citrate 
and 20 gm. of sodium nitrite in about S00 c.c. of water. Dilute to 1,350 c.c. 
The two solutions are mixed just before use, in proportion of 1 c.c. of A to 9 c.c. 
of B. 

Standard Silver Nitrate Solution . — Dissolve 5.S12 gm. of AgNO s in about 
400 c.c. of water, using an 800 c.c. beaker. Add exactly 250 c.c. of UNO, 
(sp. gr. 1.42). Cool to room temperature. Transfer to a liter flask and dilute 
to mark with water. 

Standard Potassium Iodide Solution M/73.1 . — Dissolve 2.4 gm. of Ivl in a 
liter of water. Standardize by titrating against 5 c.c. of the AgNO- solution, 
to which have been added 5 c.c. of water and 6 c.c. of the starch indicator. Adjust 
so that the amount required will be 12.65 c.c. (12.50 c.c. to precipitate the silver 
nitrate and 0.15 c.c. to develop a definite end-point). 

PROCEDURE 

Into a 50 c.c, graduated tube introduce 20 c.c. of Folin-Wu blood filtrate 
and about 15 c.c. of water (or 1 c.c. of urine and about 35 c.c. of water). Add 
10 c.c. of AgNO, solution. Dilute carefully to the mark with water. Mix 
several times by inversion. Centrifuge for ten minutes at high speed and decant 
the supernatant fluid through a filter. Titrate 20 c.c. of this filtrate (equivalent 
to 0.8 c.c. of blood, or to 0.4 c.c. of urine) with the KI solution, using 6 c.c. 
of the starch indicator. The KI solution is added slowly with constant stirring. 
Toward the end it is added drop by drop. A white porcelain dish instead of a 
glass vessel is used for titration. The yellow Agl precipitate serves as the cor- 
rect background for the end-point, which is the first permanent blue. 1 In our 
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DISCUSSION 

Inspection of Table I indicates that acetyl-salicylic acid in combination 
with hexamethylenetetramine forms a dependable preservative of starch solu- 
tions used as indicators. The theoretical error is given in the table. In the 
estimation of chlorides it varies with concentration of NaCl. It is equal to 
± 0.6 - 1.5 per cent when 2 c.c. of material is used and is nearly doubled when 
1 c.c. is taken for analysis. In our experiments the controls were done in the 
same way as the urines, 1 c.c. having been used; accordingly, the error here is 
the same. As to bloods and urines, the deviation between results obtained with 
the two indicators amounts in our case to the difference between duplicate 
titrations. It can be seen that the agreement is within theoretical limits. 

SUMMARY 

A stable starch indicator was prepared with the use of acetyl-salicylic acid 
and hexamethylenetetramine as preservative. It was found to keep in the 
original state for several months. Comparative tests indicate that it can be 
safely used in iodometric methods for chlorides in blood and urine. The tests 
further show that this indicator works well when the specimens themselves con- 
tain the above mentioned preservatives. 

I wish to thank Dr. James J. Short, Director of Laboratories of the Life Extension In- 
stitute, New York, N. Y., for haring given his help and encouragement in this work. 
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v SIMPLE METHOD FOR THE MANIFOLDING OF 
vviunflUAPlI TRACINGS* 


David Lubin, M.D., BaiwouE, Mo. 

TT IS often found desirable to ha™ ° ^hforMind, a method will be 

,Ue necessity of ffiins «»' »■' l> lilt< * or camera ' 
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Pig. 1- 


<3 s-tr/tx. 

Pig. 2. 


. n .. um smoked as described. Tracing 1, shellacked with a thin, fairly clear shellac. 

. r l P- i 'v,Jn^pked with a heavier fairly clear shellac. Tracing 3, shellacked with shellac 
' Ira ?\ n LMvdme to the formula. 

made Grade F No. 5 AZO exposed for thirty seconds and developed for 1.5 minutes. 

• * i thows a thin shellac does not render the kymograph record paper suitable for good 
reproduction with average exposure and development. 

The method depends upon the fact that when a tracing is made on a prop- 
erly smoked drum paper, and is carefully fixed with a suitable shellac, the 

• From the Department of Physiology, The Johns Hopkins Medical School. 
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recoi'd may be used directly as a negative, and contact prints may be made 
therefrom. 

An outline of the complete procedure follows: 

1. Smoking the Drum Paper . — The paper should be smoked evenly and 
densely, the usual care being taken not to char the paper. A yellow Bunsen 
burner flame is very satisfactory. 

2. Shellacking the Tracing . — It is essential for good copies that the proper 
grade of shellac be used. Reference to Tracing 1 in Pig. 1 will show the 
reason for this. The tracing should be passed through the shellac slowly and 
evenly, but only once. In our laboratories we have found the following shellac 
to give excellent results: Enough white granular shellac to occupy one-third 
of an eight-liter bottle is shaken with 250 c.c. of floor varnish and with 5,0S4 
e.c. of 96 per ceut grain alcohol and allowed to stand in a warm place for a 
month with occasional shaking. The clear liquid is then decanted and 5 c.c. 
of Venetian turpentine and 100 gm. of gum mastic are added, the mixture is 
shaken, allowed to stand, and the clear portion is siphoned off for use. 

3. Printing the Duplicates . — See Table I for choice of paper. Any type of 
printer may be adapted. A very simple one may be made bj' placing a light 


Table I 


USE 

name op paper 

EXPOSE* 

DEVELOP 

For further photographic repro-; 
duction, calibration, etc. 
Glossy prints 

Apex S No. 55 1 

Grade F. No. 5 AZO- 

About 3 minutes 

About 30 sceouds 

About 2 minutes 

1.5 to 2 minutes 

For notebook and classroom uso 
where glossy surface is not 
necessary 

Portrait proofing pa- 
per- 

ILess than 1 second 

10 to 15 seconds 

For enlarging from tracings 

1 

Apex S No. ooi 

PJIC Bromide No. 10 
Glossy — extra contrast^ 

About -1 minutes 
|About 2 minutest 

About 3 minutes 
.About 2 minutes 


•Exposure times stated are for average tracing such as Tracing 3 in Fig. 1 with a 60 
watt lamp (trusted) about three inches from tracing and paper. 

tWill vary with type of projector used. Two to three minutes is average with 500 watt 

lamp. 

‘Defender Film, Du Pont Film Manufacturing Co.. New York City. 

“Eastman Kodak Co., .Rochester, Now York. 


inside of a box with a plate glass top. The tracing is placed in the printer 
with the smoked side toward the light, and the sensitized paper is placed on 
top of the tracing, with the emulsion side also toward the light (see Table I 
for exposux-e and development time). 

4. Development . — The paper is developed according to the type chosen. 
For the types of paper listed I have found the Elon-Quiuol developer, put up 
in tubes by the Eastman Kodak Company, to be very satisfactory. 

5. Fixing . — All papers should be fixed for at least twenty minutes in the 
usual acid hypo bath. 

6. Washing of Prints . — All prints should be washed for at least three- 
quarters of an hour in running water or in several changes of clean water. 

The procedure as outlined is for the quick and inexpensive duplicating 
of records. Should facsimile duplicates be desired, a negative must first be 
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ICTERIC INDEX DEPEWMINAT10N 


st ss zxzsssz*' «* *»• 

duplicates. summary 

. " ;• r;— s— sis;s;s=::"-s 

toon. A method is rephotograpbmg camera, 

obtained without the use of film, plate, 01 icp 


ON THE TECHNIC OF MEULENOKACHT’S ICTERIC INDEX 

determination* 


p. Breh, PhD., Detroit, Mich. 


, i a q n/jiif sodium chloride solution, turbidity 

Wf JUa.es aceusatc tt *. «» 

,„d stawtad Motacnate soK«.o^ ^ ^ ^ ^ ptoceiuM , 

Although deteimma l ^ ^ diffieulty> Reinhold 1 claims that clearer 
little mention las ecu ‘ ate buffer so i ut i on 0 f pH 7 is used as a diluent, 
solutions are obtaine ^ improvement. Perhaps an even simpler method- 

con J. of diluting the son,™ with Mod watef 
and adding one drop of a 10 per cent solution of sodium hydroxide. 

Addin" a similar amount of sodium hydroxide to acetone solutions oi hili- 
imbin markedly alters their color, but no similar change occurs m the case of 
. Hv because buffers are present and other conditions aie different. 
Vetoes of determinations the results were identical whether sodium chloride 
! ulT nhosnhate buffer solution of pH 7, or distilled water and sodium hy- 
droxide ’solution in the above amount was used as diluent. The slight modifica- 
i ZL is suggested in the test has been found useful m numerous routine 
determinations of the icteric index and is, therefore, communicated to other lab- 
oratories. 1 


•from the Department of Laboratories. Henry Ford Hospital. 

Received for publication, February 13, 1331. 

'Cited by Hawk and Bcrgeim: Practical Physiological Chemistry, ed. 10, p. Hg. 



NOTES ON THE APPLICATION OP BISMUTH SULPHITE MEDIUM 
TO THE ISOLATION OP B. TYPHOSUS PROM FECES* 


T. P. Sellers, 31. D., Janie P. Morris, A.B., and Madge Reynolds, B.S., 

Atlanta, Ga. 


AN INVESTIGATION of Wilson and Blair’s bismuth sulphite medium at 
** the laboratories of the Georgia State Board of Health indicates that this 
medium promises to be a most valuable adjunct in the work of isolating B. 
typhosus from feces for purposes of diagnosis and of detection of carriers. 
We have been able to find little or no reference to this medium by American 
investigators. We are, therefore, citing our experience with it for the benefit 
of those who may be interested in giving it further trial. 

Wilson found in 1923 and 1926 that “B. typhosus in the presence of a fer- 
mentable carbohydrate is able to reduce a sulphite to a sulphide and that a 
combination of bismuth and sodium sulphite affords an enrichment and selec- 
tive medium for B. typhosus and at the same time partially or completely 
suppresses the growth of B. coli.” 

Wilson and Blair in 1927 1 (see also 1931) 2,3 incorporated this principle 
in a solid agar medium. While this medium has since undergone certain 
modifications, we have employed so far the original “Old Standard” formula 
as follows: 


1. Stoel : Agar Base . — 

Shredded agar (A.H.T.-IO) 30 grams 

Peptone (Bacto or Fairchild ) 10 grams 

Jleat extract (Liebig or Armour) 5 grams 

NaCl 5 grams 

Water 1,000 e.c. 

Prepare in the usual way. 


Note: No adjustment of the reaction is necessary. 

2. Bismuth Liquor . — A glass stoppered bottle is almost tilled with 500 c.c. water and 
the fluid level is marked on the side of the bottle. After pouring out the water, GO gni. of 
bismuth citrate is introduced, followed with 50 c.c. of distilled water. By means of a glass 
rod the citrate is made into a thin paste with the water; 20 c.c. strong ammonia water is 
then added and stirring is continued. The resulting chemical reaction produces some heat. 
The glass stopper is replaced and the bottle shaken until the bismuth is almost completely 
dissolved. 

Note: The formula calls for ammonia water of specific gravity 0.S80. We found that 
20 c.c. of the ammonia water we used was insufficient, but by adding more, a few drops at 
a time, a satisfactory solution was finally obtained. This was not water clear but had a 
smoky appearance. 

After dissolving the bismuth, the bottle is filled up to the 500 c.e. mark. The final 
appearance of the bismuth liquor is slightly opalescent and upon long standing a fine precipi- 
tate settles out. This should be shaken up before using. 

•From the Laboratories of the Georgia State Board of Health. 

Received for publication, February 9, 1931. 
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3. Preparation- of Medium , — 

(a) To each 100 e.e. of melted stock agar add: 

g e-C . 0 £ 20% solution of dextrose 
10 e.c. of 20% solution of sodium aulpliite (dried) 
g c.c. of tlio bismuth liquor. 

(b) Immerse the container in boiling v.nter for two minutes .remove and add: 

1 ..ram of di-sodium phosphate (anhydrous) vrtiwsh has 
previously been dissolved in 10 c.c. boiling water. 

1 e.e. of an S per cent solution of ferrous sulphate anhydrous. 

0.5 e.e. of a 1 per cent aqueous solution of brilliant green. 

, v vflt>r thoroughly mixing, pour at once into sterile Petri dishes about 10 to 15 c.c. 
<'> Allow <« a»a »»1 «H„ ...» «*r. Ilieu 

eovers and store in the iee box or use at once as required. 

- Xote: The following chemical reagents used by us seemed satisfactoij . 
Ammonium hydroxide — C.P. Sp. Gra\. 0.00. 

Sodium sulphite, dried Xa.SO, Baker. 

Di-sodium phosphate anhydrous NaJIPO, Baker. 

Bismuth citrate IJ.S.P. Alerck. 


Brilliant green, Gruebler. 

Ferrous sulphate, anhydrous, Baker. 

The finished product after cooling in the plates is of a pale greenish gray eolor, senn- 
opaque, and of a flaky texture, although the surface is smooth. 

Inoculation of Plates.— Shut most strains of B. coli are almost completely 
suppressed the plates may be inoculated much more heavily than ivhen using 
endo or eosin methylene blue plates. Three or four loops may be spread over 
each plate, taking care not to tear up the surface. 

While growth of B. typhosus and certain other organisms may be visible 
after twenty-four hours’ incubation, the colonies are more sharply differen- 
tiated after forty-eight hours. In the absence of B. typhosus, plates planted 
with feces are usually completely blank after forty-eight hours and can be 
discarded at a glance. Occasionally growth of organisms other than B. 
typhosus (see below) will occur, hut it is seldom that these need he confused 

with that of the latter. 

The typhoid colony when well isolated appears after forty-eight hours as 
rather small dry flat and very black with a metallic luster. It is surrounded 
b r a blackish smoky halo of from one to three mm. radius. In areas of the 
plate where the colonies are quite close together the description as given above 
does not apply s0 constantly and the halo effect may not appear. 

In Table I the growth and description of colonies of the important mem- 
bers of the enteric group is given. In the first column are the observations 
made by Wilson and Blair . 2 In the second column are listed the observations 
made by ns in our own experience. Both observations were made after forty- 
eio-ht hours’ incubation of the plates. 

Of the organisms listed in Table I, the growth and colony formation of B. 
typhosus is by far the most characteristic. On the other hand, in culturing 
fecal specimens on bismuth sulphite medium not every colony that is metallic 
black flat and dry and surrounded with a dark halo proves to be B. typhosus. 
We have occasionally encountered a variety of organisms which are capable 
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Table I 


Bismuth Sulphite Medium 


ORGANISM 

1 DESCRIPTION OF (UtOWTU AND 
COLONIES AS NOTED BY WILSON 

1 AND BLAIR- 

DESCRIPTION OP GROWTH AND 
COLONIES AS NOTED BY THE 
AUTHORS 

B. coli communis 

No growth 

No growth 

B. coli communior 

No growth 

Not tested 

B. Aero genes 

A few sticky colonies 

Sticky moist elevated grayish 
colonies with light centers — 
no halo 

B. morgan No. 1 

Fine greenish colonies 

Small pale green colonies 

B. Alcaligcnes 

No growth 

No growth 

B. dyscnteriac Flexuer 

Shiga, Hiss Y 

No growth 

No growth 

B. paratyphosus A 

Clear dry colonies 

Medium-sized light green col- 
onies with darker centers 

B. paratyphosus B 

Large blackish colonies 

Moist grayish brown confluent 
colonies 

B. typhosus 

Black metallic colonics with 
darkening 0 f surrounding 
media 

Black flat dry colonies with 
metallic dark halo 


of producing colonies very closely resembling those produced by B. typhosus. 
As yet no attempt lias been made by 11s to identify these except to satisfy 
ourselves that they were not B. typhosus. Wilson and Blair 3 found that at 
times B. paratyphosus B produces colonies similar to B. typhosus, as do also 
certain sulphite reducing strains of B. coli. The latter, however, are usually 
inhibited in growth by the addition of brilliant green. We propose to inves- 
tigate these later. Such “false alarm” colonies are only occasionally en- 
countered and can easily be ruled out. However, presumptive tests such as 
direct slide agglutination should not be relied upon as confirmation of B. 
typhosus. 

All suspicious colonies are picked and transferred to Russell's double 
sugar tubes and to glucose, mannose, maltose, saccharose and lactose tubes. 
It is often advisable to use every differentiating device available before mak- 
ing a definitely positive identification of B. typhosus. 

In Table II is shown a comparison of endo and bismuth sulphite media 
when plated with feces from known tj’-plioid carriers. 


Table II 


KNOWN 

B. typhosus 
CARRIES S 

ENDO PLATES 

BISMUTH SULPHITE PLATES 

Mrs. S. 

Pure culture typical typhoid about 

Pure culture — innumerable typical 


300 colonies 

typhoid colonies 

.1. F. 

6 typical typhoid colonies; numer- 

7o typical typlioid colonies; no B. 


ous colonies B. coli 

coli 

E. L. 

About 100 typical typhoid ; numer- 

Pure culture innumerable typical 

. 

ous colonies B. coli 

typhoid colonies 

T. G. j 

6 typical typhoid colonies; numer- 

Pure culture, about 100 typical ty- 


ous B. coli 

phoid colonies 


In all four cases the growth of B. coli was entirely inhibited on the bismuth 
sulphite plates, but in three cases the growth of B. coli on the endo plates 
o-reatly interfered with the detection of typhoid colonies. The endo plates 
were inoculated with only a fraction of a loop of specimen, while the bismuth 
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sulphite plates were more heavily inoculated with four full loops of specimen. 

Iu Table III the comparative results with endo and bismuth sulphite plates 
obtained from a series of selected routine fecal specimens is shown. 


Table III 


fecal specimen 

NO. 

ENDO PLATES 

WILSON AND BLAIR’S BISMUTH 
SULPHITE PLATES 

30 

Numerous B. coli colonies, no ty- 
phoid 

Many moist green colonies, no ty- 
phoid 

31 

Numerous B. coli colonics, no ty- 
phoid 

No growth 

i 

Numerous B. coli colonies, no ty- 
phoid 

Numerous small black colonies, no 
typhoid 

2 

Numerous typical typhoid colonies — 
and a few B. coli colonics 

Innumerable typical typhoid col- 
onies, no B. coli 

3 

Innumerable colonies of B. coli and 
related organisms — no typical 
typhoid colonies observed 

30 typical typhoid colonies, numer- 
ous small light brown colonies, 
no B. coli 

4 

Numerous B. coli colouies 

Many colonies suggestive of B. 
aerogenes, no typhoid 

5 

65 B. coli 

Two small black colonies without 
halos, not typhoid 

6 

Numerous B. coli 

Many black colonies without halos, 
not typhoid 

101 

100 B. coli ! 

150 small black colonies without 
halos, not typhoid 

22 

230 B. coli 

100 small black colonies without 
halos, not typhoid 

200 typical typhoid colonies, pure 
culture 

8 

50 typical typhoid and 30 B. coli 
colonies 

9 

15 typical typhoid, 100 B. coli 

About 300 typical typhoid, pure cul- 
ture 

10 

75 typical typlioid, 100 B. coli col- 
onies 

200 typical typhoid colonies, pure 
culture 

13 

3 typical typhoid, numerous B. colt 

Numerous typical typhoid colonies, 
pure culture 

11 

Numerous B. coli, no typhoid col- 
onies seen 

2 typical typhoid, 4 unidentified col- 
onies 

111 

Numerous B. coli 

About 300 small green colonies later 
found to be B. morgan 

44 

Numerous B. coli 

No growth 

222 

Numerous B. coli 

No growth 

1111 

50 B. coli, 6 B. alcaligenes 

5 black colonies not typhoid 

7 

Numerous B. coli, no typhoid seen 

Numerous typical typhoid colonies 
pure culture 

88 

Numerous laTge clear colonies re- 
sembling B. alcaligenes. Also 
numerous B. coli 

100 typical typhoid, pure culture 

99 

Numerous B. coli, several clear col- 
onies suggestive of B. alcal- 
igenes 

1 black colony with small halo but 
not typhoid. 1 large black col- 
ony without halo, not typhoid. 3 
round black moist colonies, not 
typhoid 


Of the 22 specimens listed in Table III, nine proved to contain B. typhosus 
with the bismuth sulphite medium of which only 6 were positive on the endo 
plates. In no instance was B. typhosus found on endo plates and not on 
bismuth sulphite. Some of these specimens were from known chronic car- 
lieis, others from convalescents and some from active cases. The fmdin" of 
typhoid bacilli in Specimens 11, 3, 7, and 8S would very probably have been 
missed if endo medium only had been used. 
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As previously stated, not all typhoid-like colonies appearing after forty- 
eight hours on bismuth sulphite plates prove to be B. typhosus. Therefore 
the usual confirmation tests should be applied. 

ADVANTAGES AND DISADVANTAGES OE BISMUTH SULPHITE .MEDIUM 

Advantages . — 

1. Since B. coli is almost completely inhibited, colonies of B. typhosus have 
room to develop. The interference of B. coli growth on endo is often a serious 
handicap in the finding of typhoid colonies, especially if the latter are not 
numerous. 

2. Bismuth sulphite plates may be heavily inoculated without fear of over- 
growth. Obviously this enhances the prospect of finding B. typhosus. In 
examining large groups of food handlers, this is particularly advantageous, 
in that only one bismuth sulphite plate need be inoculated. In using endo 
plates it is necessary to inoculate several at once or one or two daily for three 
or more successive days, a procedure which requires considerable time and 
materials. 

3. B. morgan No. 1 grows well on bismuth sulphite plates, producing 
rather characteristic green colonies. Our experience with this organism sug- 
gests that its pathogenic significance has not heretofore been appreciated. 
Morgans’ bacillus also grows well on endo, producing clear colonies not unlike 
typhoid. However, it is easily overlooked on endo plates, due to overgrowth 
of B. coli and to the small amount of specimen inoculated. 

Disad vo n tages . — 

1. Bismuth sulphite plates require forty-eight hours’ incubation before 
satisfactory observations can be made. Endo plates, on the other hand, may 
be read after twenty-four hours’ incubation, 

2. Bismuth sulphite plates, in our experience, may deteriorate after three 
or four days even at ice box temperature. B. typhosus will grow to some 
extent on old plates, but the colonies are not always characteristic. Thus it 
is not feasible to prepare, as in the ease of endo, a supply of poured plates 
larger than the anticipated needs for three or four days. 

3. Bismuth sulphite medium is not so satisfactory for the culturing of the 
paratyphoids and dysentery bacilli, with the exception of Morgan’s bacillus 
which probably should not be classified with the B. dysentery group. 

4. Bismuth sulphite medium is more difficult to prepare than endo or 
similar media. This fact, together with its instability after three or four days, 
limits its use to such laboratories as have frequent occasion to examine rela- 
tively large groups of dairy workers and food handlers for the purpose of 
detecting typhoid carriers. 

CONCLUSIONS 

The bismuth sulphite medium as devised by Wilson and Blair is shown 
to be superior to endo medium as a means of laboratory detection of B. 
typhosus. 
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The preparation of the medium, its practical application and its advan- 
tages and disadvantages are discussed. 

Bismuth sulphite medium is especially recommended for use in state and 
municipal laboratories where the detection of typhoid carriers among food 
handlers and dairy workers is an important feature. 
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A SOLUTION PRESSURE DOME FOR THE MAMMALIAN 

LABORATORY* 


0. 0. Harne, and C. Earl Butts, Baltimore, Md. 


F OR several years in our mammalian laboratory we have used a portable 
unit containing the various salt solutions (anticoagulative and physiologic) 
under pressure. The system has been so satisfactory from both the standpoint 
of utility and ease of manipulation, that we feel it should be offered for adop- 
tion. 


The availability of a sensitive, low displacement value instrument such as 
the Tyeos sphygmomanometer, lead immediately to its utilization for measur- 
ing those pressures which ordinarily are measured with manometers and other 
devices having a high displacement value. Some uses are illustrated in Figs. 3. 
4, 5, and 6. For example, if during a blood pressure experiment direct readings 
are desired, the Tyeos gauge may be cut into the circuit for a short period by 
manipulating stopcock x, Fig. 4. The systolic and diastolic pressures may be 
read off while the record is being made, and each experimental factor studied, 
may be dealt with directly in a quantitative way. When the apparatus is used 
to measure urinary or salivary secretion pressure, as illustrated in Fig. 6, the 
clamp at x on the outlet K of the apparatus is removed and applied at ’x on 
the flow-cannula. The low displacement value of the system allows for quick 
readings after which the clamps are restored and the flow again determined 
This latter convenience has been found very advantageous in student work. 

The apparatus may be used in parallel with a recording tambour (see 
Fig. 3), in closed circuit systems. Balloons in the stomach may he inflated to 
any desired tension, and the activity of the stomach thereupon recorded by a 
standardized tambour By this method the force of the gastric activity may be 
recorded, and observed directly upon the Tyeos gauge. 


•From the Department oC Physiology, Universlty 
Reeeived for publication, February 23. 1331 


of Maryland, School 


of 


Medicine. 
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In experiments upon intracranial pressure in dogs (see Fig. 5), the pressure 
dome is kept in continuous connection with the cranial cannula. The citrate 
pressure unit is manipulated, however, exactly as in the ease of blood pressure 
(Fig. 4). 



Fig. 1. — Photograph of solution pressure dome now in use. The function of each part can be 
understood by referring to the index letter of Fig. i. 



The compressed air which is trapped in the dome is available through 
valve F, and occasionally, is found useful in clearing obstructions from cannulas 



“ — * “”T, : 

md syringe needles. These ““ “““Ld nU.t’tposal means 

01 * ^ oE “ 





The Apparatus.—] Pigs. 1 and 2 illustrate the apparatus photographed, and 
in cross-section, respectively. The units used are easily assembled in any lab- 
oratory shop, and are available on the open market. They are: 1 two-liter 
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museum jar; 5 small needle valves ( Vs inch) or better, small valves made from 
compression couplings; 1 small steam gauge (3-inch face); 1 Tycos blood 
pressure gauge (taken from stock); 1 Tycos pump; the necessary pipe and 
couplings (obtainable from any plumbing supply house). 

The entire unit costs but a few dollars and can be arranged neatly and 
mounted as desired. The apparatus as shown in Fig. 1 is mounted to take 
up very little table space, and to contain an ample charge of solution for average 
need. The jar ( P ) is charged with 1 liter of solution through intake (0) of 
valve (G). Above the solution a one-liter space serves as a compression chamber. 
The pressure in this chamber is built up to the desired point (about 6 pounds) 
through connection (.Y) of valve (F) by a hand pump taken from a blood 
pressure outfit. The pressure is read off directly upon gauge (E). This pneu- 
matic cushion serves as the motive power to drive the solution (B) through the 



entire system. Two valves (D) and (II) in series provide convenient manipula- 
tion and control of the solution. (Valve D controls the rate of fiow, while 
valve II serves primarily as a check, off or on.) By the use of this series system 
of valves one may set valve (D) at any given rate of flow, and return to it again 
and again. Outlet (K) is connected to the apparatus or system to be operated 
or tested and is always in parallel with pressure gauge (7). Valve ( L ) is a 
drain, and is used to release fluid from the system or to reduce the pressure built 
up through valves ( D ) and (II). (A) and (./) are rubber stoppers, which 

seal the museum jar (P) and the Tycos gauge mounting. By this system both 
the jar and the gauge may be removed instantly. The system is prepared for 
storage by emptying the jar and forcing through the system air under pressure. 
The systems come out of storage in good condition and are quickly placed 
into use. 


DEPARTMENT OF REVIEWS AND ABSTRACTS 


Robert A. Kalduffe, M.D., Abstract Editor 


SYPHILIS, Standard. Treatment Procedure in Early: A Rfisunid of Modem Principles, 
Stokes, JT. H., Cole, H. N., Moore, J. E,, O’Leary, P. A., Wile, TJ. J., Parran, T. Jr., 
Vonderlehr, R. A., and Hsilton, L. J. J. A. M. A. 102: 12(57, 1934. 

Tlie resume following is the product of a massive, world-wide investigation and repre- 
sents the generally acceptable principles applicable to the management of this disease. 


CONTROL OF INFECTIOUSNESS IN SYPHILIS 


1. Infectiousuess in syphilis is a function of three factors: (a) time; (b) arsplien- 
amine; (c) individual predisposition to relapse. 

2. Infectiousness is not a function of the serologic state of the patient. No serologic 
test has any value as a proof of infectiousness or noninfeetiousness, early or late. 

3. Syphilis, treated or untreated, is most infectious early, grows less with lapse of time, 
is rarely infectious (but may be so) after five years. Late syphilids and late prenatal 
(congenital) cases are not infectious. 

4. Therefore, spar for time and delay in any issue involving infectiousness (i.e., mar- 
riage, intercourse). 

5. Infectiousness is controlled and syphilis will be extinguished, if ever, as a health 
problem, by the treatment of the infectious person. 

G. The public health responsibility of the physician is therefore with the early months 
and years of the disease. 

7. Treatment to control infectiousness must be with the arsphenamines. No other drug 
will do. 

8. The use of arsphenamines must not be delayed even to secure any minor individual 
immunizing advantage. 

9. Treatment to control infectiousness must be continuous, not intermittent, and last at 
least eighteen months. Best periods encourage relapse. 

10. Acetarsone (Stovarsol), tryparsamide, and nonspecific (including fever) therapy 
must not be expected to control infectiousness. 

11. Search for infectious lesions is ineffective, except as an adjunct. Hence inspection 
of prostitutes is useless. 

12. Instruction and cooperation by the patient is ineffective and untrustworthy except 
as adjunct. 

13. The amount of arsplicnamine required is not less than twenty injections. The 
critical point is between 5 and 9. 

14. Heavy metal is required as an adjunct. 

15. The infectiousness of semen and vaginal secretions, even in the absence of lesions, 
in early and latent syphilis demands absolute mechanical protection in intercourse, treatment 
or no treatment. Continence, advised, is seldom practiced. 

16. Inspection, instruction, control and protection arc more essential in rest periods than 
under treatment. 

17 ' Iliere 1S a re,a I ,sm S type of early syphilis regarding which no rules or predictions 
can be formulated. 


18. In relapsing types, infectiousness may reappear immediately after 
(arsphenaniine resistant), treatment with the arsphenamines. 

19. Alcohol, dirt, bad hygiene, irritants including tobacco, sweat 

course) predispose to infectious lesions. ' ’ 


or even during 
friction (inter- 
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20. The great promoter and sourso of relapse is the short arsplienamine course (one to 
four injections) unsupported by other treatment. 

21. Treatment prophylaxis (after exposure) is unreliable. If given it must be followed 
through. 

22. Adecpiate examination of patients would protect physicians, dentists, nurses and 
transfusion recipients from most risks of accidental infection. 

23. The nonpregnant, nonsyphilitic woman should be protected mechanically and by 
treatment of the partner. 

24. Conception should not take place except under treatment control. 

25. The child of the pregnant syphilitic woman should not be destroyed, but protected 
in utero by treatment of the mother, before and after conception, and of the father, if 
syphilitic, before conception. 

The term applied by Pusey to the superior outlook of treatment begun in the primary 
stage of syphilis before the blood serologic tests become positive (“seronegative primary”) 
has been justified abundantly by statistical analysis. The proportion of “cures” when 
treatment is begun in the seronegative primary stage (diagnosis by dark-field or other 
identification of Spirocheta pallida ) is, as given, 71.4 per cent average and from S3 to S6 
per cent best results. “When, through failure of the patient to present himself or of his 
physician to diagnose primary syphilis until the blood test becomes positive, treatment is not 
begun until the so-called seropositive primary stago “cure” is attained in only 53.3 per cent 
by average and from 64 to 70 per cent by the best methods. This represents a clear loss of 
18 per cent in outlook for “cure” by the delay. If the patient goes on to tho development 
of a secondary eruption of course with a positive blood test, “cure” is attained in only 50 
per cent by average and 61 to 82 per cent by best methods. This represents a possible loss 
of 21 per cent by average and 14 per cent by best methods over the outlook prevailing when 
treatment is begun in the seronegative primary stage. 

It is accepted now as axiomatic that no patient with early syphilis should be treated by 
the sole use of an arsenical. 

Just as no patient should be treated exclusively with an arsenical, so also no patient 
should be treated exclusively with a heavy metal, even with bismuth, for all that it possesses 
greater spirocheticidal qualities than mercury. 

One of the most important contributions of recent years to the technic of treatment of 
early syphilis has been to the question of intcrmittcncc as distinguished from continuity of 
treatment. 

It may now be said with positiveness that the old practice of administering treatment 
in early syphilis by fits and starts, conditioned on the AVassermann report of the blood, is 
pernicious; that even the introduction of a few weeks of complete rest from treatment into 
the management of the first eighteen months of the disease is likely to be profoundly in- 
jurious; that the patient who lapses or escapes treatment during this period is his own 
worst enemy; and that no rest intervals, and a regimen in winch the patient is constantly 
receiving either an arsenical or a heavy metal during the first year of the disease or longer, 
if the indications require, is the best and safest modern practice, in the interest both of the 
patient and of the public health. 

Continuous treatment, then, whether prolonged or brief, and practically regardless of the 
drugs used, is superior in its results to the intermittent or other schemes of treatment. 

The failure of the blood AVassermann reaction to reverse is more a matter of how 
treatment is given than of how much treatment is administered. A little treatment con- 
tinuously given is more than twice as effective as when intermittently applied and more than 
four times as effective as when irregularly given. Prolongation and intensification of treat- 
ment however, using much arsphenamine and much heavy metal, but especially much 
arsplienamine in the first three months, promotes good results. Much arsphenamine and 
uch heavy metal is four times as effective as little arsphenamine and little heavy metal in 
securing a negative AVassermann reaction within this period, when the drugs are continuously 

used. 
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A Scheme op Treatment for Early Syi-iiilis 
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INTERIM 

TREATMENT 


BLOOD 

WASSER- 

MANN 

REACTION 


COMMENT 


Arspheuaiuinc dosage for first 3 
injections at level of 0.1 gw. for 
each 25 pounds body weight; 0.4 
gm. men; 0.3 gin. women; in 
average patient all lesions heal 
rapidly and blood Wasscrmann 
reaction becomes negative dur- 
ing first course ; if arsphenamine 
cannot be used, substitute S to 
10 doses 0.3 gm. silver arsphen- 
amine, or 10 to 12 doses 0.0 gm. 
neoarsphenamine; this applies 
also to subsequent courses. 


0.4 


Bismuth, 4 doses, 
0.2 gm. and KI 
or TJng, Ilg. and 
SI 


If mercury is used note overlap of 
one week at end of first and 
start of second arsphenamine 
courses; at this point a few 
days without treatment may be 
dangerous ; neurorccurrence. 


12 

13 

o o 



Arsphenamine starts, bismuth 
stops; watch for provocative 
Wassermann reaction after first 
dose of arsphenamine. 

14: 

0.4 



Try to prevent short lapses in 

15 

0.4 



treatment, especially at this 

16 

0.4 



early stage. 

17 

0.4 




18-23 


Bismuth, 6 doses, 

1 




or Ung. Hg. and 





KI 



24 

0.4 



Bismuth is better than mercury; 


0.4 



use it if possible; examine cere- 

26 

0.4 



brospinal fluid at about this 

27 

0.4 



time if patient’s cooperation can 

28 

0.4 



be secured. 

29 

0.4 




30-37 


Bismuth, 8 doses, 





or Hg. and KI 



38 

0.4 


1 

Note that bismuth or mercury 

39 

0.4 



courses are gradually getting 

40 

0.4 



longer — 4, 6, 8 and now 10 

41 

0.4 



weeks. 

42 

0.4 




44-53 


Bismuth, 10 doses, 





or Ung. Hg. and 





KI 



54 



1 

The average seropositive primary 

55 

0.4 



or early secondary patient should 

56 

0.4 



have at least 5 courses of 

57 

0.4 



arsphenamine. 

58 

0.4 




59 

0.4 


1 


60-69 


Bismuth, 10 doses, 


It is safer to finish treatment with 



or Ung. Hg. and 


bismuth or mercury rather than 



KI 


with arsphenamine. 

70-122 


Probation. No 

G-12 

Blood IVassermann every month if 



treatment. 


possible, at least every other 





month. 


Complete physical and neurologic examination, spinal puncture and, if possible, 
fluoroscopic examination of cardiovascular stripe. Thereafter, yearly physical 
examination blood Wassermaun every six to twelve months; if the two spinal 
fluid examinations above are negative, this need not ho repeated. 
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The distressing frequency of the practice, for which physician or patient may be to 
blame, of giving four or live arsphenamine injections, testing the blood, finding the patient 
Wassermann negative in an early ease, and virtually dismissing him with a few pills, inunctions 
or heavy metal injections should be fought with every resource that current knowledge can 
bring to bear. 

It appears from the Cooperative Clinical Group investigation that the original arsphen- 
amine when used alone is superior in rapidity of action on the blood Wasscnnann reaction; 
but the deficiencies of neoarsphenamine are to some extent compensated for by its use with a 
heavy metal and by its employment in a continuous rather than an intermittent system of 
treatment. 

It appears that after two years of observation or treatment the largest number of 
patients obtaining satisfactory results falls in the category of those receiving from twenty to 
twenty-nine injections of an arsphenamine and a similar amount of heavy metal. Thus, 
thirty injections of the arsenical becomes a therapeutic objective, in place of the “forty oi 
over” suggested by the results of earlier investigators. 


REACTION PREVENTION PRINCIPLES 

1. Inquire into the history of idiosyncrasy, allergic tendencies, skin irritability (espe- 
cially eczema and seborrhea), focal and intercurrent infection, liver damage, and pregnancy 
before treatment is begun. 

2. Question the patient before each treatment regarding (a) itching skin or rash; (b) 
purpura and melena; (c) gastrointestinal reaction; (d) condition of the mouth and teeth. 

3. Examine at least the eyes (jaundice), face (dermatitis), mouth (salivation, bismuth 
pigment, purpura), flexures of the elbows (dermatitis), wrists and ankles (purpura) before 
each treatment. Take the temperature. 

4. Make the first dose of any drug not more than half the full dose. 

5. Pull back on syringe pistons: before intravenous injections to bo sure of vein entry; 
before an intramuscular injection to be certain a deep vessel has not been entered. 

6. Inject intramuscularly into the inner angle of the upper outer quadrant of the 
buttock and massage long and well after the injection. 

7. Inject all solutions for intravenous use slowly through a small needle; not faster than 

0.1 gm. per minute for neoarsphenamine. 

8. Keep carbohydrate and alcohol low in the diet, and protein and fat high. 

9. Permit only a light meal before and after an arsenical and prescribe a mild cathartic 
the morning after. 

10. Make a urine examination biweekly. 

11. Give calcium freely. 

PHYSICIAN-PATIENT RELATIONSHIP AND RESPONSIBILITY 

The pliysiean should lay before the patient the facts under these heads: 

1. That lie lias syphilis and present the evidence for the statement. 

2. His outlook for ‘ ‘ cure ’ ’ with emphasis on the excellent reward of persistence in 
early eases. 

3. The general faets of infectiousuess as previously outlined. 

4. The possibility of marriage, under medical control with personal cooperation, and 
the possibility of healthy offspring under prenatal direction and treatment, 

5. The necessity for postponement or avoidance of marriage, intercourse, and pregnancy 
until the infection is under therapeutic control with the arspiicnaniines. 

G. The relative inefficiency of the blood serologic tests as a measure of infectiousness, 
fitness for marriage or conception and “cure” (reiterate). 

7. The dangers (relapse, neurorecurrence, serologic irreversibility and treatment-fastness, 
precocious tertiarism and malignant syphilis) of inadequate, short course, and irregular treat- 
ment. 

S The lulling into false security produced by the quick disappearance of symptoms under 
treatment. 
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9. The probable treatment requirements; including at least an eighteen months’ estimate 
for early syphilis, whether seropositive or seronegative, primary or secondary. 

10. Personal hygiene, control of treatment reactions, and symptoms of infectious recur- 
rence. 

11. The need for observation throughout life. 

12. Special arrangements (examination of contacts and infection source; of family; com- 
munication of facts to others; treatment arrangements for travelers and nonresidents). 

13. The probable costs and their settlement or adjustment. 


TUBERCLE BACILLI, In the Gastric Contents of Tuberculous Children, Gourley, I. Am. 

Rev. Tuberc. 29: -101, 1934. 

Fifty-nine cases of childhood tuberculosis have been studied by gastric lavage and guinea 
pig inoculation. All of these children reacted positively to the intracutaneous tuberculin test. 

Fifty of the 59 patients had demonstrable lesions in the roentgenograms of the 
lungs. Nine had no demonstrable lesions. Their only evidence of tuberculosis was the posi- 
tive tuberculin test. 

Twenty-eight cases, 47.4 per cent, of the 59 were found to have tubercle bacilli in the 
gastric contents. Thirty-one cases, or 52.G per cent, of the 59 cases studied, were negative 
for tubercle bacilli in the gastric contents. Of the 50 children with demonstrable lesions, 
28, or 56 per cent, had positive gastric contents. 

Fourteen children, or 50 per cent of the cases with positive gastric contents, were of 
school age. Should children with gastric contents containing tubercle bacilli be kept from 
close contact with healthy children 1 

Twelve children had calcium in the parenchyma of the lungs or regional lymph nodes. 
Five of these had positive gastric contents. 

This study apparently indicates that all types of parenchymal lesions in childhood tuber- 
culosis including the “C” group of Me Phedran’s classification are open cases. Further 
study is to be made before a definite conclusion can be reached. 


TUBERCLE BACILLI, Demonstration of, in the Feces, Sputum, and Stomach Contents of 
Tuberculous Children, Mishulow, L., Kereszturi, C., and Hauptman, D. Am. Rev. 
Tuberc. 29: 471, 1934. 


From the results obtained in this investigation, the following conclusions may be 
drawn : 

1. Guinea pig inoculation should be made as a final confirmation when specimens are 
negative on smear examination. 

2. Repeated examinations should be made in doubtful cases, inasmuch as positive 
and negative results are frequently obtained in the same case when the specimens are taken 
on different days. 

3. The indications are that repeated examinations of feces by smear and guinea pig 
inoculation may prove as satisfactory as the examination of gastric lavage specimens. 


4. As a diagnostic method, the examination of feces would be much more desirable 
than gastric lavage, as it could be easily repeated as often as necessary without any dis- 
comfort to the patient. Although gastric lavage examination has given very satisfactory 
results it is not always a desirable procedure, as it is hard on the patient when repeated 
examinations arc made, and it is not feasible in some cases/ especially when the patient is not 
hospitalized. 

5. In the GO cases in this series, the examination of feces, gastric contents, and sputa 

(when they were obtained) showed 10 per cent positive in children who were apparently well 
at the time of examination, 54.5 per cent positive in those that were slightly ill and G3 1 
per cent positive m the children who were very ill. ’ 

G. Of the children who had destructive parenchymatous pulmonary lesions, S3.3 per cent 
shoued positive results and of those who had nondestructive parenchymatous lesions, 24 
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per cent were positive. Cases with only positive intracutaneous tests, hilum lymph node 
tuberculosis, pleurisy with effusion, and tuberculous peritonitis, were all negative. 

TUBERCLE BACILLI, In the Sputum aud Eeces of Children Without Pulmonary Tuber- 
culosis, Nalbaut, J. P. Am. Rev. Tuberc. 29: 4SI, 193-1. 

Out of 19 children under fifteen years of age, 7 were found to have tubercle bacilli 
in the contents of their gastrointestinal tract. They had no demonstrable pulmonary 
tuberculosis. 

BLOOD SEDIMENTATION RATE, Relationship Between Pibrinogen Content of Plasma 

and, Gilligan, D. R., and Ernstene, A. C. Am. ,T. M. Sc. 187: 552, 1934. 

One hundred and ninety simultaneous measurements of the fibrinogen content of the 
plasma and the “corrected sedimentation index” were made in normal individuals and in 
patients with various kinds and degrees of pathologic conditions. , 

A close correlation was observed between the plasma fibrinogen content aud the cor- 
rected sedimentation index. 

In certain cases with liver damage the corrected sedimentation index is increased dispro- 
portionately to the increase in plasma fibrogen content. 

The results of the investigation indicate that, except in certain cases with liver damage, 
the plasma fibrinogen content plays the major role in controlling the corrected sedimentation 
index. 

LEUKOCYTE COUNT, Effect of Hyperpyrexia Induced by Radiation Upon the, Bierman, 

W. Am. J. M. Sc. 187: 545. 1934. 

Hourly observations were made of the changes occurring in the leucocyte count of 
patients suffering from varied diseases in whom hyperpyrexia was induced by means of radio 
waves of 30-meter length. 

An initial reduction, about 25 to 30 per cent, in the number of leucocytes regularly 
occurs, usually during the first or second hour of treatment. This is constantly followed by 
a leueocytosis whose maximum, amounting to about SO per cent above the initial figure, occurs 
about the sixth to the ninth hour. 

These variations are due mainly to changes in the total number of neutrophiles, of 
which the staff neutrophiles show the greatest increase. These changes, together with the ap- 
pearance of other immature forms, indicate a stimulation of the bone marrow. 

At a later stage the monocytes and lymphocytes also increase in number. 

Repeated stimulation by heat is followed by a reduction in the leucocytic response. 

ARTHRITIS, Rheumatoid, Autogenous Vaccines in. Short, C. L., Dienes, L., and Bauer, W. 

Am. J. M. Sc. 187: 615, 1934. 

Skin tests made with bacterial strains isolated from arthritic patients do not allow us 
to select specific strains for vaccine therapy. 

Skin tests without using several subjects as controls are without any significance. 

Variations in the skin reactions may be explained by differing irritability of the patient's 
skins, natural toxicity of the bacterial species, or possibly by a sensitization to certain bac- 
terial groups. 

The different methods winch have been recommended for the selection of specific vaccine 
strains are without a solid theoretical or experimental foundation. 

The above conclusions suggest that the therapeutic effect, if any, gained from autogenous 
vaccines is nonspecific. 

The hypothesis that rheumatoid arthritis is a disease of allergic origin is not supported 
by conclusions drawn from the interpretation of uncontrolled skin reactions with autogenous 
vaccines. 
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LEUKOCYTE COUNT, following Obstetric Analgesia Produced by Pentobarbital Sodium, 

Hardwick, R. S., aud Randall, L. M. J. A. M. A. 102: 1558, 193-1. 

There has been nothing in the behavior of the mother or infant in any case in which 
pentobarbital sodium was administered to indicato any deleterious effect. Studies of the 
blood from this group of patients give no evidence of the production of a leucopenic condi- 
tion with the amounts of pentobarbital sodium administered. 

This series of studies of leucocyto and differential counts indicates that tlio greatest 
leucocytosis occurs at the fifth hour postpartum. The level of leucocytes falls steadily to the 
fourtli day, when the number of leucocytes per cubic millimeter of the blood remains constant 
until the last examination on the tenth day. 


TAKA-ARATA TEST, A Modified Mercuric Chlorid Reaction in Cirrhosis and Neoplasms 
of the Liver, Crane, M. P. Am. J. M. Se. 187: 705, 1931. 


Method. — Reagents : 0.9 per cent sodium chloride solution ; 10 per cent sodium carbonate 
solution; 0.5 per cent mercuric chloride solution; 0.025 per cent aqueous fuchsin solution. 

Into each of a row of 8 small glass tubes (those used for determining blood hemolysis 
are quite suitable) is placed 1 c.c. of 0.9 per cent sodium chlorid solution. To the first tube 
is added 1 c.c. of blood serum, ascitie or other fluid. Prom the mixed content of the first tube 

1 c.c. is transferred to the second, the tube shaken, then 1 c.c. transferred from Tube 2 to 
Tube 3, and this pro’cedurc is continued throughout the series. In the eighth tube the 1 
c.c. removed is discarded. The dilution of the serum or other fluid then ranges from 1 to 

2 in the first tube to 1 to 256 in the last. To each tube is then added 0.25 c.e. of the 
sodium carbonate solution and 0.3 c.c. of the freshly prepared Takata reagent, which consists 
of a mixture of equal parts of the mercuric chlorid and aqueous fuchsin solutions. Readings 
are made immediately, and at one-half -hour and twenty-four-hour intervals. They depend 
entirely on the precipitate in the tubes. The precipitate at the end of twenty-four hours is 
almost invariably the most definite and constant, since precipitate which appears at earlier 
readings frequently diminishes or disappears on standing. Clouding and color changes are 
without importance; the same is true of the blue granular precipitate that sometimes occurs 
in the tubes of highest dilution, i.e., the seventh and eighth. 


In view of the fact that we are concerned only with precipitation and that color changes 
play no part, the author has found it possible to omit the fuchsin. A further slight modifica- 
tion is the use of 6 tubes, rather than 8; for as previously mentioned, the precipitate in the 
last 2 tubes is without significance, and often occurs in distilled water alone. 

The readings are made as minus (no precipitate, 1+, 2+, or 3+). Charting is of con- 
venience. After moderate practice, charting is unnecessary and readings are negative posi- 
tive, or, for the sake of comparison in cases that are followed progressively, strongly positive. 

The standard by which positive reactions are judged is the appearance of a definite 
precipitate in 2 of the first 3 tubes, and at the same time a precipitate in any number of tho 
following tube, with the exceptions as previously noted. Positive reactions are usually quite 
characteristic, and negatives may have no precipitate in any tube, or a 1+ or a 2+ in any of the 
tubes from 4 to 7 alone. 

Blood if freshly collected must be centrifuged; due care must be exercised to prevent 
hemolysis, as it is possible that this may cause false positives. The presence of bile is without 
influence. Blood or other fluids may bo preserved almost indefinitely on ice or with toluol 
Ascitic fluid that contains blood or pu3 must also be centrifuged. 

The test is positive only in advanced cirrhosis, and is therefore of little value from 
the standpoint of early diagnosis. 


Its chief worth lies in its differential diagnostic value to distinguish between 
and various liver neoplasms and other advanced liver disturbances. 


cirrhosis 
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Recent Advances in Sex and Reproductive Physiology* 

pROFESSOlt F. A. E. CREW, in the introduction to this book remarks that: “Man has 
* turned from the adventurous conquest of his environment to the conquest of himself. 
Today is the day of biological invention, eagerly used for the control of the undesirable and 
the unwanted. Sex and reproduction are no longer hedged around by myth and taboo; they 
are no longer accepted as mysteries that defy understanding. They are matters inviting 
examination and explanation; they are regarded as expressions of physico-chemical forces, 
the nature of which is to be displayed. It is accepted that when knowledge is sufficient, con- 
trol will be absolute, and, though knowledge is not yet sufficient, readers of this book must be 
persuaded to the view that this will not always be so.” 

Tlio purpose of the volume is to present to the reader a survey *of the present status 
of investigations concerned with the sex glands and the female sex hormones. As, of course, 
the greater part of the available information iu this field is the result of animal research 
the work is naturally concerned with the studies made on animals and especially with those 
conducted on primates. 

The volume deals essentially with the sexual and reproductive phenomena in the female 
in relation to the activity of the sex hormones. 

It is an easy reading compilation and correlation of the work of many investigators 
which will serve the purpose of concentrating under one cover much of the literature reporting 
the investigations in this field. 

A fairly extensive bibliography is appended which does not include, however, many 
American references of interest to students of this problem. 

The book can be recommended to all who are interested in this phase of medical in- 
vestigations. 


Neuropathology! 


T HE development of neurology as an independent unit of the medical sciences, and the 
great advance which has been made in this highly specialized field has naturally been 
accompanied by a corresponding accumulation of facts concerning neuropathology, also a 
highly specialized subject. 

Dr. Weil's book, therefore, should be welcomed, not only by the neurologist and neuro- 
pathologist, but also by the practitioner at large as a ready source of reference. 

The purpose of the book is to present a review of the present status of neuropathology 
which is achieved in a very comprehensive and satisfactory manner. 

The comprehensive character of the discussion is indicated by the Chapter headings 
which follow: Changes Through Autolysis and Fixation; Diseases of the Ganglion Cells; 
The Glia aud Its Pathology; Pathology of the Myelin Sheaths and the Axis Cylinder; Anemic 
Softening; Arteriosclerosis; Inflammation; Infections; Intoxications; Injuries; Degenera 
tions; Tumors; and Congenital Malformations. 


• Recent Advances in Sex and Reproductive Physiology. By J. M. Robson. Research 
11 -«• institute of Animal Genetics, University of Edinburgh. Cloth, pp. 2-19. 4i illustrations. 
| e BlIids?on‘s Son and Co.. Philadelphia. Pa. 

T, rpp-ttbook of Neuropathology. By Arthur Weil, M.D., Associate Professor of Neuropath- 
ology. 'Northwestern University Medical School. Cloth, pp. 335, 260 illustrations. Lea and 
Febiger, Philadelphia. 
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An. appendix contains a description of satisfactory methods for the autopsy and fixation 
of tlic central nervous system. 

It is not to be expected that the perusal of this book, will make of tlio reader a neuro- 
pathologist. The clinician may well refer to it for a better understanding of the relationship 
of the nervous system to disease in general; the pathologist will find it a useful and valuable 
reference; and to the neuropathologist it presents under one cover a succinct yet thorough 
survey of the information at present available. 

The book evidences a wide experience and a. thorough acquaintance with the subject 
and can be well recommended to those who are, or should be, Interested in this subject. 

The illustrations are not only numerous but excellently reproduced. An extensive 
bibliography and satisfactory index are appended. 


The Medicolegal Necropsy* 

T HIS book should be of the greatest interest, not only to coroner ’a physicians, pathologists, 
and all who may be called upon to perform necropsies for medicolegal purposes, but also 
to the physician at large as a reliable and comprehensive survey of a very important subject. 

The introductory chapter by Dr. P. E. Sondern reviews the faults of the present 
coroner’s system and the following chapter by Dr. 0. T. Schultz outlines the workings of the 
medicolegal system of the United States and the status of the medicolegal autopsy. 

Dr. Charles Norris, Chief Medical Examiner of New York City, furnishes a chapter on 
The Medicolegal Necropsy and the manner in which it should he carried out is described by 
Dr. A. V. St. George. Toxicology in the Medicolegal Necropsy is described by A. O. Dottier, 
followed by a very comprehensive discussion of t ho findings in deaths from shooting, stabbing, 
cutting, and asphyxia by Dr. H. S. Martland, Chief Medical Examiner for Essex County. 
E. L. Miloslavich, of the Institute of Legal Medicine of Jugoslavia contributes an excellent 
discussion of the pathological anatomy of death by drowning. 

An appendix presents the report of a committee on necropsies which should be read by 
every pathologist. 

The high standing of all the authors assures the reader of an authoritative presentation 
based on extensive experience. 

This small volume may well become a standard reference text and deserves as it 
will doubtless receive, a wide circulation. 

It contains so much and so varied information that it might well have been furnished with 
an index. 

The book may be highly recommended without reserve. 


Diabetic Manual for Patientsf 


T"\ TABETIC manuals for the use of patients were started prior to the era of insulin es- 
pecially by Joslin. At that time the importance of carefully measured and controlled 
dietaries was great. Since insulin, the impression has become very general both among the 
laity and among physicians that as long as a patient takes his insulin he need not follow 
any carefully supervised dietary program. This makes for carelessness and in the end usually 
results m continued loss of tolerance. No one knows better than those whose special interest 


♦The Zte<licalQgal Xecropsy; A Symposium w<*i r i of _ 

the American Society of Clinical Patholo~i«5t<? K-S’vni c Twelfth Annual Convention of 

S3 illustrations. Williams and TW&Ins^ B - ^gath. Cloth, pp. 1C?. 

rector t of ‘ Hm' Dfabetfc 1 Depmmcntf'and^boStorics^of th" V 'ri U ' E i' h ) A f p ~ MAJ. -V.R.C.. Di- 
Cloth. pages 233. 1931. Tim C. V. Jlosby Comply. Stf CImic ' SeCOnd E,Jition - 
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is in the field of diabetes that for optimal results the patient still must know intimately the 
details of his disease and must carefully control his diet even though the diet is many times 
more generous than in the old starvation period. 

The second edition of John’s Manual would appear to fulfill excellently the need for 
which it was written. It tells the patient much about himself and goes into details such 
as the desirability or otherwise of marriage of diabetics, the relationship of obesity to the 
disease, the proper prevention of complications, acidosis, coma, gangrene and proper hygiene 
for the diabetic patient. The language is sufficiently simple so that any patient with a 
modicum of intelligence can rcud and understand. The illustrations are thoroughly descriptive, 
particularly those which accompany the food tables, and show, in red, the carbohydrate con- 
tent of the various foods. This red danger signal stands out clearly with the result that the 
diabetic patient has no difficulty in a visual understanding of the need for avoiding this and 
that. 

Dr. John has pioneered in the summer camps for diabetics. In discussing the value of 
this he emphasizes that the diabetic child is at a decided disadvantage in the summertime 
when other children may go to camp. And the mother is at a greater disadvantage because 
she must stay at home and continue to treat the child. The summer camp is a wonderful 
surcease for both mother and child. In the preinsulin days this was not a necessity among 
diabetic children because their lives were short at best. Now, when they are growing to 
adult life aud usefulness, they must be prepared therefor. 

The book should continue to fulfill in an excellent manner the purposes for which it was 
written. 


The Compleat Pediatrician 3 

T HIS is a book which can be recommended without reserve. In few specialties in the 
field of medicine will the physician be confronted with more diagnostic difficulties than in 
pediatrics for the very obvious reason that in this specialty he is to a very large extent de- 
pendent upon his powers of observation, his clinical skill in noting and eliciting the signs 
and symptoms of disease, and especially upon the degree to which he is prepared to utilize 
the processes of inferential deduction developed through reading, study, and past experience. 

While, as the author comments in his preface, the best way to obtain a durable and 
useful knowledge of pediatrics — as well as, indeed, of any branch of medicine — is through the 
study of the patient, ho recalls also Osier’s saying that, “to study the phenomena, of disease 
without books is to sail an uncharted sea, while to study books without patients is not to go 
to sea at all.” 

As the title page suggests, Dr. Davison set himself an ambitious and comprehensive 
task. Study of the hook reveals that in its execution he lias fallen but little, if anything, 
short of fulfilling his plan. 

This book consists of Chapters: I, Symptoms and Signs of Disease in Children; II, 
Diseases, Differential Diagnosis, and Treatment; III, Preventive Measures and Child Care; 
IV, Administration of Fluids and Blood to Infants ; V. General Suggestions for the Feeding 
of Normal Infants and Children; VI, Drugs and Prescriptions Frequently Used in Pediatrics; 
and VII, Laboratory Methods Frequently Used in Pediatrics. 

An Appendix (B) presents an outline for pediatric histories and the physical examina- 
tion of children, while Appendix C lists the contents of the pediatrician’s hag. 

While some one complained somewhere that of the making of books there is no end, 
Dr. Davison’s book stands almost in a category by itself. Its plan is not only original but 
well carried out and the contents reflect not only an extensive and digested experience, but 
also a comprehensive acquaintance with and survey of the literature of pediatrics and may 
well be to the pediatrician what Boget ’s Thesaurus is to the writer. 

*The Compleat Pediatrician: Practical, Diagnostic, Therapeutic, and Preventive Pedi- 
atrics for the Use of Medical Students, Internes, General Practitioners and Pediatricians. By 
"Wllburt C. Davison, M.D., Professor of Pediatrics. Duke University. School of Medicine. Cloth. 
PP. 260. Duke University Press. 
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The Plan is that of a thesaurus penalty 

While the numbered pan.grai.hs may present, to the nonce, 1 

appearance, the book is simple to h nnd examination. Should the present- 

As always, the first requisite • alphabetically listed in paragraph 1 

ing symptom be, for example, headache one J ^ ^ ag wcU a3 to rare 

of Chapter I. Under the causes, the reader m refer ^ tQ lypU oid-pnratyphoid fever 

causes, each bearing a paragrap i nun, ’ ( 7 7S), eyestrain (350), etc. In t lose 

(851) meningococcus meningitis <o-D. s,,,u * ai „„ 3 and symptoms which should 

:: st z ; - «» — — 

finally, to any possible preventive measures remu rkably and most commcndably 

.jsrrt . - — — — 

"’“‘Si »" i pr “ u "" “• "• ” *™ of 

book as a whole. ,,,, • having made a permanent addition to pediatric 

. — - — «~ 

•• i, » '" b « ra, “ s “» s - ™ 

it should prove a most useful ifaiMhing in the field of pediatrics concerning which 

While it boot emphasis is wisely laid upon the most impor- 

some mention will n t f “ 0 f these (as determined by incidence in 80,000 chil- 

tant diseases encountered m e ^ q£ twcnty years in the wards and dispensaries 

T,Z TpSns SSual and the Harriet Lane Home) there are 307, only 100 of which 

are important. CCIlt of the deaths in children and can be prevented, 

Thesc iseas ^ deaths> although responding to adequate treatment. 

and 2 ^ P e er re C p e “ at Jhat this book may be recommended without reserve as an invaluable con- 
tribution to pediatric literature. 


Physical Diagnosis* 

™ • r Tiiaanosis needs no introduction and the fact that it has now reached 

CLOT’S Physical tQ those wll0 are familiar with it-as who is not? 

^ its eleventh edition t ho author emphasizes and reiterates, the strictly personal view- 
While it presents astto^aut 1^ J ^ wHch the author has had personal 

point of ant r * a va i ua ble, useful and practical contribution with winch 

experience, this book is ne^ ^ sUo uld be familiar. 

0Very in Ta t C hus Presenting what he himself has found to be valuable in the study of disease, 
In thus pr ^ reader wU1 encounter omissions, such as, for example, no mention 
it is inevitable si „ n of poliomyelitis under the discussion of “stiff back.’' 

of “poker spine W ritten account of Dr. Cabot’s own experience which is ad- 

mitted 0 extensive, well told, and may well find a place in the library of every practicing 
physician. 


. , , — , - T3 V Richard Cabot. M.D.. Professor of Clinical Medicine Emeritus. 

Harvard'univex'sity.'^EdftioiPll.^cloth, pp. 510, 317 figures. William Wood and Co., Baltimore. 
Md. 
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EDITORIALS 


The Laboratory Diagnosis of Tuberculous Infection in Childhood 

T HE essential importance of early recognition of tuberculous infection in 
childhood has long been recognized but tire diagnostic problem presented is 
not always easy of solution. 

Symptoms may be indefinite, the roentgenographic picture and the results 
of tuberculin tests not always clear-cut, and the procedure commonly applied in 
the adult, the examination of the sputum for tubercle bacilli, is often inap- 
plicable either because the children do not cough, or are unable to bring up 
sputum, or the sputum is swallowed. 

Very naturally the search for these organisms then turned to the gastric 
contents or the intestinal discharges, the examination of specimens secured by 
gastric lavage being first suggested by Meunier 1 as long ago as 1S9S. Since then 
the procedure has been studied somewhat spasmodically by a number of in- 
vestigators with somewhat variable results but, on the whole, showing that the 
method was sufficiently valuable to be home in mind in the doubtful case. 
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While a positive response to the intraeutnneous tuberculin test is of definite 
significance, the important fact, as regards the arrest, control, and dissemina- 
tion of tuberculosis is to determine whether or not the ease is open and active. 

The tuberculous child with an active and open lesion discharging tubercle 
bacilli is obviously more of a menace to other children around it than one in 
whom these circumstances do not obtain; and it is to this phase of the question 
that attention has been directed within recent years, and to obtain evidence bear- 
ing upon it that the examination of gastric contents and feces for tubercle bacilli 
has again been resorted to by several groups of investigators. 

Among the more recent reports is that of Oourley- who studied 59 cases by 
means of gastric lavage and animal inoculation. In 9 cases there were no 
demonstrable rocntgenographic lesions, 50 presented such evidence, and all gave 
a positive tuberculin test. 

Tubercle bacilli were present in the gastric contents of 28 or 47.4 per cent 
of the whole series and in 28 or 56 per cent of the 50 having demonstrable lesions. 

That calcification of the parenchyma of the lung or regional lymph nodes 
is not indisputable evidence of entire arrest and inactivity was suggested by the 
fact of 12 children showing evidence of calcification in the film ; 5 had tubercle 
bacilli in the gastric contents. Oourley concludes from her study that all types 
of parenchymal lesions in childhood tuberculosis, including McPhedron’s “C” 
group, are open cases. 

A series of 60 cases examined by Mishulow, Ivcreszturi, and Ilauptman 3 
gave 10 per cent positive findings in children apparently well when examined, 
54.5 per cent positive findings in those slightly ill, and 63.1 per cent positive 
findings in children who were very ill. Of those with nondestructive paren- 
chymatous lesions 24 per cent were positive while 83.3 per cent were positive 
in the group showing destructive parenchymatous pulmonary lesions. 

Negative findings were encountered in all cases with only positive intra- 
cutaneous tests, hilum lymph node tuberculosis, pleurisy with effusion and tuber- 
culous peritonitis. 

In this series tubercle bacilli were found in the feces in 12 cases but in 
variable numbers, in one case so few that they were only detected when the 
smears were reexamined after guinea pigs proved to be positive. 

Although examination of the feces can be done repeatedly without dis- 
comfort to the patient the results are not quite as good as those from examina- 
tion of the gastric lavage, and the procedure is, moreover, somewhat more com- 
plicated. 

In the interpretation of such findings possible sources of error must, of 
course, be remembered and taken into account if they cannot be eliminated. ’ 

Thus, tubercle bacilli may be ingested with raw milk, tuberculosis of the 
stomach may exist but is so rare as to be of negligible importance, tuberculosis 
of the tonsil is also a somewhat rare possibility, and there may be tuberculous 
foci in the sinus or middle ear. 

In considering the significance to be attached to the demonstration of 
tubercle bacilli m the gastrointestinal tract in children Nalbant* points out 
that there are various possible sources, among which are : 
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A tuberculous infiltration in the lung, such lesions usually being demon- 
strable clinically or by x-ray. 

A receding type of childhood tuberculosis in which the lesions may have 
cleared roentgenographieally though not pathologically. 

A easeating tracheobronchial lymph node which may have broken into the 
trachea or a bronchiole or even through the esophagus. 

Other possibilities are, as has already been noted, the presence of an upper 
respiratory tract tuberculous infection which, however, is uncommon; tubercu- 
lous enteritis or gastritis, quite uncommon, and the presence of a tuberculous 
growth in a bronchus or bronchiole. It lias also been suggested by some, 
Mikulowski , 5 for example, that the source of tubercle bacilli in the feces may 
be infected bile which has regurgitated into the stomach. This, of course, could 
only be accounted for either by assuming a primary gallbladder lesion, cer- 
tainly an unusual occurrence, or by the assumption that the infection of bile 
was the aftermath of a tuberculous bacteriemia. In the latter ease the complete 
escape from tuberculous meningitis or a generalized tuberculosis would be diffi- 
cult to explain. 

On the other hand, it is fair to assume that many, if not the great majority, 
of cases of tuberculous pleurisy, tuberculous bone and joint disease, or Pott's 
disease may well be localizations of a former baeillemia. 

The problem is one well worthy of further study, not only from the stand- 
point of furnishing an additional avenue for the laboratory diagnosis of tubercu- 
losis in childhood, but also, because of the clinical and social significance of the 
results obtained, which may only be evaluated after extensive study. 
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— R. A. K. 


Staff Meetings and Statistics 

O NE of 'the requirements for an “approved” hospital is that there shall be 
a monthly Staff meeting at which the work done and the results secured by 
various departments shall be discussed and evaluated. 

The principle underlying this provision is, without doubt, wise and well 
founded but if the reports thus made obligatory are to be productive of the re- 
sults desired they must be something more than mere statistical recitals, and the 
discussion which they are intended to provoke must comprise something more 
than an exchange of compliments. 

As every one knows, the value of statistics depends, not merely upon their 
volume, but upon the data from which they are compiled, the honesty witli 
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which they are gathered, and the sincerity and care with which they are 
interpreted. 

For tlvc intelligent interpretation oi statistical data one must take into con- 
sideration, not only the figures themselves, but also the many and varied aspects 
of the cases to which they refer. For it is obvious that during certain periods, 
for example, the admissions to a hospital may include many patients whose condi- 
tion makes recovery problematical, many patients who, despite the fact that they 
may be. justly regarded as unavoidably bad risks, must nevertheless he subjected 
to operation with an effect which may be foretold with some confidence upon the 
mortality statistics of the surgical service in question. 

Nevertheless, the not uncommon practice of briefly and sometimes even 
cursorily reciting the number of cases of this, that, and the other tiling together 
with a bald statement that so many were discharged “cured’' or “improved,” 
while it may conform to the letter of the law, falls far short of real compliance 
with the end in view. 

The real purpose, it may be suggested with some justice, is to determine, 
not merely what happened, but why did it happen and, what is still more im- 
portant, could it have been avoided! 

Although speaking of operative mortality only, Lahey 4 '' has enunciated prin- 
ciples which are equally applicable to medical services as well and might well be 
widely disseminated. 

“While there will be certain years,” he says, “in which many more serious 
cases will require operation than in others, and there will be others in which un- 
avoidably bad risks must be accepted, nevertheless, the yardstick whereby one 
may measure surgical skill, surgical judgment, and the protection with which 
the patient is surrounded, is that of mortality.” 

This, of course, partakes somewhat of the nature of a truism but Lahey adds 
these significant qualifications: 

“Mortalities are in some measure related to the surgeon's state of mind. 
If a surgeon assumes the position that a certain number of patients must die 
anyway following surgical procedures since, to he given a real change of cure, 
particularly in carcinoma, radical procedures must be done, then it naturally 
follows that a certain number of mortalities will occur. ... If one is prepared 
to expect mortalities, he has in some measure compromised his conscience to their 
occurrence. In my own opinion, the attitude should be that patients should 
not die following surgical procedures, that when they do die following surgical 
procedures, one’s attitude, with reasonable exception, should be that an error in 
judgment lias been made, either in advising operation at all, in the extent of 
the operation, in some of the technical procedures, or in the way of pre- or post- 
operative management. . . . 

“It is extremely easy in surgery, particularly when dealing with patients 
who are in a desperate condition, to justify in one’s mind desperate risks but 
very rarely, in my experience, do desperate risks accomplish very much which 
is worth while. . . . When one knows ancl frankly faces the mortality rate this 
has the advantage of making one acutely aware of his errors in judgment and 

LahJennic fas?" 0perattvo an!l Statistics of The Lahey Clinic for 1032, Bull. 
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stimulating every one who is connected with operative procedure to his utmost 
efforts, pre- and postoperatively, to prevent the occurrence of a mortality.” 

These quotations present and embody an attitude equally applicable in 
principle to medical mortality statistics as well as surgical and deserve general 
consideration. 

The development of such an attitude would without doubt remove from 
many Staff meetings the cut and dried and stultifying acceptance of mortality 
statistics with resigned equanimity and lead, on the contrary, to the awakening, 
not of acrimonious criticism, but of a spirit of earnest inquiry. To repeat what 
has already been said above, it is not the recital of what happened that is im- 
portant and profitable but why did it happen and, more particularly, could it 
have been avoided? 

It is hardly conceivable that there exists a physician or a hospital staff with 
the temerity to assert or the credulity to believe that, individually or collec- 
tively, they have never been guilty of an error of judgment, a failure to reach 
the proper diagnosis, an omission of something which might have been useful 
in the study of a particular ease. How many can honestly deny an excessive and 
ill-warranted use, for example, of laboratory methods neither suggested nor 
indicated by the clinical data, the place of which they arc all too often made to 
take? 

How many times must honesty compel us to sigh with the unknown who 
regretted that his “foresight was not as good as his hindsight”? 

And how many times are Staff meetings characterized by any such frank 
admissions or discussions? 

It is particularly in the hospital of small or moderate size that such dis- 
cussions would be most productive of benefit to all concerned, as it is also par- 
ticularly in such hospitals that they arc most often neglected. 

The full function and entire duty of a hospital cannot be achieved by 
routine work, nor can it be expressed solely by the accumulation and recital of 
statistics relating to admissions, operations, and discharges. 

Unless the data so accumulated are so studied and analyzed — critically, if 
need be, that continual improvement in methods and ability results, if not 
achieved is at least sought for, then Staff meetings, though complying with the 
letter of the law, are more apt to be boring and stultifying than inspiring or 
profitable. 

Mistakes are, in the ordinary course of human events, more or less inevitable. 
It is not the mistake but the failure to leam from it which is disgraceful and 
leads to its repetition. 

It is from our failures that we should leam rather than from our suc- 
cesses. And it is upon the discussion and analysis of our failures that we should 
spend our time leaving our successes to speak for themselves. 


—R. A. K. 
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In our experience, limited to a small number of experiments on rabbits 
exposed to radiothermy, we observed a definite, though slight, primary stimu- 
lation of the complementary titer of the serum followed by a fall to normal 
and even to subnormal figures. These findings were in conformity with our 
views on the production and disposal of complement as previously described 
with reference to malarial fever and to other infections. 2 The immediate 
effect of radiothermy on typhoid agglutinins was not as conclusive as that 
on the complement. Although a slight stimulation phase could at times be 
observed, the after-effects were invariably of the depressing nature, lasting 
from two to four days. The cumulative depressing effect of repeated expo- 
sures, as noted by us, are in accord with observations of other investigators. 

As we know little or nothing of the effects of hyperpyrexia on the higher 
order of immune reactions, such as the production of complement-fixing anti- 


The Effect of Radiothern-induced Hyperpyrexia on tho Specific 
Complenent-fixing Titers of Rabbits Iraintzed with Bacterial Antigens 
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Chart 1. — The graph is drawn on the basis of data given in Table I. The heavy vertical 
lines stand for the daily titers of the specific complement-fixing antibodies. On the date 
designated by the arrow (July 24). animals of Series 1 and 3 were exposed to radiation. The 
course of immunity thereafter, instead of following the hypothetical curve (based on the im- 
munity titers of nonradtated rabbits of Series 2 and 4) was reduced considerably and ran an 
irregular course. The ground thus lost is marked by the dotted lines. 

bodies, we undertook to study this phenomenon in greater detail. Out of a 
healthy stock of 20 rabbits we kept four as controls. The remaining 16 were 
divided into 4 groups of 4 each. Each group was then immunized by repeated 
intravenous injections of one type of bacterial antigen (phenol killed bacteria 
in saline suspension) and the immunity response was watched closely by 
means of daily tests beginning on the fifth day following the last administra- 
tion of antigen. 

The bacterial antigens used in these experiments were of the common 
pyogenic microorganisms ; staphylococcus, streptococcus, micrococcus catarrhalis 
and Diphtheroid bacilli. The daily titers of complement-fixing antibodies were 
determined quantitatively in terms of the least amount of serum capable of 
fixing a unit of complement in the presence of a unit of antigen. 
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In the course of these experiments we noticed that the stimulation of 
antibody production in rabbits was not uniform. Identical dosages of tile 
same antigen stimulated some animals to a moderate degree and others to a 
markedly higher degree. We attributed this peculiar behavior in part to 
the variations in individual sensitivity inherent in animals in general. Some 
of the control rabbits showed a natural though very low-grade immunity to 
bactei-ial proteins. As the possibility of a latent focus of infection could not 
be excluded we were inclined to believe that such or similar factors were at 


Table l * 

The Effect of Badiotiieiim-induced Hyperpyrexia on the Specific Complement-fixing 
Titers of Babbits Immunized With Bacterial Antigens 


SERIES 1 AND 2 

Diphtheroid 

Bacillus 

Staphylococcus 

Aureus 

R 

1 

O 

R 

1 

o 


C.C. 

c.c. 

C.C. 

c.c. 

Jul. 11-14 

0.05 

0.05 

0.05 

0.05 

19 

0.02 

0.02 

0.04 

0.03 

21 

0.01 

0.015 

0.03 

0.025 

23 

0.009 

0.01 

0.025 

0.02 

24 

0.008 

0.009 

0.025 

0.015 


0.025 


0.05 


25 

0.03 

0.009 

0.05 

0.015 

26 

0.025 

0.008 

0.05 

0.01 

27 

0.025 

0.008 

0.04 

0.01 

28 

0.025 

0.009 

0.035 

0.01 

29 

0.02 

0.01 

0.03 

0.01 

30 

0.02 

0.02 

0.03 

0.015 

31 

0.02 

0.02 

0.025 

0.02 

Aug. 2 

0.025 

0.025 

0.03 

0.03 

4 

0.035 

0.04 

0.04 

0.04 

8 

0.05 

0.05 

0.05 

0.05 ! 

Beduction 


. V. 1 

SERIES 3 AND 4 

R 


R 



3 

4 

3 

4 

Jul. 11-14 

0.05 

0.05 

0.05 

0.05 

19 

0.005 

0.02 

0.009 

0.04 

21 

0.0025 

0.0075 

0.006 

0.025 

23 

0.0015 

0.005 

0.003 

0.02 

24 

0.001 

0.0025 

0.0025 

0.015 


0.0075 


0.008 


25 

0.0075 

0.002 

0.0085 

0.015 

26 

0.0075 

0.0015 

0.009 

0.015 

27 

0.007 

0.0015 

0.009 

0.015 

28 

0.0065 

0.002 

0.009 

0.02 

29 

0.005 

0.003 

0.009 

0.02 

30 

0.0025 

0.005 

0.0085 

0.025 

31 

0.0015 

0.0065 

0.0085 

0.025 

Aug. 2 

0.002 

0.01 

0.008 

0.03 

4 

0.0025 

0.03 

0.0075 

0.04 

8 

0.0075 

0.04 

0.01 

0.05 

Beduction 

1 

1 % 


Streptococcus 

Hemolyticus 


e.e. 

0.05 

0.04 

0.025 

0.02 

0.015 

0.01 

0.045 

0.05 

0.045 

0.03 

0.025 

0.015 

0.005 

0.005 

0.006 

0.008 


% 


e.c. 

0.05 

0.04 

0.03 

0.025 

0.025 

0.02 

0.015 

0.01 

0.009 

0.008 

0.0075 

0.0075 

0.009 

0.01 

0.025 


0.05 

0.03 

0.0075 

0.004 

0.0025 

0.005 

0.005 

0.005 

0.006 

0.0065 

0.007 

0.0075 

0.0075 

0.008 

0.0085 

0.01 

% 


0.05 

0.04 

0.03 

0.025 

0.015 

0.01 

0.009 

0.008 

0.0075 

0.0065 

0.006 

0.0055 

0.005 

0.005 

0.0075 


1 and 3 


Micrococcus 

Catarrhalis 


c.c. 

0.05 

0.04 

0.03 

0.025 

0.025 

0.05 

0.05 

0.05 

0.05 

0.045 

0.035 

0.03 

0.025 

0.035 

0.04 

0.05 


U 


R 

3 


% 


2 


c.c. 

0.05 

0.04 

0.03 

0.025 

0.025 

0.025 

0.025 

0.03 

0.035 

0.04 

0.045 

0.05 

0.05 

0.05 

0.05 


0.05 

0.015 

0.0075 

0.001 

0.0009 

0.0015 

0.0015 

0.002 

0.002 

0.002 

0.0015 

0.001 

0.0009 

0.0008 

0.0008 

0.004 


0.05 

0.02 

0.01 

0.007 

0.005 

0.003 

0.0025 

0.002 

0.0015 

0.001 

0.001 

0.001 

0.001 

0.0015 

0.002 
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radlothermy treatment. ese anlmaIs have been exposed to the 

On dates July 11-14 rabbits received the antigenic injections 
„„ , On July 24. the first reading indicates the specific titer 

and the second immediately after the completion of treatment f exposure to radiothermy, 
The specific titers of rabbits of Series 2 and 4 are also , .. . 

of comparing the course of immunity production with and with™ t t h L" „2L e * t£l ^ le f , nr the sake 
In the lines headed Reduction the figures indicate that “ m 1 0f rad ‘°thermy 
exposure, have been reduced to these fractions of the original titers? before%xpoTur adi0therm 
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the basis of these variations. To minimize the Influence of these variable 
factors ire regrouped our animals according to the degree of immunity in 
them so as to include those with a moderate antibody production in Series 

1 and 2, and the remainder showing marked antibody' formation, in Series 
3 and 4. 

To test the effect of hyperpyrexia on the course of complement-fixing 
antibody formation, rabbits of Series 1 and 3 were exposed to radiotliermy 
for a sufficient length of time to raise their temperatures to 41-42° C. After 
these temperatures were attained they' were maintained for three to four 
hours by exposing the animals to carbon filament electric lamps. The animals 
were bled immediately' before and at the completion of the experiments and 
thereafter daily to observe the whole immunity' phase. Animals of Series 

2 and 4 were kept as controls to Series 1 and 3 so as to permit the determina- 
tion of the immunity curves with and without radiotliermy'. The results of 
these experiments are given in tabular and graphic forms (Table I and 
Chart 1). 

The reduction in the complement-fixing titer of the serum after exposure 
to hyperpyrexia is due, in all probability', to a slowing up of the production 
of antibody rather than to its destruction. By' observing the daily' fluctua- 
tions in the antibody titers of treated rabbits we could note a delayed 
stimulation phase in the majority' of these animals. 

CONCLUSIONS 

The production of hyperpyrexia by' physical means causes a temporary 
diminution of the complement-fixing antibody' titer of rabbits immunized against 
staphylococci, streptococci, Micrococci catarrhalis and Diphtheroid bacilli. 


REFERENCES 

1. Ecker, E. E., and Oneal, N. : Effects of Hyperpyrexia Induced by an Ultra-high Ere- 

quency Current on B. Typhosus Agglutinins and Complement, Am. J. Pub. Health 
22: 1050, 1932. 

2. Hadjopoulos, L. G., and Burbank, It. : The Bole of Complement in Health and Disease, 

J. Lab. & Cun. Med. 14: 131, 192S. 



A CASE OP MERCURIC CHLORIDE POISONING TREATED BY 
EXSANGU1NATION-TRANSFUSION* 


Edward II. IIasiiinger, M.D., and John P. Simon, M.D., Lawrence, Kan. 


HISTORY 


A LTHOUGH the Egyptians as early as 1600 B.C. were acquainted with the 
L use of mercury, they did not use it as a medicine, and Aristotle (384-322 
B.C.) alone of the early Greeks prescribed it for certain skin conditions, as 
it was generally regarded too poisonous for internal use. However, it was 
used in India as a medicine possibly as early as 500 B.C. and old records 
show that mercurial gingivitis was known there as an entity. Prom India 
the knowledge of the medicinal value of mercury spread to Persia, and thence 
to Arabia ; and after the birth of Christ it came into high repute as a universal 
panacea. Mesue the Older (857) first carefully described mercury inunctions 
for skin disorders. About this time Arabian culture was rising above the 
European, and Avicenna and Constantinus Africanus described the toxic ef- 
fects of mercury as pasty sores in the throat, bad breath, cramps, blood in the 
stools, disturbances of hearing and vision, and other of the familiar symptoms. 

With the mingling of Arabian and European science through the Crusades, 
the method of mercury inunction gained root, even in the stronghold of Hip- 
pocratic teaching at Salerno, and during the Middle Ages came the develop- 
ment of the “salivation cures.” Guy de Chauliac recognized the connection 
between mercury intoxication and salivation, but regarded it as a sign that the 
treatment was effective, since withdrawal of phlegm was considered as highly 
beneficial in gout. The Europeans found that mercury given either per os or by 
inunctions could cause diarrhea, thirst, anuria, and loss of appetite. Disturb- 
ances of vision, hearing, and speech were also noted. 


Theories and speculations as to the action of mercury within the body 
were numerous and Thomas Sydenham (1624-1689) declared without doubt 
that mercury cured syphilis through salivation and that two to three liters 
of saliva was the proper amount for the patient to secrete each day. This 
type of treatment gave plenty of opportunity for the observation of mercury 
poisoning, and Jean Astrue of Montpellier divided the therapeutic or saliva- 
tion stage from the intoxication stage; the latter, from his description of 
bloody stools, swelling of the face and bloody sputum, must have been near 
death from overtreatment. 


John Iluntei (1/28-1/93) declared that the toxic effects of mercury com- 
bined with the degenerative power of syphilis to act in double force upon 
the body, and this idea became enlarged upon until by the beginning of the 
ninetee nth century, the symptoms of mercury poisoning and syphilis were 
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much confused. A book was published in 1839 by J. P. Murphy showing how 
mercury alone caused the symptoms usually described as secondary syphilis. 

It remained for Robert Overbeck in 1861 to show by clinical and experi- 
mental study the true nature of mercury poisoning. In the same year Kussmaul 
published a report showing the difference between chronic hydrargyrism and 
constitutional syphilis. These two articles were the chief points in dispelling 
the many theories and confusion about mercury poisoning. 1 

TREATMENT 

The last fifteen years have seen the treatment of mercury poisoning, par- 
ticularly mercuric chloride, advance from questionable therapeutic measures 
prescribed by rote and usually without hope for the patient, to a sane, rational 
procedure, arrived at by experiment and observation, with a gratifying de- 
crease in mortality. Before 1910, mercuric chloride poisoning was considered 
to be almost universally fatal, but Weiss 2 in 1921 reported 135 cases treated 
by the newer methods with but 8 deaths. Other men have reported equally 
good results, so it is apparent that considerable advance has been made in 
treathig these eases. 

The former conception has been that albuminous materials when com- 
bined with mercuric chloride rendered the poison insoluble and nontoxic; 
but this is not the case, for mercury albuminate is equally as toxic as the 
chloride. In fact any ingested mercury is first converted into the albuminate 
before it is absorbed, the difference being that it is not corrosive as is the 
mercuric chloride. Accordingly, it is to be remembered that the administra- 
tion of albumiu is to be folloAved by as prompt an evacuation of the stomach 
contents as possible. 

The next step in treatment was to attempt to neutralize the absorbed 
mercury. Calcium sulphide was given enthusiastic acclaim in 1917 by Wilms 10 
who found it gave excellent results if a freshly prepared solution was given 
intravenously within twenty-four hours after ingestion of poison. Ravaut 2 
in 1920 described the use of sodium thiosulphate in treating arsenical der- 
matitis, and McBride and Dennie 4 popularized the use of this drug in con- 
verting toxic metals into noutoxic sulphides. Although Melville and Bruger 5 
concluded from animal experimentation that sodium thiosulphate did not 
combine with mercury within the body, it remains the opinion of many men 
that it is of much benefit in treating mercuric chloride poisoning. Marclibanks, 
Church, and Smith 0 reported a case in 1931 in which the entire credit for 
saving the patient's life was ascribed to sodium thiosulphate given intra- 
venously. 

The Lambert routine of treatment aiming at elimination, alkalinization, 
and diuresis, has met with considerable favor and while not as popular as 
ten years ago, still has a number of valuable points. Modifications of this 
treatment were reported by Weiss 7 in 1917 and Rosenbloom 8 in 1919 with 
excellent results. Lemierre, Laudat, and La Porte 9 believed that sodium 
chloride in isotonic and hypertonic solution intravenously resulted in ameliora- 
tion of symptoms and favored renal excretion. They reported two eases. 
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Surgery has bm used in treating these cases for nnu,y yea^ Anderson>‘ 
*™ d iKiS * S i" h^trrr — hours after 

lTc S ases h> wfeh i't u-ns shorn, that immediate cceostomy and constant colon.c 
tage Z the best method of preventing and treating the gangrenous cohfs 
of the mercuric chloride poisoning. 


report op case 


The case here reported is different from others in that the chief mamsta> 
in the method of treatment is one to which we are unable to find any refer- 
ence in the literature as having been used m human beings namely exsangii 
nation-transfusion. It was done for two chief reasons: first, as shown by 
Rosenbloom 13 and others, the blood and other tissue juices contain tlie greater 
part of the absorbed mercury, so by replacing the blood the poison could be 
removed in the largest possible quantity. Second, by replacing the blood in 
sufficient quantity, tlie nitrogenous products retained in the body w ou d 
diluted and kept at a sublethal level until tlie renal epithelium might regen- 
erate. The same method has been of service in delaying uremic death in 

cases of chronic nephritis. _ 

In 1915, Robertson 14 proposed exsanguination followed by transfusion 
in cases of severe bacterial toxemia and believed that it might be of value 
in treating chemical poisoning as well. Haskell and others 13 working with 
do^s (six in all) and using the minimum lethal dose of mercuric chloride as 
found by Sansum 10 bled tlie animals immediately after intravenous adminis- 
tration of tlie poison and transfused with matched blood. In spite of repeating 
the procedure, all the dogs died within an average time of twenty-four hours 
and the authors were of the opinion that the exsanguination-transfusion 
method of treating mercuric chloride poisoning was of no value. In 1917, 
Burmeister 17 showed by the same method that although tlie animals died, the 
degeneration of the kidney epithelium in dogs and rabbits was distinctly 
inhibited by the use of transfusions. 


In our case in addition to tlie bleeding followed by transfusions, the 
patient was given a small amount of sodium thiosulphate for its reported 
value in neutralizing available mercury. Sodium chloride was given to 
combat loss of chlorides by vomiting. 

M C. white male, aged twenty-three, entered Bell Memorial Hospital 
May 22, 1933. with a chief complaint of inability to get his breath. Bight 
days previously in tlie evening lie had swallowed 18 gr. (1.3 gm.) of mercuric 
chloride with suicidal intent. It was nearly an hour later before he vomited. 
He continued to vomit and elioke for the remainder of the night. He was 
not seen by a physician until the following morning. The treatment for the 
eight days previous to hospital admission consisted of fluids, principally milk, 
and daily intravenous injections of sodium thiosulphate. He said that on the 
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third day he began getting short of breath but did not notice scanty urine 
until the following day. Bloody diarrhea was severe before admission to the 
hospital. 

On admission he was gasping for breath, and his skin was bluish, dry, 
and cold. His breath was fetid. Blood oozed from the soft, swollen, in- 
flamed gums, and there ivere hemorrhagic areas on the uvula. Hoist rales 
were heard in the base of each lung. Examination of the heart revealed a 
rate of 110, blood pressure, systolic 170, diastolic 100, and there was redupli- 



Fisr. 1. 


cation of the second mitral sound. The abdomen was distended and tender. 
The liver was palpated 10 cm. below the costal margin and its edge ivas 
rounded and tender. On admission the blood chemistry showed per 100 c.c. : 
sugar 83 mg., nonprotein nitrogen 167 mg., creatinine 12.5 mg., chlorides 
400 mg. Urine showed a specific gravity of 1.014, strongly alkaline, trace of 
sugar, albumin two-plus, many hyaline and granular casts. Hemoglobin was 
70 per cent, R.B.C. 3,160,000, W.B.C. 20,500, with 89 per cent polymorph- 
nuclears. 

He was given fluids by mouth, 50 c.c. of 50 per cent glucose intravenously, 
and 15 gr. of sodium thiosulphate intravenously in the first twenty-four hours. 
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The patient seemed in about the same condition at the beginning of his 
second hospital day, but toward the end of this day he had more 
difficulty developed auricular fibrillation, the cyanosis increased, and the end 
seemed Vo be near at hand. At this time it was decided to bleed and tians- 
fuse the patient. A list of 25 suitable donors was compiled and in the evening 
of Mav (forty-eight hours after admission), 850 c.c. of blood was with- 
drawn' and 1,000 c.c. of citrated blood given by indirect method For the 
next two weeks the patient was bled an average of 700 c.c. and transfused 
800 e c. daily. Ou the third and fourth hospital days the patient seemed to 
be aettin" worse. His pulse became weak, the abdomen distended, and blood 
flowed freely from tlie gums. He rallied somewhat at the end of the fourth 
day and showed improvement, gradual at first, then more rapid as the urinary 
output began to increase. Fifteen grains of sodium thiosulphate were given 
intravenously daily for the first three days of hospitalization. Sodium 
chloride in 45 gr. dosages was given daily for the first four days, when vomit- 
ing was severe. There was no profuse diarrhea during the time he was m 
the hospital, but blood was recovered from the stools. After 15 daily trans- 
fusions were given they were discontinued because of clinical improvement 
in patient and the gradual increase in urine output. 

At the time of dismissal, the gums were healed ; the heart was regular 
and pulse normal ; there was no dyspnea on exertion ; no occult blood in the 
stools and the urinary output was normal. The blood chemistry records and 
fluid intake and urine output during the stay in the hospital are shown in 

Fig. 1. 

The patient was seen seven months after dismissal (Jan. 22, 1934), when 
examination showed urine entirely negative. Blood pressure, systolic 140, 
diastolic, 80. Blood chemistry : nonprotein nitrogen 35.3, creatinine 1.6, urea 
11.81, sugar 82, and chlorides 460. Clinically he was a well man. 

CONCLUSIONS 


1. Severe mercury poisoning is treated successfully by a new method, that 
(jf exsanguination and blood transfusion. 

2. Sodium thiosulphate intravenously had seemingly proved unsuccessful 
in the treatment of this case. 
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NODULAR GRANULOMATOUS LESIONS OF THE LIVER, SPLEEN, 

AND LYMPH NODES 


Probably an Atypical Form of Hodgkin’s Disease® 


Donald C. Beaver, M.D., and Albert M. Snell, M.D., Rochester, Minn. 


IN A recent paper, Beaver and Johnson 1 have described the case of a young 
A woman who died following a typhoid-like illness associated witli fever, marked 
abdominal distention, diarrhea, and terminal coma. The striking nodular, ne- 
crotic lesions in the liver and spleen of this patient were at first thought to rep- 
resent a form of tularemia, but further study convinced the writers that they 
were dealing with an unusual type of Hodgkin’s granuloma. Since no corre- 
sponding example of this disorder has to our knowledge been reported in recent 
literature, it seems desirable to report a second ease in which the terminal 
clinical picture resembled that of portal cirrhosis, and in which similar nodular 
granulomatous lesions of the liver, spleen, and lymph nodes were found at 
necropsy. 

While neither the first case nor that presented in this report can as yet be 
accurately classified on either a clinical or pathologic basis, they are reported in 
the hope that other observers may be able to correlate them with similar eases 
and thus clarify their position in respect to other and better recognized granu- 
lomatous processes. 

REPORT OF A CASE 

A housewife, aged twenty-seven years, first registered at The Mayo Clinic in July, 1924, 
complaining of swelling of the left side of the neck. The past history was irrelevant, except 
for many attacks of tonsillitis in early life. Five years before, tonsillectomy and removal 

•From the Mayo Clinic. 

Submitted for publication March 20, 1934. 



lJEAVEU-SNELL : NODULAR CillANULOM ATOUS I.ESIONS 


237 


of the lymph nodes of the left side of the neek had been performed elsewhere. Details as 
to the histologic appearance of these nodes were not available, but the patient assured us 
that they had been regarded as tuberculous. 

On physical examination the patient was in good general condition except for a mass 
of firm, discrete lymph nodes in the left cervical region. A single enlarged node was also 
noted in the right axilla. These nodes varied from 0.5 to -1 cm. in diameter, the largest 
being situated directly behind the angle of the jaw. Laboratory examinations including 
roentgenograms of the thorax, urinalysis, blood count, and Wasscrmanu test of tile blood, 
gave negative results. The patient did not wish to have a node excised for biopsy and, con- 
sequently, radium treatment was advised. A total of 3,000 mg. hours of radium was applied 
to the left subnmxillary and upper and middle cervical areas, and 2,000 mg. hours to the 
right axilla. Two months later another course of radium treatment was given. 

The patient’s second admission to the clinic was in November, 1925. She stated that 
the nodes previously described had been greatly reduced in size after treatment with radium, 
but that in the summer of 1925 they had become enlarged again and the node in the right 
axilla had caused her some pain. Results of physical and laboratory examinations were 
essentially the same as at the time of her previous examination. A third course of 5,000 mg 
hours of radium was given over the involved nodes with satisfactory results. 


The patient’s third examination was in July, 1932. During the preceding seven years the 
nodes had alternately increased and decreased in size, but she had had no general symptoms 
until shortly before admission, when loss of weight, nausea, and vague indigestion had been 
noted. On physical examination the same mass of nodes that was present eight years 
previously was noted in the left cervical region, extending from the mastoid region to the 
clavicle. Physical examination was otherwise not remarkable except for definite enlargement 
of the liver which was palpable about 4 cm. below the right costal margin. The tip of the 
spleen could also be felt. A careful search was made for a distant tuberculous focus but 
nothing definite could be demonstrated. Roentgenographic examination disclosed slight widen- 
ing of the mediastinum, but otherwise laboratory examinations gave negative results Be 
cause of the unusual persistence of this cervical adenopathy, the patient was again advised 
to have a node excised for biopsy. This she declined to have done and asked that another 
course of radiotherapy be given. Because of the questionable mediastinal shadow the 
mediastinum was included in this course of treatment. As on previous occasions radio- 
therapy caused progressive decrease in the size of the nodes, but she failed to gain ‘ 
strength. About three months after the completion of treatment she had an attack of 1 er ^ 
zoster, limited to the left lower portion of the trunk, and following this she was almntf 
disabled and was confined to her bed. At this time two new developments were noted- slight 
fever in the afternoon and progressive increase in the size of the abdomen The latte 
associated with pain in the right upper quadrant, which varied from vague discomfort"?! 
actual distress requiring codeine for relief. Bv December 193? •, a i;„i , , , . c 0 

- — — 

the lower extremities. lud 01 


The patient was readmitted to the clinic in January iq-ti „„ 
physical examination the striking findings were marked pallor an T*' - °" 

and moderate peripheral edema. The cervical nodes were much red.,r i • g * ° ° f ascites ’ 
bo felt only as discrete, pea-sized masses. The thorax was essentially nor Tl ^ C ° Uld 
elevated diaphragm and evidence of congestion at the bases of both / “l, except for an 

examinations, while somewhat unsatisfactory because of the •* un S s - Pelvic and rectal 
any importance. Urinalyses were repeatedly "° ° f 

and faint traces of albumin. The value for hemoglobin was 10 - ^ ° CCasional Saline cast 
erythrocytes numbered 3,220,000 and leucocytes 3,400 per cubic ^ ° f blood ’ 

ferential count was approximately normal, and the blood smears reveakd . °° d: The dif ' 
of erythrocytes and moderate polycliroinatophilia. The eon. ,\ Id actlve ^generation 
serum was 2.9 mg. and the reaction direct. The value fo entratlon o£ bilirubin in the 
blood. Roentgenographic examination of the thorax ant ^ 1§ per 100 c - c - of 

stomach gave negative results. Electrocardiograms showed 
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1, 2, and 3, but were otherwise normal. A test of hepatic function with bromsulphalein re- 
vealed dye retention Graded 4. A tentative diagnosis of portal obstruction with ascites was 
made, the most likely cause being regarded as portal cirrhosis with secondary splenomegaly. 
Treatment with diuretics was begun, but the patient reacted so poorly that it was necessary 
to perforin paracentesis on the sixth day of her stay in the hospital. At that time G,000 c.e. 
of dark, auiber-eolored fluid were removed. Cultures were made, but no growth of organisms 
was obtained. Stained smears from the ascitic fluid were negative for Mycobacterium (u- 
bercidosic and other organisms. Following this paracentesis, no improvement was noted. 
The abdominal and pelvic organs were examined carefully after the removal of the ascitic 
fluid, but nothing could be made out other than the enlargement of the liver and spleen 
previously mentioned. Throughout tiic patient's stay in the hospital she had more or less 
continuous elevation of temperature, which sometimes reached 102° F. Much of the time 
she was somewhat drowsy and dull, but she was never definitely disoriented. Because of the 
probability of impending hepatic insufficiency, a liter of 10 per cent solution of glucose was 
given intravenously daily. In spite of all attempts to produce diuresis, the ascitic fluid slowly 
reaccumulated, and it was obvious that another paracentesis would soon have to be per- 
formed. 

Because of the possibility of peritoneal tuberculosis, it was decided to explore the ab- 
domen through a small incision and examine the liver, spleen, and peritoneal surfaces. This 
was done January 19 by H. K. Gray, the exploration being carried out through a right rectus 
incision. The omentum and peritoneal surface appeared entirely normal. The hepatic surface 
was irregular and roughened, suggesting an atrophic type of cirrhosis. The spleen was about 
six times the normal size and presented no unusual features. The pelvic organs were ex- 
amined, but no evidence of pelvic tuberculosis could be demonstrated. Tnlma-Morison omen- 
topexy was performed, and the abdomen closed in the usual manner. The patient failed 
rapidly after operation, lapsed into coma and died on the fourth postoperative day with 
signs of hepatic insufficiency. 

Necropsy was performed three and a half hours after death. The body 
was unembalmed. The ankles were edematous, Graded 2. The recent surgical 
wound in the right upper portion of the abdomen was clean. The peritoneal 
cavity contained 3,000 c.c. of clear straw-colored fluid ; otherwise the peritoneum 
was normal in appearance. The right pleural cavity was practically obliterated 
by fibrous adhesions and contained no excess fluid. In the left cavity there 
were no adhesions, but 150 c.c. of serosanguineous fluid was present. The lungs 
were essentially normal except for atelectasis of the lower lobes and the presence 
of calcified tubercles in the right middle and left lower lobes with fibroeaseous 
tuberculous involvement of the hilar lymph nodes. The pericardial sac con- 
tained 65 c.c. of clear straw-colored fluid. The heart was normal in appearance. 

The spleen weighed 557 gm. Multiple dark red, grayish pink, or entirely 
gray nodules of increased consistency were distributed quite generally beneath 
the capsule and throughout the splenic pulp. These varied in size from 0.5 
to 2.5 cm. in diameter and frequently were spherical or irregular in shape and 
fairly well circumscribed; often, they were slightly raised as rounded nodules 
when present beneath the capsule. The appearance of some was similar to that 
of infarction. 

The liver weighed 2,533 gm. The consistency was somewhat decreased. 
The color was light reddish yellow with dark red or grayish patches mottling 
the surface. The capsule was smooth and glistening and not thickened. The 
dark red and gray areas rose above the surface slightly as rounded elevations, 
and measured 1 mm. to 2 cm. in irregular diameter. The appearance of the 
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pacts - the liver the W «*»* that 

firmer than the remainder oi t ttl m <y of the liver was quite 

were well revealed clsewtac. Th,s p etdpn ho]nor|;1 , agic ronM , 

dissimilar to < tat s “ • “ rc'Zo ”^d in dLrilmUon, and appeared not to be 

“■ - «- “ ~“ 4 to i " vo,v “ - 

tire lobules or groups ot lobules. mnerea8 1he p0 rta 

Lymph nodes surrounding ^ ^ glight]y incveased consistency, 
hepatis, and m the right axi , ^ iri . e g U larly mottled deep red 

and glistenma grayis i wn ^ ^ nodulcs iu t he spleen. Lymph nodes elsewhere 

somewhat enlarged and of slightly increased consistency, but, generally 
speakin" there was nothing especially remarkable about them. 

The entire gastrointestinal tract, pancreas, kidneys, suprarenal glands, me- 
lers bladder, uterus and adnexa, thymus and thyroid glands were norma . re 
sclerosis of the aorta was Graded 1. The brain was not examined. 

In microscopic preparations* of the relatively normal portion ot the liver, 

... . , w t ], au one-half of the hepatic bulk, there was moderately 

Severe fatty change. Hepatic cells not so affected were usually faintly stained. 
Ceimafvln areas were irregularly congested, with sometimes slight atrophy 
■aid necrosis of central hepatic cords. Throughout all portions of the liver there 
were cellular collections consisting of lymphocytes and a few endothelial cells. 
Se cellular collections, when small, were confined to the penporta connective 
tissue but when larger, they extended through the peripheral Potions oi the 
lobules or involved zones as large as, or larger than, a lobular unit. When the 
aggregations of cells were larger, they were accompanied by areas of necrosis 
(Fin 1 A) of varying size, always surrounded by lymphocytes. There was no 
^ 3 of rapid progression of the necrosis to surrounding hepatic parenchyma, 

for the hepatic cells near the periphery of these areas were as normal m appear- 
ance as those anywhere in the liver. The areas of necrosis were sometimes 
devoid of all cellular detail, but this varied, for m some, congested sinusoids 
and reticular cells persisted. In other places there was hyperplasia of reticulum. 
The cells which we have called “lymphocytes” were morphologically like mature 
lymphocytes, though perhaps slightly larger. The nuclei were large hyper- 
cliromatic structures, and the chromatin was often finely divided. There was a 
scant amount of pale-staining cytoplasm about some cells, although usually none 
could be identified. The cells described as endothelial were large, with large, 
pale nuclei and with abundant cytoplasm, sometimes pale and sometimes in- 
tensely acidophilic. A few of these cells were phagocytic for erythrocytes and 
cellular debris. Occasionally these cells had giant nuclei, and a few were mul- 
tinuclcated, the latter being usually hypercliromatic. The reticular cells were 
usually spindle-shaped or stellate, sometimes with fine fibrillae at the poles of 
the cells. Mitotic figures were not identified in any of these cells. 

•Tissues fixed in Orth’s fiuld. embedded in paraffin, and stained with hematoxylin and 

cosin. 
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Microscopic sections oi’ the spleen, taken through the red nodular areas, 
disclosed intense sinusoidal congestion. There were relatively few lymphocytes 
in the pulp, and malpighian corpuscles were small. In areas of less intense 
congestion, or at the periphery of the fairly sharply circumscribed hemorrhagic 
areas, there were proliferated reticular cells and collections of lymphocytes. The 
lymphocytes were sometimes collected in small aggregations with the hyper- 
plastic reticulum, but often they were independent. The reticular cells were 
arranged as bands or, in many places, small foci of cells. Sometimes there were 
small zones of necrosis, surrounded by lymphocytes. Many of the small mal- 
pighian follicles of these areas contained masses of hyaline-fibrinoid material. 
Sections of the white nodular areas revealed extensive necrosis, as in infarction; 



A. B. 


Fig. 1. — A. Liver: two foci composed of lymphocytes and a few endothelial cells. In the 
lower lesion there is also proliferation of reticulum and necrosis. The upper lesion is small 
and confined to a periportal space. Extensive fatty changes exist in the hepatic cells (hema- 
toxylin and eosin X90). B, Spleen: A splenic trabeculum with foci of lymphocytes, also peri- 
vascular arrangement of lymphocytes (hematoxylin and eosin X90). 


only a few well-stained lymphocytes were present. At the periphery of these 
areas there was a certain amount of blending with surrounding splenic pulp. 
In the places of transition, there were hyperplastic reticular cells and foci of 
lymphocytes. The lymphocytic collections were particularly evident in the con- 
nective tissue of the trabeculae, in the walls of larger vessels and surrounding 
them (Fig. IB). In the dense connective tissue the lymphocytes tended toward 
columnar arrangement. 

Lymph nodes of the splenic and hepatic liilum and in the head and tail of 
the pancreas usually disclosed complete loss of normal nodal architecture. In 
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intermingled with a lew larger endothelial cells were especially prominent. The 
capsules of the nodes were often densely infiltrated with lymphocytes and a few 
endothelial cells (Pig. 3 A). Thc lymphocytes and endothelial cells appeared to 
be mature and did not contain mitotic figures. Sections of mesenteric lymph 
nodes werc similar to those of the pancreatic group that revealed the milder 
changes. There was focal hyperplasia of reticulum, and sinuses were choked 
with large endothelial cells. Capsules of the nodes were infiltrated with lympho- 
cytes. Sections of cervical nodes revealed complete loss of follicle structure, 
reduction of lymphoid elements and sinuses, hyperplasia of retieulo-endothelial 
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cells, and early fibrosis. There were also many dilated congested blood vessels 
within the nodes. The capsules were thickened and contained much collagenous 
fibrous connective tissue. One peribronchial lymph node disclosed a caseous and 
calcified tubercle without apparent activity. In others there was loss of normal 
follicular structure. Sinuses were engorged with endothelial cells and lympho- 
cytes and there were areas of marked proliferation of reticulum and fibrosis. 
Capsules were densely infiltrated with lymphocytes and a few endothelial cells. 
There were also areas of relatively acellular hyalin deposits containing but few 
spindle cells and lymphocytes. A lymph node from the right axilla disclosed 
complete loss of follicular and sinusoidal architecture and replacement by wide 



a. B. 


Fig. 3. — A, Pancreatic lymph node and capsule; peripheral nodal lymph sinuses are en- 
tirely obliterated ; capsule is diffusely infiltrated with lymphocytes and endothelial cells (hema- 
toxylin and eosin X55). B, Axillary lymph node; revealing wide bands of collagenous con- 
nective tissue in which a few lymphocytes and stellate and spindle-shaped cells may be seen. 
The entire node presented this appearance (hematoxylin and eosin X175). 


collagenous fibrils often arranged in wavy bands. With the hyalin there were 
spindle-shaped and stellate contracted nuclei and a few lymphocytes arranged 
in. columns (Fig. 3B). Lymphocytes were more numerous near the capsule, 
which was thickened and composed of dense fibrous connective tissue of collag- 
enous type and contained a few collections of lymphocytes and endothelial cells. 
A lymph node from the lesser curvature of the stomach was identical in ap- 
pearance with the node from the right axilla. The morphologic characteristics 
of the various cells described in the spleen and lymph nodes were identical 
with those previously described in the liver. 
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Sections of the lungs were normal except for a healed tubercle in the right 
middle and in the left lower lobes. The tubercles were fibrocaseous with calci- 
fication and without evident activity. In one of the tubercles there was deposi- 
tion of bane and bone marrow formation. 

The microscopic preparations of the left suprarenal gland revealed lympho- 
cytic collections in the medulla. The capsule and surrounding areolar tissues 
were densely infiltrated with lymphocytes and a few larger endothelial cells. 
There were areas of necrosis and other places of marked fibrosis. In the areas 
of fibrosis the lymphocytes were often in dense masses or in columns. Lympho- 
cytes were always mature in type, so far as could be determined. Mitotic 
figures were never found. Endothelial cells similarly were apparently mature. 

Cultures of the blood, spleen, and liver were taken postmortem. 'They were 
prepared by inoculating material of the three types mentioned, on dextrose 
brain broth, and on hormone agar with sterile human blood added to the liver 
and spleen cultures. Incubation was carried on at 37° C. under aerobic and 
anaerobic conditions, over a period of three weeks. A few colonies of Staphy- 
lococcus aureus developed from each cubic centimeter of the patient's blood and 
from preparations of the liver and spleen. Three guinea pigs were inoculated 
intraperitoneally, and three subcutaneously with liberal amounts of the pa- 
tient’s blood and with triturated suspension of liver and spleen. Two rabbits 
were inoculated intravenously with triturated suspensions of liver and spleen. 
The animals were observed for a period of sixty days, temperatures of the guinea 
pigs being taken daily the first two weeks, and at no time did they reveal evi- 
dence of reaction. Finally all were killed and carefully examined. There were 
no lesions observable in any of them. Serum from the patient's blood was tested 
for agglutinins of Brucella abortus, Pasteurclla tularensis , Pfeifferella mallei 
and Proteics X19 with negative results. Sections of spleen, liver, and lymph 
nodes were stained by Brown-Gram stain and carbolfuchsin acid-fast stain, 
without revealing anything except a few micrococci in certain lymph nodes. 


COALMEN!' 

The principal clinical features of this case were : first, the long-continued 
enlargement of the chain of cervical lymph, nodes which had repeatedly dimin- 
ished in size following radiotherapy, and second, the development of hepatic and 
splenic enlargement, followed by ascites, low-grade fever, and evidence of hepatic 
insufficiency as shown by clinical signs and also by tests of hepatic function. 
The latter findings hardly seemed compatible with the diagnosis of tuberculosis 
which had previously been made on the basis of a biopsy of a cervical node! 
For this reason, the terminal phenomena were looked upon as independent of 
the previous adenopathy, an error which was apparent only at necropsy. 

Just as the clinical features of this patient's illness presented complex prob- 
lems in differential diagnosis, so also did the findings at necropsy. The only 
evidence of tuberculosis that could be found postmortem was in the form of 
primary healed foci in the lungs and peribronchial lymph nodes. The diagnosis 
of tuberculous cervical lymphadenitis was not confirmed by necropsy and? as a 
matter of interest, the cervical lymph nodes, so far as could be observed, were 
not remarkable m any respect. They were discrete, of the size of a pea or 
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smaller, and somewhat increased in consistency. Search was made in (lie axillary 
fossae for enlarged nodes because the history of the patient’s illness indicated 
that involvement of lymph nodes in the right axilla had been present. Only 
one enlarged node, approximately 1 cm. in diameter, was found, this being very 
firm and grayish white. The clinical and roentgenologic evidence of widening 
of the mediastinal shadow was not confirmed. Aside from the one node involved 
by calcified tuberculosis, as already mentioned, there was nothing noteworthy 
grossly in this region. The really prominent lesions, those apparently respon- 
sible for the patient’s demise, were confined to the abdominal cavity where there 
were found ascites, extensive lesions of the liver and spleen and of the lymph 
nodes composing the lymphatic chain across the abdomen between liver and 
spleen. The splenic and hepatic lesions grossly resembled multiple foci of neo- 
plastic tissue, such as one might expect in certain types of sarcoma. Some of 
the lymph nodes were very large and formed masses along the pancreas which 
were composed of individually discrete nodes, conglomerate only because of 
loosely adherent intervening areolar tissue. Although not entirely typical, these 
nodes resembled grossly those seen in lymphosarcoma or Hodgkin’s disease. 

The microscopic preparations of the various lesions were even more diffi- 
cult to evaluate accurately. From gross examination it had been anticipated 
that the lesions would be revealed microscopically as clearly defined Hodgkin’s 
disease or sarcoma. But in contrast to this we found a rather indefinite granu- 
lomatous process with lymphocytic collections and extensive focal areas of necro- 
sis in the liver and spleen. In the lymph nodes, there were foci of lympho- 
cytes, hyperplasia of endothelial and reticular cells and zones of necrosis or 
fibrosis, with loss of sinus architecture and lymph follicular structure. The 
lesions in the cervical, peribronchial, axillary, splenic, pancreatic, hepatic, gas- 
tric, and mesenteric lymph nodes seemed 1o he of the same fundamental type, 
with differences only a matter of degree or age. In the liver and spleen, too. 
the lesions appeared to be patliogcnetieaily related to those of the lymph nodes, 
representing more severe or earlier manifestations of the same process. 

Such changes could hardly be interpreted as neoplastic in the usual sense. 
They were quite evidently an unusual manifestation of some unknown infectious 
agent that had produced in the tissues granulomatous reactions of nonspecific 
type, or at least of a type not to be identified with the granulomatous diseases 
of known etiology. Not only did morphologic study of the lesions eliminate from 
consideration the usual forms of specific granulomatous disease, but this had also 
been done by tissue stains for microorganisms, bacteriologic, serologic, and ani- 
mal inoculation studies. Etiologic agents of the easily proved infectious dis- 
eases were thus eliminated, as well as tuberculosis (mammalian and avian 1, 
glanders, syphilis, tularemia, undulant fever, spirochetal diseases of the liver 
and the mycotic and protozoan diseases. 

The presence of Staphylococcus aureus as found in the lesions postmortem 
could hardly be regarded as significant. They often have been found associated 
with the lesions in Hodgkin’s disease; however, they are generally regarded as 
secondary invaders. In this connection Cunningham stated that: “Staphy- 
lococci and streptococci may give rise to a picture simulating Hodgkin ’s disease 
histologically, either by direct infection or as an irritative reaction.” It had 
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been out.' opinion that the staphylococci in our ease were secondary or terminal 
invaders and had in no way been connected with the evolution of the lesions, 
thonglv no doubt final disposition of this question should be held in abeyance. 
Wallhausev considers, bacteriologieally, that Hodgkin’s disease presents “con- 
fusing and variegated findings, none of them generally accepted as etiologie.” 

It is apparent then, that in spite of ordinarily adequate study, the specific 
etiologie agent responsible for tiie lesions in our ease had missed detection. Of 
the granulomatous diseases with which our case might be classified, that is, 
granulomas with unknown etiology, primary consideration must be given to 
Hodgkin’s disease. In retrospect, the history of the case would coincide with 
such a diagnosis, and the findings, and at necropsy the morphologic studies, al- 
though not classical, could be considered sufficiently characteristic to admit this 
diagnosis. The possibility must be considered that in our case the unusual pic- 
ture had been evolved by some modifying agent, such as might be produced by 
radium and secondary infection, also, that the disease existed in two phases, 
both of which are sometimes difficult to diagnose, the first being the latent or 
fibrotic stage and the second the earliest or acute phase. Cunningham stated 
that: “The earliest pictures of Hodgkin’s disease are like those of any infection 
or irritation, a hyperplasia of lymphoid elements, and though the disease be 
suspected clinically, a histologic diagnosis cannot be made, although probable 
or suspected Hodgkin’s is justly resorted to.’’ Likewise of the end stages he 
stated: “The diagnosis cannot he made from such a gland or differentiated 
from the end-results of an acute lymphadenitis, tuberculosis, or syphilis.” 

Attention has been called to the case previously reported by Beaver and John- 
son, in which the pathologic changes in the liver, spleen, and lymph nodes re- 
sembled very closely those found in the patient under discussion. In their 
patient, the clinical course of the disease was brief, but, in spite of this, suffi- 
cient portal obstruction had been produced to cause distention and ascites. 
Their search of the literature revealed two somewhat similar cases, that of 
Loygue and Clarion and that of Spangenberg. In each of these cases the gen- 
eral picture was that of a granulomatous process confined to the liver, spleen, 
and abdominal lymph nodes, and in each the histologic appearance of the tissues, 
while not typical, apparently resembled somewhat that of Hodgkin’s disease. 

There is a certain justification for temporarily including within the scope of 
the last named disorder other similar, although not identical, granulomatous 
diseases that are also of unknown etiology. At least it is on this premise that 
we must rely to support the diagnosis in this case. Others contend, perhaps 
more correctly, that so-called atypical cases of Hodgkin’s disease should not he 
included in the same category, for such inclusion tends to impede discovery of 
etiologie factor*. It must be admitted, however, that the criteria of histologic 
differentiation are not always well defined in this group of diseases and that 
there are multiple exceptions and overlappings, from varied granulomatous re- 
actions to lymphosarcoma, leueemia, or pseudoleueemia. It is not entirely cer- 
tain, moreover, that some of the conditions more recently described under the 
general heading “reticulosis” are not related to Hodgkin’s disease. So long as 
indefinite definitions exist in sueli groups of diseases of unknown etiology it 
will be extremely difficult to define sharply the scope of any one disease ’ 
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Ewing summed up this perplexing situation in his discussion of Hodgkin's 
disease with the following remarks: “Unfortunately, the clinical picture of 
Hodgkin’s disease is not always associated with this particular histologic struc- 
ture (proliferated endothelial cells, endothelial giant cells, plasma cells and 
eosinophilic leucocytes). . . "Without the knowledge of the etiologic factor it 
remains almost as difficult as before to determine the true scope of this infec- 
tious granuloma, for all phases of the disease cannot be recognized with the same 
certainty. ... In this dilemma one may follow the plan adopted by H. Ziegler, 
and include under Hodgkin’s disease all conditions which seem to have any 
probable relation to the specific process. . . . There is a strong probability that 
the scope of the disease is very wide. ...” 

For these reasons and because of the clinical features of cervical adenop- 
athy, which preceded the abdominal signs by a period of fourteen years, it seems 
advisable to record this unusual ease as an example of atypical Hodgkin's dis- 
ease. This is done with the full expectation that subsequent observations on 
similar eases may prove this classification to be in error. The possibility of a 
hitherto unrecognized disease enti ty, related to the infectious granulomatous 
processes, cannot be entirely excluded. 
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ALLERGIC PHASES OP ARTHRITIS* 


Grafton Tyler Brown, B.S., M.D., P.A.C.P., Washington, D. C. 


S ERUM sickness manifests itself in about 90 per cent of the cases where any 
foreign scrum has been administered intravenously, and, according to various 


estimates, in from 8 to SO per cent where the serum is given subcutaneously 
or intraspinally. The symptoms of serum sickness appear in from eight to 
twelve or more days following the injection of the serum, and are thought to he 
due to an excess of antibodies, thrown off into the blood and tissues, coming 
in contact with some of the remaining serum proteins. Definite joint symptoms 
occur in about 14 per cent of all cases of serum disease. Therefore, in every 
case of acute arthritis or arthralgia, inquiry should be made as to whether any 
foreign serum has recently been administered. If the joint involvement is an 
anaphylactic manifestation of serum sickness, it is usually accompanied by other 
symptoms, namely, fever, enlarged glands, and skin rashes which are usually of 
an urticarial nature, but may be erythematous, morbilliform, or searlatiniform 
in type. The ideal treatment for serum sickness with its accompanying arthritis 
is epinephrine hypodermically, followed by ephedrine orally. 

The joint manifestations of acute rheumatic fever are, in all probability, 
due to bacterial allergy. In this disease the symptoms migrate from one joint 
to another within the space of a few hours, and it does not seem possible that 
any localized infection could change its site so rapidly. The only logical ex- 
planation is that the joint involvement is due to a toxic or allergic effect from 
a focus of infection elsewhere in the body, usually the tonsils. The presence of 
infection alone is not sufficient to account for the rheumatic symptoms, because 
in subacute bacterial endocarditis the blood is filled with streptococci, but there 
is no arthritis; whereas in rheumatic fever, positive blood cultures are obtained 
with difficulty, yet many joints are affected. 

The striking periodicity of the attacks of intermittent hydrarthrosis as 
pointed out by Miller, 1 and the satisfactory response of this condition to injec- 
tions of peptone, strongly suggest an allergic basis. Rowe 3 reported a case of 
intermittent hydrarthrosis that was proved to be due to food sensitization 

Chronic rheumatoid or atrophic arthritis affects young adults and middle 
aged persons, mostly women. This form of arthritis is undoubtedly infectious 
in origin, inasmuch as brilliant cures have been reported from removal of foci 
of infection during the first year of the disease. Although cultural studies in 
rheumatoid arthritis frequently reveal streptococci, these are not always of the 
same type, as evidenced by their different effect on the various sugars and bv the 
failure of cross agglutination. Nevertheless, in spite of the difference in the 
causative organisms, the pathology of the joint lesions is always the same su- 
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gesting that the susceptibility or sensitization of the host is the important factor. 
A comparable situation exists in asthma and hay fever, where the same symptoms 
in different individuals may be due to sensitization to different and even unre- 
lated substances. 

Turnbull 3 stated that 60 per cent of a large series of arthritis patients, 
studied during a period of ten years, gave positive cutaneous reactions to tests 
with food allergens, and that elimination of the reacting foods from the diets 
of these patients resulted in a definite improvement in the arthritis. Rowe- 
also reports some cases of arthritis that are due to food sensitization, as evidenced 
by the prompt disappearance of the arthritis when certain foods were eliminated 
from the diet, and the recurrence of the trouble when the foods were again in- 
gested. In Rowe’s cases, however, skin tests were mostly negative and the 
causative foods were determined by means of his elimination diets. 

The allergic hypothesis in arthritis obtains strong support from the experi- 
ments of Freiberg and Dorst,* in which they demonstrated that rabbits, after 
two or more injections of bacterial filtrates, developed characteristic joint lesions. 
These arthritic lesions became aggravated following each additional injection, 
and the rabbits gave positive skin reactions when tested intradermally with the 
bacterial filtrates. 

Harkavy and Hebald 3 reported nine cases of asthma in adults who had also 
developed arthritis. In eight of these nine eases, the arthritis cleared up and 
the asthma greatly improved following the removal of the foci of infection. 
They concluded, therefore, that in these cases the arthritis, as well as the asthma, 
was due to bacterial allergy. 

The possibility of food or bacterial allergy should be considered in every 
case of arthritis. A personal or family history of the common allergic diseases, 
namely, asthma, hay fever, urticaria, angioneurotic edema, eczema, or migraine 
headaches, greatly increases the likelihood that the arthritis also is due to some 
form of sensitization. Food sensitization should be ruled out by skin tests, both 
cutaneous and intradennal, with all the foods entering into the routine diet of 
the patient. If these food tests are negative, yet the history suggests food 
sensitization, then elimination diets are worthy of trial. Skin tests with stock 
polyvalent bacterial proteins should be done almost routinely in arthritis. 
Definite reactions with bacterial proteins arc relatively rare, but when they do 
occur, treatment with corresponding vaccines, stock or autogenous, usually gives 
gratifying results. It must be remembered that although positive food tests 
usually give immediate urticarial reactions, bacterial reactions are almost al- 
ways of the delayed inflammatory type. 

In addition to the elimination of all foci of infection, cultures should be 
obtained from each of these foci for the preparation of autogenous vaccines and 
bacterial filtrates. A vaccine and filtrate are prepared from each different organ- 
ism isolated from the cultures. These autogenous vaccines and filtrates are 
tested intradermally on the patient, and those that react are used for treat- 
ment Treatments are given at weekly intervals, starting with a small dose, 
which is gradually increased according to the local reaction and the condition 
of the patient. Each dose should be regulated so as to produce a satisfactory 
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local reaction persisting on the arm for forty-eight hours, without any focal oi' 
constitutional symptoms. I have frequently seen an aggravation of the arthritis 
follow too rapid an increase in dosage. Crowe 0 of England, who devotes his 
entire time to the study of arthritis, claims that the right vaccine in the proper 
dosage is the ideal form of treatment for this disease. Vaughan 7 reports com- 
plete or partial relief from autogenous vaccine treatment alone, in 69 per cent 
of a series of one hundred eases of arthritis. Both Crowe and Vaughan stress 
the importance of small doses in the vaccine desensitization treatment of 
arthritis. 

SUMMARY 

Arthritis is frequently due to sensitization of the joint tissues, either to 
various foods, or to bacterial products liberated from foci of infection elsewhere 
in the body. The treatment consists of elimination of all offending foods, re- 
moval of all foci of infection, and specific bacterial desensitization. 
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PHOSPHATASE IN HETEROTOPIC BONE FORMATION FOLLOWING 
TRANSPLANTATION OF BLADDER MUCOSA* 


E. M. Regex, M.D., and Walter E. Wilkins, Pii.D., Nashville, Texn. 


H UGGINS 1 lias shown that "bone forms around transplants of bladder, 
ureter, and renal pelvis epithelium to certain parietal fascias (the rectus 
sheath, fascia lata, subcutaneous tissue) and to muscle and synovial membrane 
in the dog.” He reported that this is "true spongy bone with liaversian canals 
containing fibrous and hemopoietic bone marrow.” In a later study 2 he found 
that “in the presence of bone so formed the ratio of phosphatase activity to 
dry weight was very high, at least 2.5 to S times higher than the maximum, and 
from 10 to 20 times the mean values obtained for the control tissue without 
bone. ’ ’ 

During the course of some other studies on bone phosphatase, we carried out 
an experiment similar to the phosphatase studies of Huggins, confining our 
studies to the bladder mucosa and the sheath of the rectus abdominus muscle 
using dogs as the experimental animals. 

Procedure . — Under ether anesthesia and with aseptic precautions, a 2-inch 
incision was made in middle lower abdominal region, the urinary bladder ex- 
posed, an incision was made through the muscular coat down to the mucosa, 
the muscle was carefully pushed bach until an area of the mucosa large enough 
to be grasped with the forceps was exposed, and the desired amount of mucosa 
was thus practically freed from muscle and excised. The incision in the bladder 
was closed with silk sutures. The sample of mucosa thus obtained was divided 
into two parts in such a manner that the exact weight of one would furnish a 
basis for the estimation of the weight of the other. In two instances both 
samples were weighed on a torsion balance, the “hook” of which had been steri- 
lized with the operating instruments. One sample was sutured to the rectus 
sheath with silk and the abdominal incision closed with silk. The other sample 
was ground with (40 mesh) carborundum and extracted with water (containing 
CHC1 3 ) for twenty -four hours. It was then made to the smallest convenient 
volume with water and centrifuged. Phosphatase determinations were made on 
the supernatant according to the technic described by Jenncr and Kay, 1932. 3 
From the phosphatase activity of this sample that of the implant was calculated. 
These values are shown in Table I. After eleven to one hundred and eleven days 
the old incisions were reopened. In most instances cysts had formed and these 
were removed. In the first four cases these were cut in half, one portion being 
used for microscopic sections and the other for phosphatase determination. In 

‘From the Departments of Surgery and Biochemistry, Vanderbilt University ATedical 
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the next four cases the whole cyst was ground in carborundum, extracted and 
made to volume as was the mucosa, and phosphatase determinations made on 
aliquots. In the last case, phosphatase determinations were made on samples of 
the cystic fluid only, the bone being cleaned and preserved. In this case the cystic 
fluid alone contained more phosphatase (phosphatase activity) than the original 
transplant. 

When Dog 6 was reopened for removal of the transplant, it was found 
embedded in the rectus abdominal muscle entirely out of contact with the rectus 
sheath. No bone was found and the amount of phosphatase (phosphatase ac- 
tivity) found in it was less than when it was implanted in the dog twenty-seven 
days before. 

Histologic sections were made from samples from the first four dogs only. 
In no case were complete serial sections made and thus it was not possible to 
ascertain beyond any doubt that no bone was formed in Dogs 1, 4 and 6, al- 
though on careful gross inspection no bone could be found. 

The amount of bone formed docs not seem to vary directly with the size of 
the sample of implanted bladder mucosa, although the largest implant made 
resulted in the largest bone (Dog 9-6). This may be due to the fact that the 
implants did not remain exactly in the original position, thus exposing varying 
areas to the rectus sheath. In any ease the amount of the enzyme as measured 
by its activity is decidedly increased when bone appears. This is in agreement 
with the results of Huggins. 2 
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A NOTE ON THE MENSTRUAL INFLUENCE ON 
BLOOD MORPHOLOGY* 


Allan Winter Rowe, and Mart C. Guagenty, Boston, Mass. 


I N THE course of a more extended investigation on various factors influencing 
blood morphology, a small group of consecutive analyzes were made to ascer- 
tain if there were a significant influence from menstruation on the blood pic- 
ture. Four healthy athletic young women formed the nucleus of the group. 
To these were added 2 more equally athletic girls but with proved dysfunctional 
states of the pituitary associated with irregularity in the periods with shortened 
interval and normal or increased flow. Subject “W” had normal periods at 
from seven- to fourteen-day intervals; Subject “R" slightly more profuse 
periods at intervals of from eighteen to twenty-eight days. The essential basic 
data are given in Table I. 

Tahoe I 


Basic Data 


DATUM 

normal 

pituitary 

P. 

D. 

G. 

K. 

TV. 

K. 

Age (yr.) 

19 

20 

20 

20 

1 21 

20 

Height (cm.) 

158.4 

160.0 

158.8 

159.7 

157.0 

166.8 

Weight (kg.) 

55.0 

00.5 

56.4 

58.2 

53.2 

66.8 

Deviation (%) 

-7.0 

+1.0 

±0.0 

+3.0 

-2.0 

+8.0 

Lung volume (%) 

+7.0 

+13.0 

+7.0 

+16.0 

-2.0 

-1.0 

Total nitrogen (gm.) 

7.1 

9.1 

7.5 

12.5 

5.6 

10.3 

Residual nitrogen {%) 

8.4 

7.4 

9.1 

6.7 

7.2 

8.7 

Basal rate (%) 

±0.0 

-6.0 

-10.0 

-6.0 

(-9.0) 

-19.0 

Sugar tolerance (%) 

±0.0 

±0.0 

±0.0 

±0.0 

-75.0 

-50.0 


The data from the normal group attest the warrant of their designation. 
With Subject “W” we were unable to get a satisfactory basal rate, her true 
level falling materially below that recorded. Her presenting difficulty was 
promptly corrected by the therapeutic approach with pituitary medication. The 
individual menstrual habits are recorded in Table II. 


Table II 
Menstrual Data 


SUBJECT 

ONSET 

INTERVAL 

PERIOD 

NAPKINS 

JVonuai 





P 

13 

28 

7 


D 

13 

25-30 

3-4 

3-4 

G 

12 

28 

4 

3-1 

K 

13 

2S 

4 

3-4 

Pituitary 





W 

11 

7-14 

3-4 

2-3 

-R 

12 

1S-2S 

4 

4-5 


•From the Evans Memorial, Massachusetts Memorial Hospitals, 
neceived for publication, April 7, 1034. 

Mar elf 'Vo 3 3° U ' C Bio '° slcal Chemical Section of the American Chemical Society, Wasli- 
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Subject ‘"P” had long and ample periods; the others conform more nearly 
to the conventional mode. 

All counts -were made in the early morning with the subjects in a fasting 
state. So far as was possible, representative counts were made during the in- 
terval between periods together with daily records from two days before tu 




— -*■ 

Graph II. 

two day's after the period. Bloods were taken before 8 p.m.; the hemoglobin 
estimated by the Dare and Newcomer procedures and red and white counts 
made in duplicate by the usual procedures using a standardized Levy (double 
Neubauer ruling) counting chamber. For the differential counts, duplicate 
smears were prepared with Wright’s stain and 200 cells counted with each, 
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All of the curves show irregularities unassocialed with any known iniluence. 
The general picture of the changes in hemoglobin and erythrocytes can best be 
shown graphically (Graph I). 

This normal girl shows a definite drop of both components in the first period 
recorded; both the pro- and postmenstrual intervals reflect this depression. The 
second period is perhaps less well marked; transitory recovery of the erythrocyte 
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count begins with the period. It will be noted that she was slightly delayed 
beyond her usual habitude. 

Subject “K,” whose record is given in Graph II, shows a variant of the 
preceding in that the first period demonstrates no change in hemoglobin and a 
slight rise in the red cell count during the first period. In the second there is 
a gradual depression reaching culmination with inversion of the curve during the 
time of flowing. She, too, shows a protracted intermenstrual interval 

This is a partial record of the pituitary Subject “W” with marked fluctua- 
tions during the interval and but minor change in the hemoglobin during the 
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period. The erythrocytes demonstrate a sharp drop in the middle of the period 
with, however, the two highest and equal values recorded on the first and last 
days of the ilow. The picture is one of a lack of normal control and may be 
felt to reflect the drain of her excessive and unregulated catamenia. 

While the subjects were examined in a fasting state, it was impossible to 
arrange for basal examinations. We did not find, however, those high leucocyte 
counts following physical activity which have been frequently recorded in the 
literature. With but occasional minor exception, all of the values fell within the 
usual conventional normal range. The total leucocyte count showed much the 
same fluctuations and in perhaps a slightly more marked degree as were exhibited 
by the hemoglobin and red cells. The differential counts were seemingly un- 
affected by the catamenial influence. Taking the averages of all records for the 
four intervals determined by the presence or absence of menstruation, the re- 
sults are given in Table 111. 

Table III 

DirrEHKXTiAi, Leucocyte Count 

CELL INTERVAL PBEMKNSTUUAL MENSTRUAL rOSTMEXSTKUAL 

Neutrophiles 52.0 50.0 50.0 51.0 

Lymphocytes 39.0 3S.0 39.0 3S.0 

Endothelial leucocytes 0.5 S.5 7.5 7.5 

Eosinopliilcs 2.0 3.0 3.0 3.0 

Basopliiles 0.5 0.5 0.5 03> 

The lymphocytes are relatively slightly high, the neutrophiles correspond- 
ingly low. While the method of averages conceals individual variation, these 
figures represent the group and show no evidence of menstrual influence on the 
differential picture. 

Still using average values, the general menstrual influence can be shown 
schematically. 

All of the factors show a downward tendency during the flow with gradual 
recovery after its termination. The average change is not great, and the in- 
dividual records of this small group would seem to indicate that none of them 
had a characteristic pattern. With Subject “W,” the excessive blood loss 
seemed to be associated with some lack of control in the regeneration processes. 
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,t t the c hief influence on the sedimentation o^ 
Most observers agree that t a nd even in the days of Galen, 7 

erythrocytes is an inherent factor in . P ‘ - 1<ecognize d that standing blood 

when he described the erusta ag first noted by Hunter.- In 

would settle m two layers a q£ ^ « b uffy CO at” said, “an increase 

1897 , Pfeiffer 9 stndymg on the^ ^ ^ ^ ^ increase in agglutination, 

in the sedimentation o y factor might cause the corpuscles to con- 

and that an increase in the fi furtheP the agglutination.” Dogicl, 

gregate more i j n found that an increase in sedimentation was gen- 

II ay cm, and agglutination. These facts suggested the channel 

“StaSS InvoXtiou of fbo Plasma fractiou, and a partif.on svas .hero- 

f " C To' 1 establish a group of controls, fractions wore done upon five persons 
having a normal sedimentation rate. 

•Received for t a“^“v 1 y l o r k P patholostcal Society. November 14. 1331. 

possible by a srant from the Aiiee U Filbert Fund. 

257 



258 


THE JOUKN'AL UP LABOUATOKY AND CLINICAL MEDICINE 


The foregoing Tables III and IV, indicate that I have arbitrarily divided 
them into a “Fast Group” (Table III) ranging in time from live to sixty minutes 
and a “Slow Group” (Table IV) ranging from sixty to three hundred sixty 
minutes. In analyzing these tables very little alteration in the fractions is ap- 
parent in either the slow or fast groups, as compared with the controls or nor- 
mals. 

In the “fast group” there was an increase in the fibrin nitrogen, the average 
(Table V) being 0.18 as compared with the average normal of 0.0b’, and in the 
“slow group” it averaged 0.11. These results confirm the observations of 
Cordua and Hartmann 13 and Frisch and Starlinger. 14 


Table II 

Partitions Ui*on Normal Individuals 


PATIENT 

TOT. N. 

X. P. N. 

. . . . 

ritoT. 

X. 

FIB KIN 

X. 

EUGLB. j 
X. | 

1 | 2 
psdo, i rsDO. 

GEN. j GLN. 

TOT. 

GLN. 

ALB. 

X. 

S. T. 

i 

1.1G 

0.02 

1.11 

0.07 

0.15 . 

0.19 0.15 

0.19 

0.5S 

5 lir. + 

o 

1.0S 

0.03 

1.05 

0.03 

0.0S i 

0.1S ! 0.10 

0.12 

0.G0 

5 hr. + 

3 

1.10 

0.01 

1.00 

0.01 

0.19 

o. 2 o : o.os 

0.17 

0.5S 

3 hr. r 

•1 

1.19 

0.01 

1.18 

0.12 

0.10 . 

0.12 0.19 


0.71 

6 hr. 

5 

1.19 

0.02 

1.19 

0.10 

0.27 

0.1S j 0.15 


0.19 

3 hr. 


Table HI 


Partitions Upon Diseased Individuals (Fast Group) 


PATIENT 

TOT. X. 

N. I\ X. 

TROT. 

X. 

FIBRIN 

X. 

EUGLB. 

X. 

1 

PSDO. 

GLX. 

o 

PSDO. 

GLX. 

TOT. 

GLN. 

BS 

S.T. 

i 

1.27 

■Tie 

1.24 

0.23 

0.32 

0.24 

0.10 

0.66 

0.35 

5 niin. 

0 

1.49 


1.19 

0.15 

0.27 

0.29 

0.00 

0.55 

0.49 

o min. 

3 

1.34 



0.26 

0.2 G 

0.25 

0.17 

0.S1 

0.26 

15 min. 

1 

1.11 

0.03 

1.0S 


0.27 

0.24 

0.07 

0.5S 

0.29 

15 min. 

5 

1.02 



0.10 


0.20 

O.U 

0.54 

0.2S 

15 mhi. 

0 

1.28 


1.10 


0.1S 

0.19 

0.13 


0.43 

15 min. 

7 

1.37 

0.23 

1.14 


0.13 

0.19 

O.OS 

0.5S 

0.32 

15 min- 

S 

1.3S 

0.27 

1.11 

0.15 

0.23 

0.17 

0.16 

0.56 


15 min. 

V 

1.37 

0.08 

1.29 


0.43 

0.1S 

0.10 

0.77 

0.29 


10 

1.02 




0.29 

0.06 

0.11 

0.14 

0.36 

25 nun. 

11 

1.41 


1.41 

O.OS 

0.34 

0.35 

0.13 

0.S2 

0.51 

25 min. 

12 

1.35 


1.32 

0.33 

0.25 

0.2S 

0.10 


0.36 

40 min. 

13 

1.18 


1.14 


0.16 

0.17 

0.14 

0.47 

0.55 

45 min. 

11 

1.04 




0.1S 

0. IS 

0.11 

0.47 

0.44 

50 min. 

15 

1.41 



JgpKj* 

0.30 

0.2S 

0.14 

0.72 

0.4S 


16 

1.13 

Kail 

1.12 

0.13 

0.15 

0.1S 

0.19 

0.52 

0.47 

60 mm. 


Table IV 


Partitions Upon Diseased Individuals (Slow Group) 


■ 

TOT. N. 

X. P. x. 

TROT. 

X. 

FIBRIN 

N. 

EUGLB. 

*• 

1 

PSDO. 

GLN. 

o 

PSDO. 

GLN. 

TOT. 

GLN. 

( 

• a 

S. T. 

1 

1.44 

0.02 


0.39 

0.40 

0.25 


o.so" 

0.23 

70 min. 

O 

1.13 

0.08 


0.13 

0.11 

0.22 

0.11 

0.44 

0.4S 

So in in. 

3 

1.13 

0.01 

1.12 


0.11 

0.31 

0.10 

0.52 

0.45 

ISO min. 

4 


0.03 

1.01 

KM! 

0.05 

0.24 


0.37 

0.63 

ISO min. 


1.19 

0 02 

1.19 


0.27 

0.18 

0.15 


0.49 

ISO min. 

C\ 

1.1 0 

0.0 4 

1.06 


0.19 

0.20 

0.08 

0.47 

0.58 

ISO min. 

7 

1.16 

0.02 

1.14 


0.15 

0.19 

0.15 

0.49 

0.5S 

300 min. 

s 

1.18 

0.03 



0.08 

0.1S 

0.16 

0.42 

0.60 

300 min. 

9 

1.19 

0.01 

1.18 

1 

0.16 

0.12 

0.19 

0.47 

0.71 

360 min. 
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The average cu globulin nitrogen was 0.1'T in the normals, in the “fast 
group” 0.26, and in the “slow group” 0.12. 

The average total globulin nitrogen in the normals was 0.49, 0.58 in the 
“fast group,” and 0.15 in the “slow group.” The increase in the globulin 
content in the fast sedimentation group parallels the results on Salomon. 15 

Tabic V shows that there is an appreciable increase in the fibrin nitrogen, 
euglobulin nitrogen, and the globulin nitrogen content in fast sedimentation 
eases, with only a slight increase in the slow eases, and a practically negligible 
increase in the pseudoglobulin 1 and 2 in both slow and fast. 


Table V 

Averages or Tables II, III and IV 



CONTROL 

EAST j 

SLOW 

Fibrin N. 

1 0.06 

0.18 

0.11 

Euglobulin N. 

0.17 

0.26 i 

0.12 

Pseudo G). 1 K. 

[ 0.17 

0.31 

0.21 

Pseudo Gl. 2 N. 

i O.U 

O.U 1 

0.13 

Globulin JT. 

i 0.49 ! 

0.58 1 

0.51 

Albumin N. 

[ 0.59 

0.3S 

0.53 


Table VI 

The Effect or Protein Ingestion Upon the Sedimentation Tijie 



SF.D. .TIME 

N.r. N. MG./100 

UREA N. 

AMINO N. 

Control 


■ 

17.3 

4.2 

First hour 

180 

■ 

15.6 

6.3 

Second hour 

180 


16.8 

8.4 

Third hour 

180 

41.7 

21.0 

7.7 

Control 

50 

24.6 

10.3 

5.6 

First hour 

35 

26.5 

10.5 

4.9 

Second hour 

100 

33.4 

11.4 

10.3 

Third hour 

45 

39.0 

12.8 

4.9 

Control 

25 

31.5 

12.5 

4.2 

First hour 

25 

33.0 

13.2 

6.3 

Second hour 

20 

33.0 

14.0 

7.0 

Third hour 

20 

33.0 

13.5 

4.9 

Control 

30 

23.9 

12.8 


First hour 

20 

25.2 

11.3 

7.7 

Second hour 

25 

27.6 

13. 5 

7.7 

Third hour 

25 

29.3 

13.2 

9.1 


The albumin nitrogen shows an average decrease in the fast cases with prac- 
tically no change in the slow eases. This agrees with the findings of Miknlicn- 
Radeeki. 10 This fall in the albumin nitrogen content in the fast eases can be ac- 
counted for by Nature’s effort to compensate for the rise in fibrin nitrogen. 

With this laboratory data in mind, an attempt was made to determine the 
effects of protein ingestion on the sedimentation rate. 

A group of patients under study were each fed 150 gm. of lean meat and six 
ounces of water, and the sedimentation rate, nonprotein nitrogen nrea and 
amino nitrogen, were determined each hour for the succeeding three hours. A 
control specimen was taken in each instance (Table YI). 

In Case 1 (I able YI) all the fractions were progressively increased over 
the period of investigation with no change in the sedimentation rate. Cases 2, 
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3, ami 4, which have been classified as “ rapid,” do not show any alteration in 
the sedimentation rate, in spite of the apparent increase in all fractions over the 
period. Therefore, it may he said that increasing the protein fractions does not 
alter either the slow or fast rates. Following up this trend of thought, the 
sedimentation rate of three eases of definite renal involvement was determined 
(Table VII). 

Table VII 

The Sedimentation- Kate is Xk to unties 

1. Urine protein 1 + jBlooil urea ‘-2.7 I X. P. X. 39.1 j ; S. It. ISO min. 

2. Urine protein + j Blood urea 30.0 JX. P. X'. 55.6 ! iS.lt. 51 min. 

3. Urine protein 4-11+ j Blood urea 12-1.5 ; Creatinine 21 ( Ainno X'. 19 jS. it. 5 min- 


After a review of all the findings regarding the nitrogen partition's in- 
fluence on the sedimentation rate, it seems justifiable to state that in the face 
of such wide variations, no reliance can be placed on its influence on the sedi- 
mentation time. 

To determine what influence glucose had on the sedimentation rate, a group 
of six individuals with normal blood sugars ranging from 0.07S to 0.142 mg./lOO 
were selected for the glucose tolerance test. Each was given the standard amount 
of 1.74 gm. glucose per kilo of body weight, with sugar estimations and sedi- 
mentation rate readings at one- and two-hour intervals (Table VIII). 


Table VIII 

Effect of Glucose Ingestion Upon the Sedimentation Kate 


PATIENT 

; control j 

FIRST 

none 

second none 

S. K. 

! SUG.Ul i' 

1 I‘EK CENT j 

S. K. 

SUQAK 

PER CENT 

S.K. 

SUGAR 

I*EK CENT 

i 

j 20 

j 0.113 i 

20 

0.1S7 

20 

0.1S2 

2 

20 

’ 0.109 

20 : 

0.195 

20 

0.175 

3 

1 45 

j 0.142 ; 

4.7 ! 

0.23S 

4y 

0.340 

4 

' 120 

j 0.097 ! 

1«UJ 

0.117 

150 

0.103 

0 

i 120 

j 0.07S 

30 

0.142 

$0 

0.13S 

0 

1 1 55 

1 0.095 ' 

S5 

0.1 5 S 

no 

0.11 0 


It will be observed that in the fast cases the sedimentation rate remained 
constant despite an increased sugar percentage, whereas in the slow group it 
showed a decrease in the rate along with an increase in the sugar percentage. In 
an attempt to correlate these findings, a group of recognized diabetic patients 
were studied (Table IX). 

Table IX 


Sedimentation Kate in Diabetic Patients 


1 

2 

3 

1 

5 

6 
7 


AT 1 ENT 

BLOOD SUGAR 

G. 

0.445 

S. 

0.156 

G. 

0.297 

A. 

0.240 

S. 

0.15G 

X. 

0.193 

X. 

0.096 


j SEDIMENTATION KATE 
33 min. 

51 min. 

23 min. 

108 min. 

382 min, 

205 min. 

357 min. 
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In the glucose tolerance control patients, it is apparent that in Oases 4, 5, 
and 6, or fast sedimentation rate, the higher the sugar percentage, the slower the 
rate; this seems to he the reverse in cases of clinical hyperglycemia. 

The effect of the ingestion of food on the stability of the blood was shown 
by Rourke and PI ass 17 to be negligible and confirms Dc Courcy V s observations. 

Although the blood plasma lias been credited with containing the neces- 
sary “something” which influences the sedimentation rate of the erythrocytes, 
it is certain that the cells themselves play a most important part. Groedel and 
Hubert 10 state that the erythrocytes are the most important single blood com- 
ponent in the sedimentation rate. In eases of high hemoglobin and a normal 
red blood cell count the rate Is usually normal or slightly slowed. They also 
noticed that an increased rate is more common in blood with low hemoglobin, 
differing from Westergron, 20 who claimed that the sedimentation rate is in- 
fluenced chiefly by the hemoglobin content. Rubin’s and Smith’s 21 findings in 
this relation were in accord with those of Groedel and Hubert. 

Tables X and XI refer to a study of eighteen patients upon whom red blood 
cell count, hemoglobin, and sedimentation time were taken. They were divided 


Table X 

Relation or Red Cell Count, Hemoglobin and Sedimentation Time 
(Past Group) 


NAME 

R. B. C. 

HEMOGLOBIN 

SEDIMENTATION TIME 

1 


40% 

1 min. 

o 

3,240,000 

54% 

5 min. 

3 


60% 


4 


86% 

15 min. 



32% 

15 min. 

6 


50% 

15 min. 

7 


40% 

15 min. 

8 


64% 


9 


50% 


10 


67% 

i 25 min. 

11 




12 


70% 

30 min. 

13 


67% 

45 min. 


Table XI 

Relation or Red Cell Count, Hemoglobin and Sedimentation Time 
(Slow Group) 


NAME 

B, B. C. 

HEMOGLOBIN ( 

SEDIMENTATION TIME 

i 

4,600,000 

84% 

60 min. 

2 

3,700,000 

58% i 

70 min. 

3 

2,940,000 

50% 

70 min. 

4 

2,200,000 

32% 

85 min. 

5 

j 4,725,000 

74% 

100 min. 


into the “fast” and “slow” groups according to the sedimentation time. As can 
be seen in the “fast” group, where all the rates of blood were below sixty 
minutes, when there was a low red cell count and hemoglobin, a fast sedimentat- 
ing blood was usually present. However, a sufficient number of exceptions 
occur to prevent definite conclusions being drawn. 
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Table X shows hemoglobin varying from 32 to S6 per cent and red blood 
cells 1,790,000 up to 4,220,000 with the sedimentation rates varying from one 
minute to forty-five minutes. 

Table XI shows the hemoglobin from 32 to S4 per cent and the red blood 
cells from 2,200,000 to 4,600,000, and the sedimentation rate from sixty to one 
hundred minutes. 

There does not seem to be any consistency in relationship or parallelism be- 
tween the hemoglobin, red blood cells and sedimentation time in either group. 
This can be seen by comparing Case 10 of the “fast” group (with hemoglobin 
32 per cent, red blood cells 1,790,000 and sedimentation time of fifteen minutes) 
with Case 17 of the “slow” group (with hemoglobin 32 per cent, red blood cells 
2,200,000 and a sedimentation time of eighty-five minutes) ; and again, Case 
2 in the “fast” group (hemoglobin S6 per cent, red blood cells 3,6S0,000, sedi- 
mentation time fifteen minutes), with Case 15 in the “slow” group (S4 per cent 
hemoglobin, red blood cells 4,600,000, and sedimentation time of sixty minutes). 
This discrepancy is noted throughout. Variations occurred sufficiently often in 
this series of pathologic states to prevent establishing a definite ratio between 
the red blood cells, hemoglobin, and sedimentation time. These findings agree 
with the observation of Hunt, 22 who claims that in normal bloods the red blood 
cells, hemoglobin, and sedimentation rate show a direct relationship, and also 
believes that as the blood count decreases the sedimentation rate increases, but 
no definite parallelism exists. 

It is an established fact that the percentage of fibrin of the blood in simple 
anemia, aplastic anemias, and polycythemia is found almost consistently within 
normal limits. In the leucemias and pseudoleuecmias there is only slight, if 
any, increase. In the primary anemias there is a diminished fibrin. Gram 23 
found an increase sedimentation of erythrocytes in anemias that closely 
paralleled the decrease in the red blood cells, and that the fibrin values did 
not increase unless there was secondary infection. 

Any marked variation of the cell count, either above or below normal limits, 
affects the sedimentation rate. This was demonstrated in two cases of poly- 
cythemia (Table XII) and five cases of secondary anemia (Table XIII) (with 
established causes) that were studied. 


Table XII 

Sedimentation Time in Two Cases or Polycythemia 


name 

R.B.C. 

HEMOGLOBIN 

S. T. 

i R.B.C. VOL. 

PLASMA 

1 

8,200,000 

132% 

IS liours 

71% 

29% 

2 

8,150,000 

1X0% 

5 liours i 

72% 

2S% 


Table XIII 

Sedimentation Time in Five Cases op Secondary Anemia 


PATIENT 

R.B.C. 

hemoglobin j 

SEDIMENTATION time 

i 

3,240,000 

54% 

5 min. 

2 

2,350,000 

55% 

6 ruin. 

3 

2,350,000 

32% 

23 min. 

4 

2,240,000 

50% 

22 min. 

5 

3,590,000 

58% 

43 min. 







CHERRY: sedimentation rate oe erythrocytes 


2&i 


The sedimentation rate in relationship to cell volume and total solids was 
next studied (Table XIY). 

Table XIY 


Relation to the Sedimentation Time to Cell Yolume and Total Solids 


PATIENT 

sedimentation time 

R.B.C. VOL. PER CENT 

TOTAL SOLIDS PEIC CENT 

i 

5 rain. 

20 

10,0 

2 

15 min. 

29 : 

18.0 

3 

25 rain. 

30 

22.3 

4 ! 

300 min. 

45 1 

22.8 

5 

18 lionrs 

71 

21.0 

6 

5 hours 

72 j 

28.0 


“In blood the sedimentation rate of the erythrocytes is, roughly, inversely 
proportional to the cell volume, provided other factors are unchanged.” This 
was stated by Rourke and Plass 17 and emphasized by additional workers (De 
Courey 18 Gram , 23 and Rubin and Smith 21 ). Rourke and Plass, in their ex- 
perimental work on the effect of blood dilution on the sedimentation rate, con- 
cluded that it is very important that the result of a sedimentation test should 
not be interpreted in terms of infection or of other tissue damage, without con- 
sideration being paid to the concentration of the blood (cell volume). 

A study of the red blood cells and sedimentation rate led to the investiga- 
tion of the relationship which exists between the leucocytes and sedimentation 
rate (Table XV). No particular class of pathologic conditions was selected; 
hospital cases were taken at random. 


Table XV 


Relation of the Sedimentation Time to Leucocyte Count (Past Group) 


PATIENT 

SEDIMENTATION RATE 

i 

5 

2 

5 

3 

5 

4 

5 

5 

5 

6 

5 

7 

10 

8 

10 

9 

15 

10 

15 

11 

15 

12 

15 

13 

15 

14 

15 

15 

15 

16 

15 

17 

15 

18 

15 

19 

15 

20 

15 

21 

15 

22 

20 

23 

20 

24 

20 

25 

25 

26 

25 

27 

25 

2S 

25 

29 

30 

30 

35 

31 

50 


w.b.c. 


10,000 

10,200 

21,300 

25,250 

12.500 

17.000 

7.000 
19,950 

10,800 

9,800 

22.000 
11,700 
11,100 

14.000 

9,800 

13.000 

12.400 

10,200 
33,550 
25,600 

17.500 

11.400 

20.000 

11,200 

10,000 

27,000 

5.000 

25,200 

s,soo 

9,250 

8.000 








264 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


According to Halliburton,- ‘ Lackschewitz,- 3 lierggriin,-® and Doehez- 7 many 
infections and diseases such as pneumonia, tuberculosis, pleurisy, peritonitis, 
acute rheumatic fever, erysipelas, and scarlatina show an increase of fibrin in the 
blood. Pfeiffer 0 in reporting his extensive investigations of the fibrin content 
of the blood in disease, stated that in general the fibrin was increased. lie 
also noted that within the increased fibrin there was a leucocvtosis, and with 
a decrease in the leucocytes a normal fibrin content existed. 

The high leucocyte counts shown in Tables XV and XVI were from speci- 
mens taken from a diversified group of acutely ill hospital patients suffering 
from meningitis, pleurisy, abscesses in the lungs and peritoneal cavity, pneu- 

Table XVI 


Relation or Sedimentation Rate to the Leucocyte Count (Slow Cnour) 


PATIENT 

SEDIMENTATION KATE 

W.B.C. 

1 

70 

5,900 

o 

70 

11,200 

<j 

S5 

7,S00 

4 

bl) 

9,000 

5 

115 

11,160 

6 

nr» 

9,850 

7 

120 

10, ZOO 


Table XVI 



Fast Gitour 




SEDIMENTATION HATE AFTER 

PATIENT 

SEDIMENTATION RATE 
BEFORE 

WASHING IN NORMAL SALINE 
AND REl’LACINU IN OWN 
PLASMA 

i 

45 mill. 

35 min. 

o 

.‘>5 min. 

35 min. 

u 

20 min. 

25 min. 

4 

15 min. 

15 min. 

5 

,1 “ • 

_.) nun. 

40 min. 

G 

10 min. 

10 min. 

7 

35 min. 

23 min. 


monia, erysipelas, peritonitis, and salpingitis. They verify the reports of other 
investigators that leucocvtosis by its increase in fibrin content increases sedi- 
mentation rate. 

It was thought that some information of value might be obtained by cross- 
ing the elements of fast sedimentating blood with the elements of slow sedimentat- 
ing blood, using the same blood groups. Hunt observed that by exchanging 
so-called slow cells with fast plasma he obtained practically the same rate of 
the cells. If the cells of this blood were transferred to the slow plasma, the 
results were almost the same as when the original cells were in the plasma. He 
said, “as this phenomena occurred quite consistently in all samples of blood 
obtained from patients who were in compatible groups, it would seem that the 
substance controlling the sedimentation of the erythrocytes is contained in the 
plasma.” 

Rourke and Plass 17 have shown that, when centrifuging for as long as 
twenty minutes at 2,500 r.p.m. the stability of the remixed blood is not dif- 
ferent from that of the freshly drawn sample. 
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In ordcT to determine what effect washing the cells in normal saline solution 
and replacing them in their own and other sera would have, they were first 
centrifuged and then replaced in their own plasma. The results were prac- 
tically the same as the original sedimentation rate. The erythrocytes were then 
centrifuged out of their plasma, washed in normal saline, and replaced in their 
own plasma. Tables XVI and XVII show the results. 

Table XVII 


Stow Group 


PATIENT 

SEDIMENTATION KATE 
BEFORE 

SEDIMENTATION KATE AFTER 
WASHING IN NORMAL SALINE 
AND REPLACING IN OWN 
PLASMA 

i 

210 min. 

ISO min. 

o 

240 min. 

420 min. 

3 

ISO min. 

180 min. 

4 

ISO min. 

180 min. 

5 

ISO min. 

210 min. 


In twelve eases there was only one blood in which the rate was appreci- 
ably decreased (Case 2 of the slow group) and one in which the rate was in- 
creased (Case 5 of the fast group). The conclusions from these findings can 
logically he that changes in the physical environment of the erythrocytes have 
very little influence upon the sedimentation rate, and can be practically ignored 
when cross sedimentation tests were made. 

The “fast red cells” after centrifuging and washing with normal saline 
were next crossed with “slow plasma.” The result of seventeen such experi- 
ments is shown in Table XVIII. 


Table XVIII 

“Fast” Bed Blood Cells Crossed With “Slow” Plasma 


R.B.C. 

PLASMA 

CROSSED 

PER CENT CHANGE IN 
TIME 

5 

10 

10 

15 

15 

15 

15 

15 

20 

20 

25 

25 

30 

30 

35 

45 

45 

120 

240 

85 

120 

120 

300 

180 

240 

140 

180 

360 

180 

240 

180 

180 

240 

120 

5 

300 

20 

50 

30 

120 

ISO 

420 

35 

240 

360 

300 

240 

45 

360 

420 

55 

0 

+2900 
+ 100 
+ 233 
+ 100 
+ 700 
+1100 
+ 833 
+ 75 

41100 
+1340 
+1100 
+ 700 
+ 50 
+ 928 
+ 833 
+ 22 


A tremendous change varying from 22 per cent to 2,900 per cent in slow- 
ing of the rate is noted here (Table XVIII). 

This experiment was then repeated, rising the reverse process of mixhm 

tZ faSt Plasma ' Thc iCSult fourteen eases is shown in 
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Table XIX 

“Slow" Red Blood Cells Crossed With "Bast” Plasma 


R.B.C. 

PLASMA 

CROSSED 

PE It CENT CHANGE IN 
TIME 

85 

10 

35 

-59 

120 

15 

30 

-75 

120 

20 

55 

-51 

120 

0 

20 

-S3 

120 

15 

30 

-75 

140 

20 

50 

-04 


35 

35 

-SO 

ISO 

20 

25 

-SO 


25 

10 

-94 

240 

45 

70 

i - S 


30 

05 

-00 


45 

70 

- s 

300 

15 

15 

-95 

300 

25 

00 

-So 


Here there is a marked acceleration of the rate, varying from S per cent 
to 95 per cent. In reviewing both tables, the findings are in accord with those 
of other workers. The plasma is the influencing factor and is more pronounced 
when fast cells are mixed with slow plasma than the reverse, although in the 
latter instance also, the controlling influence of the plasma is quite marked. 

The surface tension in bloods of varying sedimentation rate was next de- 
termined. These were tested by the I)u Noy Tensionmeter, and the results 
tabulated in fast and slow groups (Tables XX and XXI), 

The average sedimentation rate was twenty-one minutes and the average 
surface tension was thirty dynes (Table XX). 


Table XX 

Past Sedimentation Rate 


PATIENT 

SEDIMENTATION RATE j 

SURFACE TENSION M.M. 

i 

10 

3S 

o 

10 

30 

3 

15 

34 

4 

20 

32 

5 

25 

30 

0 

30 

30 

7 

35 

23 


Table XXI 

Slow Sedimentation Bate 


PATIENT 

sedimentation rate 

SURFACE TENSION M.M. 

i 

So 

12 

o 

140 

o 

y 

ISO 

2 

4 

ISO 

4 

„ 5 

ft 

180 

3 

S 


The average sedimentation rate was one hundred sixty minutes and the 
average surface tension was four and six-tenths dynes (Table XXI). 

These findings suggest that the faster the sedimentation rate, the greater 
the surface tension. Since surface tension is due to the fact that the molecules 
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within a liquid arc subjected to equal forces of attraction on all sides, at the 
surface these forces act only on one side of the molecule and thus tend to pull 
them inward. This causes the surface to pull itself together so as to occupy 
the least possible area, and it is this force which constitutes surface tension. 
Thus it would seem that with an increased molecular concentration in fast 
sedimentation rate blood, the greater the tension, and vice versa. 

Surface tension was then checked upon bloods which had been crossed and 
the results are shown in Tables XXII and XXIII. 

Average slow plasma, ISO; average red blood cells, 20; average surface 
tension, 4.7 m.m. 

Table XXII 

Surface Tension Following Crossing "Slow" Plasma With "Fast" Ued Cells 


PATIENT 

SLOW PLASMA 

PAST REP BLOOD CELLS 

SURFACE TENSION M.M. 

i 

So 

10 

15 

o 


20 

1 

3 

180 

35 

1 

4 

ISO 

15 

6 

5 

180 

10 

3 

6 

195 

25 

I 

7 

240 

30 

6 


Table XXIII 

Surface Tension Following Crossing "Fast" Plasma With "Slow" Eel Cells 


PATIENT 

FAST PLASMA 

SLOW RED BLOOD CELLS 

SURFACE TENSION M.M. 

1 

10 

180 

24 

2 

10 

85 

24 

3 

15 

ISO 

24 

4 

25 

180 

26 

5 

25 

195 

30 

6 

30 

240 

21 

7 

35 

180 

26 


Average fast plasma, 21; average slow red blood cells, 180; average sur- 
face tension, 25 m.m. (Table XXIII). 

Prom these crossed sedimentation and surface tension readings it seems 
that where slow plasma and fast cells have been mixed, the surface tension 
about equals that of the slow sedimentating blood; whereas a mixture of fast 
plasma and slow cells results hi a lowering of the surface tension. 

A group of thirty postoperative patients were carefully studied. They were 
all clean cases, free from pre- and postoperative infections. The sedimentation 
rate was taken preoperatively, six hours postoperatively, and on the fifth and 
ninth postoperative days. The chemical blood and urine, as well as a red blood 
cell and white blood cell count, were simultaneously studied. All of these post- 
operative eases showed an acceleration of the sedimentation rate and were 
arbitrarily classed as "fast," some being as rapid as ten minutes and all under 
sixty minutes. This would seem to coincide with the findings of others in that 
it indicates a disturbance of the balance, by autolysis of tissue secondary to 
surgical trauma. 
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Greisheimer '' 4 has shown that Hie sedimentation rate varies from day to 
day in healthy individuals, but always within normal limits. This he attributes 
to the incidental wear and tear of life on body tissue. 

In the absence of pyrexia after the initial postoperative rise of temperature 
subsiding by the fifth day, and the normal leucocyte count, I think we arc 
justified in assuming that the increase in rate is due to a disturbed balance 
caused by the absorption of tissue destruction, or as has been suggested, that 
the presence of proteolytic* ferments at the site of operation may disturb the 
fine chemical balance necessary to maintain the equilibrium between the cells 
and plasma. 

Among the gynecologic conditions most often affecting the sedimentation 
time, pelvic infections, especially t he acute inflammations, are most prominent. 
In the pelvis as in other anatomical sites where infection exists, an increase in 
sedimentation rate takes place. Many gynecologists have placed great faith 
in this test as a diagnostic and prognostic aid and have laid considerable stress 
upon it as a guide as to when to operate for the relief of pelvic infections. 

In a former article (Cherry 25 ) in which the results of the sedimentation 
lime in pelvic* infections were evaluated, it was shown that such an index could 
not be followed, and that the clinical picture, leucocyte count, and elevation 
of temperature were more dependable guides. 

Benign, uncomplicated pelvic neoplasms as a rule do not show any decided 
change from normal in the sedimentation rate. However, in the presence of 
necrobiosis and infection there is an acceleration of the sedimenting velocity, 
probably due to increase in blood fibrin and decrease in erythrocytes. Benign 
ovarian neoplasms and fibromyomns showed a normal sedimentation rate in a 
group of thirty cases. In the presence of secondary anemia, where uterine bleed- 
ing is a pronounced symptom, acceleration occurs. These observations agree 
with those of other workers in this field. 

The sedimentation time as a rule is accelerated in all types of malignant 
disease, irrespective of its location. The acceleration becomes markedly increased 
in the presence of metastases, necrosis, infections, and anemia. Rubin 30 believes 
that an increasing sedimentation rate is an indication of the advancement of 
the disease. This increase in the sedimentation time in eases of cancer can he 
especially applied to those instances in which infection has not involved either 
the primary or metastatic growths. My own observations confirm these find- 
ings. 

All observers agree that during pregnancy erythrocytic sedimentation shows 
an acceleration after the fourth month of gestation, and is continued into the 
puerperal state, returning to normal at its termination. Faliraeus considered 
the acceleration of great value in the diagnosis of early pregnancy. This view 
is not confirmed by later observers. Hirst and Long , 31 Baer and Reis, Falta 33 
all agree that as a diagnostic aid in pregnancy it has no value. There is no 
doubt that the pregnant state brings about definite changes in the maternal 
blood, and with these alterations the sedimentation time of red cells is changed. 
Sakae and Tsutsumi 33 believe that the ratio of the blood volume to the erythro- 
cytes is greater and that the corpuscles agglutinate more rapidly because of 
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the increase of the globulin and fibrinogen, or because of a decrease in the 
albumin contents. Gram considered that the lowered percentage of cell volume 
in the early months of pregnancy and the increase in fibrin in the later months 
caused the acceleration. It seems that there are several factors influencing this 
increase of sedimentation time. As pointed out by Bland 31 the anemia ac- 
companying pregnancy would show a lowered cell volume, thus increasing the 
sedimentation time. He furthermore indicated that as a leueocytosis attends 
the later months of pregnancy, there is an increase in the fibrin content of the 
blood which has been believed to hasten the sedimentation velocity. 

During the puerperium the sedimentation rate is rapid for the first ten or 
twelve days, with a gradual decline to normal upon the termination of the in- 
voluting process. This process can be likened to the one following operative 
procedures, where the sedimentation time is always rapid. 

SUMMARY 

1. Plasma partition showed increase in the fibrin nitrogen euglobulin nitro- ■ 
gen, and globulin nitrogen in both slow and fast groups of sedimentating bloods, 
but was more marked in the fast group. 

2. A fall in the albumin nitrogen in the fast group is at the expense of 
the rise in fibrin and euglobulin nitrogen. 

3. No relationship exists between renal involvement and the sedimentation 

rate. 

4. The glucose tolerance test shows a decreased rate with an increase in 
the blood sugar percentage in controls; the reverse seems to be found in diabetic 
patients. 

5. Normal red blood counts and hemoglobin show a fairly constant ratio 
with the sedimentation time. 

6. Variations of the red blood count from normal affect the sedimentation 

rate. 

7. Leueocytosis increases sedimentation rate, but this is due to the in- 
creased fibrinogen content in the blood. Leucopenia gives a normal percentage. 

8. Crossed sedimentation adds to the evidence that the plasma is the con- 
trolling factor on the sedimentation rate. 

CONCLUSIONS 

It would seem from the foregoing review of the literature, elinical data, 
and laboratory findings that changes in the blood sedimentation time are caused 
by disturbing the fine balance between the cellular and fluid elements in the 
circulation. 

Two factors apparently influence the change of rate, cell volume and 
the variations of fibrin, euglobulin, and globulin in the plasma. It has been 
shown that these variations from normal occur in so many pathologic states 
thus influencing the settling of the erythrocytes, that it is impossible to affix 
definitely a standard sedimentation rate to any disease. 



270 


THE JOURNAL OF LABORATORY ANT) CLINICAL MEDICINE 


To rely upon this test alone, without other laboratory data, is unwise. To 
interpret this test for diagnostic purposes, the cell volume and nitrogen par- 
titions must be determined if it is to be of any value. 

Prom a clinical point of view, the sedimentation test alone is confusing, 
because individuals react biochemically to disease in different ways, thereby 
producing variations in rate in the same pathologic state. This has been ob- 
served many times; of two persons having the same disease, one will frequently 
show a sedimentation rate in the fast group and the other in the slow group. 

Occasionally it is of aid in obscure eases by suggesting a lead to follow 
in a new line of investigation. 

As a prognostic aid it is of slight help. A very rapid sedimentation rate 
does not by any means indicate a poor outlook for recovery; it indicates that 
toxic absorption and tissue destruction are progressing so rapidly that produc- 
tion of biochemical changes in the blood stream is taking place, and this causes 
the imbalance of the sanguineous elements. 

The leucocyte count or filament-nonfilament study in conjunction with the 
clinical picture is of much greater aid than the sedimentation rate. 

Thanks are due Dr. John A. Killian, Director of the Department of Biochemistry, and 
Dr. J. Carlind Browne, of the Medical Department, of the New York Post-Graduate Medical 
School and Hospital, for their kind cooperation. 
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LIPASE AND ESTERASE IN THE BLOOD SERUM* 


Their Diagnostic Value in Pancreatic Disease 


Mandred W . Comfort, M.D., and Arnold E. Osterberg, Ph.D., Rochester, 

Minn. 


VV7ITH the hope of finding a procedure of greater value than the existing 
» » tests in the diagnosis of pancreatic disease, an investigation of the lipase 
activity of the blood serum was begun one and a half years ago. Rona and 
Pavlovic, using a stalagmometric method with tributyrin as a substrate, found 
that serum lipase is inactivated by both quinine and atoxyl, whereas atoxyl in- 
activates hepatic lipase, and quinine inactivates pancreatic lipase. Methods 
based on this work had been promising, but had not given uniform results in 
the hands of various workers and were discarded in favor of one based on the ex- 
periments of Cherry and Crandall. These authors demonstrated that an enzyme 
capable of hydrolyzing olive oil, normally not present, appeared in the blood 
stream following ligation of the pancreatic ducts of dogs, and that the activity 
of the enzyme, esterase, normally present in the blood, as measured by hydrolysis 
of ethyl butyrate or tributyrin, did not show uniform increases. This dem- 
onsti at ion indicated that the appearance of an enzyme capable of splitting olive 

•From the Mayo Clinic. 

Submitted for publication. May 5 , 1931 . 
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oil in the serum was specific for pancreatic injury, and seemed to offer more 
logical grounds for the development of a simple, quantitative test. 

With these data in mind, the serum of 162 patients has been examined to 
date, to determine if enzymes capable of splitting olive oil and simple esters 
are normally present in the serum of man, if the increase of serum lipase activity 
is specific for pancreatic injury, and if the determination of their activity may 
be used clinically in the diagnosis of pancreatic disease. Our results encouraged 
the offering of this preliminary report. 

METHODS 

The serum was obtained from a fasting patient. A modification of the 
Loevenliart method, used by Cherry and Crandall, with a slightly different buf- 
fer solution, was employed. To 1 e.e. of serum were added 3 c.c. of distilled 
water, 1 c.c. of absolute ethyl butyrate, and 0.5 c.e. of Sorensen’s phosphate 
buffer adjusted to the pH of 7. After shaking thoroughly, the mixture was al- 
lowed to stand in the incubator at 40° C. for twenty-four hours, and then was 
titrated with twentieth normal sodium hydroxide, using 3 drops of 1 per cent 
phenolphthalein as an indicator, and bringing the solution to the faintest per- 
manent pink. The same method was used in testing the action of lipase, except 
that 2 c.e. of a 50 per cent emulsion of olive oil in water, emulsified with 5 per 
cent acacia (prepared by the Abbott Laboratories) was used, and 0.3 c.c. of 95 
per cent alcohol was added to each tube before titrating. 

RESULTS. 

Esterase . — An enzyme capable of splitting simple esters (esterase) was 
present constantly in the serum of 162 patients. The fluctuations in its activity 
bore no constant relation to the condition of the pancreas, and were never 
marked. 

Lipase . — An enzyme capable of splitting olive oil (lipase) was present in 
the serum of 15S of the 162 patients. 

The values for lipase activity of patients without known pancreatic disease 
and of others with known pancreatic disease were studied. In 130 patients with- 
out known disease of the pancreas, the range of lipase varied between 0 and 
6.4 c.c. twentieth normal sodium hydroxide (per 1 c.c. of serum). In 119 
patients, or 92 per cent of the 130, these lipase values fell below 2 c.c., and in 
11, or 8 per cent, the values were 2 c.c. or higher. On the other hand, in 32 pa- 
tients with pancreatic disease, demonstrated at operation or at necropsy, the 
range of serum lipase activity varied between 0.4 and 10.2 c.c. of twentieth 
normal sodium hydroxide (per 1 c.c. of serum). In 19, or only 59 per cent, 
was the lipase activity less than 2 c.e., and in 13, or 41 per cent, the value was 
2 c.c. or more (Table I). 

The contrast in percentages indicates a relationship between pancreatic 
disease and serum lipase activity higher than 2 c.c. (for each 1 c.c. of serum). 

If the 24 cases in which there was a lipase activity of 2 c.e. or more, in 
terms of twentieth normal sodium hydroxide (for 1 c.e. of serum), be critically 
examined for evidence of pancreatitis, activity of such values appears .significant 
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DIAGNOSIS 

LIPASE IX TERMS op o.c. N/20 NaOII i 
l’ER 1 O.C. OF SERUM 1 

CASES 

1.9 C.C. OR LESS I 

2 C.C. OK MORE | 

CASES 

PER CENT 

CASES 

PER CENT 

No organic disease of the liver, biliary 
tract, or pancreas 

54 

95 

3 

5 

57 

Hepatic disease 

Portal cirrhosis (7 cases) 

Toxic cirrhosis (S cases) 

Metastatic carcinoma of liver (4 cases) 

IS 

95 

1 

5 

19 

Traumatic or malignant stricture of tlio 
common bile duct 

13 

95 

1 

1 

7 

14 

Cholecystic disease 

7 

100 

0 

0 

7 

Miscellaneous 

6 

S6 

mm 

14 

7 

Disease of the common bile duet (without 
operative discovery of pancreatic dis- 
ease) 

21 

SI 

m 

19 

26 

Total without known pancreatic disease 

119 

92 

ES 

8 

130 

Pancreatitis, operative finding 

11 

55 

9 

45 

20 

Carcinoma of head of pancreas 

s 

66 

4 

33 

12 

Total with known pancreatic disease 

19 

59 

13 

41 

32 

Total 

| 13S 1 S5 

24 

15 

162 


in the diagnosis of pancreatic disease (Table I). Pancreatitis was present in 9 
cases, carcinoma of the head of the pancreas in 3 cases, and carcinoma of the 
ampulla of Vater in one case. In other words, in 13 or 54 per cent of those cases 
with lipase activity higher than 2 c.c. (for 1 c.c. of serum), pancreatic disease 
was known to be present (Table I). The explanation of the increased lipase 
values in the remaining 11 cases (if they are increased and not high normal 
values) must be sought in disease of the pancreas, intestinal mucosa, liver, or 
spleen, since Cherry and Crandall have shown that an enzyme capable of 
splitting olive oil is present in appreciable amounts only in the tissues of these 
organs. Splenic disease does not occur in these cases. In two cases there was 
injury caused by obstructive jaundice from carcinoma of the gallbladder, and 
of toxic hepatitis associated with lobar pneumonia. Hepatic injury might be 
advanced in explanation of the lipase values. However, this is unlikely* since 
in thirty-eight other patients with hepatic injury, in many instances much more 
severe, due to portal and toxic cirrhosis, metastatic carcinoma, obstructive 
jaundice secondary to benign traumatic stricture, and carcinoma of the -all- 
bladder and ducts, the lipase value was below 2 c.c. (Table I) In f ae t it seems 
as reasonable to suppose that the late postoperative rise in serum lipase values 
«f the patient with carcinoma of the gallbladder was due to pancreatitis which 
had followed introduction of infection into the biliary passages, and that the 
high lipaso values of the patient ™tl, lobar pneumonia and toxic hepatitis were 
due to associated toxic pancreatitis. In the five cases of stone in the common 
bile duet m which there were symptoms of cholangeitis, pancreatitis is 

ir ^ 

the stomach, malfunctioning gastroenteric stoma, and perito, fit's)' TtWh 
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hepatic injury is hardly a probability, some destruction of intestinal mucosa may 
have taken place. Although these data do not prove conclusively that an ele- 
vated serum lipase value is specific for pancreatic disease, they do show that 
pancreatic disease accounts for the rise to more than 2 c.c. in serum lipase values 
in more than 50 per cent of cases in which the value is thus elevated and 
probably for a much larger percentage. If combined with symptoms of biliary 
stone or infection, or suggestive of pancreatitis, the finding of lipase activity 
higher than 2 c.e. was strong confirmatory evidence of pancreatic disease. 

If the twelve cases in which the lipase value was 3 c.c. or more are studied 
in the same way, nine patients, or 75 per cent, are known to have pancreatitis 
and three, or 25 per cent, may be assumed to have pancreatitis. The reasons for 
postulating pancreatitis in the eases of carcinoma of the gallbladder, toxic 
hepatitis due to pneumonia, and peritonitis as the cause of the lipase activity, 
have been given. In other words, pancreatitis is the most likely explanation in 
all twelve eases in which the lipase values are high. On further study, a read- 
ing of 3 c.c. or more may prove to be almost certain evidence of pancreatic 
disease. 

Carcinoma of the ampulla of Vater and of the head of the pancreas, and 
acute pancreatitis, are the two diseases of the pancreas so far associated with 
increased activity of serum lipase. The increase seems to follow both inflam- 
mation of the gland and obstruction of the ducts. In 43 per cent of the cases 
of carcinoma of the head of the pancreas in which examinations have been made 
so far, the scrum lipase readings were higher than 2 c.c. Such a percentage may 
be greater than might be expected theoretically. Baldwin has shown that the 
main and accessory pancreatic ducts anastomose at about the level of the neck 
of the gland, and that both empty separately into the duodenum in more than 
80 per cent of cases. When the ducts are so arranged, the tumor, if in the head 
of the gland, must occlude both ducts in order that obstruction may occur. Tu- 
mors of the neck or body of the gland may produce obstruction by occluding 
the main pancreatic duct before the accessory and main pancreatic duets an- 
astomose. When the duodenal opening of the accessory pancreatic duct is not 
patent, involvement of the main duct alone should lead to obstruction. The in- 
fluence of the last-mentioned anatomic arrangement of the ducts, as well as the 
elevation of serum lipase activity which follows obstruction, are well illustrated 
in the following case : 

REPORT OF CASES 

Case 1. — A married woman, aged forty-eight years, registered at the Mayo Clinic, 
Sept. 9, 1933, complaining of abdominal pain, jaundice, and loss of weight. In February, 
1932, she had had diffuse, cramping pain in the abdomen that had lasted a few hours; this 
had been followed by a slight eliill, the development of jaundice, and passage of clay-colored 
stools and dark urine. These symptoms had cleared within four days; two weeks later a 
similar episode had occurred. In October, 1932, four severe abdominal cramps, each lasting 
a half day, had occurred. These had been followed by severe chills, fever, and jaundice. The 
jaundice had fluctuated, but had remained until the end of December, 1932. During this time 
the stools had varied from black to clay color, and the patient had lost considerable weight 
and strength. Severe pruritus also had been noted. 



COMFORT-OSTERBEHG : 


LIPASE AND ESTERASE IN BLOOD SERUM 


275 


The patient was emaciated and markedly jaundiced. The abdomen was moderately 
distended. Besistanee to palpation in the right upper quadrant of the abdomen, and ques- 
tionable ascites, were noted. The temperature was 103° F. and the pulse rate 120 beats per 
minute. The temperature fluctuated irregularly, varying from 99° to 103° F. Urinalysis 
repeatedly gave negative results, except for the presence of bile and occasional granular 
casts and pus cells. Serologic tests for syphilis gave negative results. The concentration 
of hemoglobin was 48 per cent (Dare); erythrocytes numbered 2,600,000, and leucocytes 
17,800 per cubic millimeter of blood. Of the leucocytes 92.5 per cent were polymorphonu- 
clears. The concentration of blood sugar was 83 mg. for each 100 c.c. of blood. Determina- 
tions of serum bilirubin and serum lipase may be noted in Fig. 1. The stools repeatedly 
gave negative results for bile, and intermittently gave positive results for blood. The test 



Fig 1 . 1. — (Case 1.) The increased concentration of scrum bilirubin and the serum lipase 
activity in obstruction of the pancreatic and common bile ducts caused by carcinoma of the 
ampulla of Vater. The esterase activity is not increased. 



Fig. 2. — (Case 1.) Specimen obtained at necropsy; dilatation 
pancreatic ducts secondary to obstruction by carcinoma of the 


of the main and 
ampulla of Vater 


accessory 
may be 


for galactose tolerance was negative. The diagnosis was stone in the common bile duct, ob- 
structive jaundice, and cholangeitis. 

After the patient had been given solution of glucose and of calcium chloride intra- 
venously, and a transfusion of blood, operation was performed September 22. Approximately 
806 to 1,000 c.c. of turbid fluid escaped when the abdomen was opened. The liver contained 
multiple small carcinomatous masses. The gallbladder was distended, but its walls were 
normal in color and thickness. An indurated mass, approximately 5 cm. in diameter at the 
head of the pancreas was found; this seemed to be carcinoma. The wound was closed after 
exploration The postoperative course was not at all satisfactory, and the patient died on 
the sixth day after operation. The concentrations of serum bilirubin and serum lipase re- 
mained at a constant level following operation. 
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At necropsy the liver was somewhat enlarged, weighed 3,700 gm., and contained multiple 
carcinomatous masses. The gallbladder was dilated and contained approximately twenty 
stones; its walls appeared normal. The intrahepatic and extrahepatic bile ducts were markedly 
dilated; four small stones were found in the common bile duct, but were not large enough to 
obstruct the dilated duct. The pancreatic ducts were likewise dilated (Fig. 2), and the ac- 
cessory' duct ended in a blind pouch behind the common bile duct. The orifice of the ampulla 
was almost completely occluded by a polypoid mass measuring 1.5 by 1 by 1 cm. in diameter, 
which on microscopic examination proved to he a carcinoma. Metastasis had involved the 
regional lymph nodes. Microscopic examination of the pancreas revealed no evidence of 
infection. 

Comment . — The obstruction and marked dilatation of the pancreatic duct 
(Pig. 2) was possible only because the accessory duct ended in a blind pouch 
and did not open into the duodenum. In dogs, complete obstruction is followed 
by prompt initial rise and subsequent disappearance of lipase from the scrum. 
A secondary rise may occur. Since complete obstruction is not associated ex- 
perimentally with prolonged elevation of the lipase values, the incomplete- 
jiess of the obstruction probably accounts for the continued secretion and ab- 
sorption of the pancreatic juice, and for the duration of the increased values in 
the blood stream. 

Although little evidence of cholangeitis was found at necropsy, eholangeitis, 
as well as stones in the common bile duet, may possibly have played some part 
in causing the symptoms. Although clinically the picture simulated closely that 
of stone in the' common bile duct, obstructive jaundice, and cholangeitis, the 
widespread metastasis that arose from a small carcinoma of the ampulla of Vater 
is indisputable evidence that the carcinoma had been present much longer than 
the last episode of jaundice, which had persisted for three months. 

In 45 per cent of the eases of pancreatitis, in which the condition had been 
found at operation or at necropsy, the lipase values were higher than 2 c.c. of 
sodium hydroxide (per 1 c.c. of serum). In no instance was chronic disease 
associated with serum lipase values higher than 2 c.c. of serum. In only one 
instance did acute disease of the pancreas fail to produce activity higher than 
2 c.c. In this case the disease was of a fulminating type, with almost complete 
destruction of the organ. Destruction of the finer blood and lymph vessels 
may have prevented absorption, and may explain the values obtained in this 
case. The elevation of the lipase values in association with degrees of pan- 
creatitis not quite great enough to be more than suspected clinically, as in 
Case 2, is a more important observation. 

Case 2. — A married woman, aged thirty-five years, registered at the clinic Nov. 9, 1933, 
complaining of attacks of abdominal pain and jaundice. In the last six years she had had 
recurrent attacks of colicky pain in the epigastrium, that had extended to the back, had lasted 
two or three days, and had occurred three or four times yearly. Between attacks there had 
been intolerance to cabbage, beans, and greasy food, with considerable gaseous dyspepsia and 
nausea. In the last two months the attacks had been more frequent and severe. October 24, 
a sudden, severe epigastric pain had occurred, which had extended to the right shoulder, had 
recurred for hours, had required morphine for relief, and had been associated with soreness 
in the right upper quadrant of the abdomen. October 2S, . jaundice had appeared, the stools 
had become dark and. the urine light, and generalized pruritus had developed. Occasional, 
colicky pains had recurred, and the jaundice had fluctuated in degree. 



COMFOKT-OSTKilUKKO : 


IjU’ASB AND ESTERASE IK Hf.OOD SEItUM 


277 


At examination tho jaundice was nwrkcd. TcmlonwHH deep in tho right ni»i>or quadrant 
could bo elicited by pressure. A mass near the median lino, thought to bo tho distended 
gallbladder, could be felt. Urinalysis repeatedly gave negative results, except for bile and 
granular casts. Examination of the blood and serologic tests for syphilis gave negative 
results. Novenibor 111, another colic occurred, followed by elevation of temperature to 
101 ° ye, and inereaso in tho concentration of bilirubin from 10.il to 16,2 mg. per 100 c.c. ot 
serum, 'l'lio lipaso value was 10.2 e.c. (Fig. 3). Tho diagnosis was chronic, subacute 
cholecystitis with stones, stone in the common bile duct, obstructive jaundice, and pun* 
crcatitis. 

Exploration, carried out two days later, revealed that tho gallbladder was subaeutely 
inflamed; its walls were thickened and edematous. Threo stones, varying in size from 2.5 cm. 
to a cm., wero removed from it. The head of tho pancreas was enlarged and brawny, with 
diffuse inflammation of marked subacute pancreatitis. Tho common bilo duct was opened 
and examined but no stones wero found; in its walls was tho sumo degree of inflammation 
as in the gallbladder. Whitish, pusliko material was present in tho bilo. Tho scoop was 
passed into tho duodenum easily. A T-tube was placed in tho common bilo duct. Tho liver 
had changed to almost greenish brown, and its lobules stood oat as punctate spotH. 



S.— (Cu.su 2.) The Increased concentration of bilirubin and the serum lipase activity 
in cliolangcltls, hepatitis, and pancreatitis. Tho scrum lipase activity at Its maximal during 
fill . I lmln, chill, and fever, declined In a manner parallel to tlio concentration of serum 
bilirubin with the subsidence of the acuteness of tlie process. Tho cstcraso activity is not 
increiiHcu. 


The postoperative course was satisfactory, with tho exception of an elevation of tempera- 
turo on the twelfth and thirteenth days. 

Commenl.—'l'lui rise in the lipase values following the attack of' obstruc- 
tion of the common bile duet and pancreatitis, as well as the fall in lipase 
values postoperativeiy (Fig. 3), well illustrate the inllucnee of an acute process 
and its subsequent resolution on the serum lipase activity. The clinical symp- 
toms did not point to pancreatitis. The preoperative diagnosis of pancreatitis 
depended entirely on the high activity of lipase in the scrum. It is possible 
that the greatest sphere of usefulness ot this lipase test of pancreatic function 
will be found in such eases, and in those in which mild attacks of epigastric 
distress occur without definite clinical, roentgenologic, or other laboratory evi- 
dence of cholecystic or pancreatic disease. 

In neither ot these two eases in which disturbance of the enzymatic function 
took place was there alteration in the islands of Langcrhans sufficient to pro- 
duce glycosuria or hyperglycemia, fn only two cases of pancreatitis in the 
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series did such glycosuria appear. The lipase activity of the serum promises to 
be a more sensitive index of pancreatic dysfunction than glycosuria or hyper- 
glycemia. 

SUMMARY AND CONCLUSIONS 

Au enzyme capable of splitting simple esters (esterase) is normally present 
in the blood serum, but its activity bears no consistent relationship to any dis- 
ease so far observed by us. An enzyme capable of splitting olive oil (lipase) 
usually is present in the serum of man. In SO per cent of the cases the lipase 
activity in terms of twentieth normal sodium hydroxide is less than 2 c.c. (per 

1 c.c. of serum). Although a greater number of patients without disease must 
be examined before a final statement can be made regarding the range of normal 
value for lipase activity, it appears that the upper limit is in the region of 

2 e.c. (per 1 c.c. of serum). The activity of serum lipase was higher than 2 c.c. 
of twentieth normal sodium hydroxide (per 1 c.c. of serum) in 45 per cent of 
the cases of pancreatitis, and in 33 per cent of the cases of carcinoma of the 
head of the pancreas and of the ampulla of Vater. Such values were due to 
acute or subacute pancreatitis rather than to chronic pancreatitis, or to obstruc- 
tion to the outflow of the pancreatic juice, due to carcinoma of the head of the 
pancreas. Lipase activity higher than 2 c.e. (per 1 e.c. of scrum) was also en- 
countered in eleven (6 per cent of the 162 patients) who had duodenitis, in- 
operable carcinoma of the stomach, carcinoma of the gallbladder, toxic hepatitis 
secondary to lobar pneumonia, or stone in the common bile duct with cholangeitis 
or peritonitis. It has been pointed out, however, that high values may not 
primarily be related to such diseases, but to associated pancreatic disease. Al- 
though further experience with increased serum lipase activity as a test of 
disturbed function of the pancreas is needed to establish the specificity of its 
relationship to that organ, the test appears at present to be good evidence of dis- 
turbed pancreatic function, especially when associated with the signs and symp- 
toms of cholecystitis, cholcdoeholithiasis, cholangeitis, and pancreatitis. 
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THE PROGNOSIS OF CORONARY THROMBOSIS BASED ON THE 
NONPROTEIN NITROGEN IN THE BLOOD*’ 


Charles LeRoy Steinberg, M.D., Rochester, N. Y. 


N ELLIS FOSTER 1 reported eight eases of heart disease in which the non- 
protein nitrogen was elevated. Four cases of this group came to autopsy, 
and none showed evidence of nephritis. He suggested that an increase in the 
nonprotein nitrogen may be a resultant of purely circulatory disturbances. The 
cases reported by Foster and their respective filtrate nitrogen values are tabu- 
lated below. 


ANATOMIC DIAGNOSIS 

(1) Cardiac, valvular 

(2) Cardiac, mitral stenosis 

(3) Cardiac, aortic insufficiency 

(4) Cardiac, aortic insufficiency 

(5) Cardiac, mitral stenosis (cerebral emb.) 

(6) Cardiac, mitral and tricuspid 

(7) Cardiac, mitral and tricuspid 

(8) Cardiac, aortic 


NONPROTEIN NITROGEN 

40 mg. 

59 mg. 

61 mg. 

47 mg. 

53 mg. 

73 mg. and 85 mg. 
90 mg. 

43 mg. 


He opined, ‘ ‘ if these results can be confirmed by other students of these diseases 
the fact involved is important as indicating the part played by the circulation 
in a picture already recognized as composite.” 

In 1933 the author 2 reported sixteen cases of coronary thrombosis in which 
particular attention was paid to the nonprotein nitrogen. Ten of these reported 
cases showed a filtrate nitrogen of 40 mg. per 100 e.c. of blood or more. None 
of these eases showed evidence of a marked nephritis. It was also shown that 
even a marked drop in blood pressure aud a diminution in urinary output were 
not sufficient in themselves to account for the nonprotein nitrogen rise in coro- 
nary thrombosis. During the past three years, the author has been able to 
collect thirty-one cases of heart disease due to coronary thrombosis in which 
particular attention has been paid to the nonprotein nitrogen value as regards 
its relationship to this interesting and more recently diagnosed heart disease. 

In Table I, the author attempts to show in cross sectional study the rela- 
tionship of nonprotein nitrogen, available kidney function test or urinalysis, 
and the time in which the coronary occlusion may have occurred. A cursory 
examination of this table will show that, whereas, in some eases the “pthalein” 
excretion and the nonprotein nitrogen value arc in harmony, in other cases there 
arc no such relationships. Still more important is the fact that the kidney shows 
ability to concentrate well in some cases in which the “pthalein” excretion is 
diminis hed. Sufficient cases are included in Table II to indicate that a drop 
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Table I* 


NAME 

AGE 

DATES OP AT- 
TACK 

OR attacks 

NONPIiOTEIN 
NITROGEN 
(MG. PER 

100 C.C.) 

KIDNEY 

FUNCTION 

TESTS 

URINE 

J.S. 

59 

9/28/33 

40—10/ 2/33 
31—10/ 5/33 
38—10/10/33 
27— 10/13/33 

tPSP— 65% 
10/4/33 

10/2/33 Sp. G. 1020. 
Neg. alb. Occ. gran- 
ular east. 

10/10/33 Sp. G. 1030. 
Occ. R.B.C. 

M.B. 

43 

Minor anginal at- 
tacks for 2 yr. 
Typical attack 
10/16/33 

42— 10/1S/33 
23—10/24/33 
40—11/ 9/33 
34— 1/13/34 

34— 1/20/34 

35— 2/ 2/34 

PSP — 15% 
11/21/33 

Urines neg. on many 
occasions. Sp. G. 

1030 on 11/19/33. 
l’r. alb. 

E.C.M. 

52 

Minor anginal at- 
tacks since Dec., 
1930 

44—12/ 3/31 
50— 3/12/32 
•IS— 3/14/32 
50— 3/21/32 
47— 6/ 7/32 

PSP— 52% 
12/7/31 
PSP— 65% 
3/19/32 
PSP— 30% 
6/16/32 
3/22/32 Sp. 
G. 1023 to 
1027 

10/7/31— Sp. G. 1022. 
Tr. alb.; occ. granu- 
lar and hyaline cast. 
3/13/32— Sp. G. 1023. 
Tr. alb. 

R.S. 

67 

Minor anginal at- 
tacks for past 4 
to 5 vr. Severe 
attack 10/17/33 

30—10/20/33 
41—10/23/33 
38— 10/26/33 
32—10/31/33 

PSP — 10% 
10/21/33 

10/17/33 negative. 
10/31/33 negative. 
11/11/33— Sp- G. 1020; 
tr. alb., occ. R.B.C. 
Rare hyaline cast. 

G.C. 

47 

Severe attack Jan., 
1932, and May 5, 
1933 

150— 9/12/33 

PSP— S0% 
2/22/30 

9/12/33— Sp. G. 1020; 
tr. alb. 

L.P. 

42 

Severe typical at- 
tack first and 
third weeks 

July, 1933 

40— 7/26/33 

30— S/12/33 

31— S/19/33 

PSP— 50% 
S/12/33 

7/26/33— Sp. G. 102S; 

3 R.B.C./HPF. Occ. 
epithelial and gran, 
cast. 

A.M. 

59 

First attack June, 
1930. Second 
attack Aug., 

1933 

33— 2/1S/34 
43— 2/20/34 
37— 2/23/34 

34— 2/27/34 
40— 3/ 2/34 
50— 3/ 6/34 
52— 3/13/34 

None 

3/14/34— Sp. G. 1017. 
Two-plus alb. Neg. 
niicroscopic. 

f.c. 

30 

First attack May, 
1930 ; several 
minor attacks 

Aug. to Oct., 1930 

33— 7/17/31 

34— 12/23/31 
33—12/28/31 

None 

7/17/31 negative 
10/25/31 negative 
12/24/31 negative 

5/ S/32 negative 

N.D. 

51 

Attack 5/22/33 

23— 5/29/33 
20— 6/ 5/33 
19— 6/16/33 

PSP— 42% 
6/22/33 

Negative on several oc- 
casions 

W.G. 

49 

Typical attacks 
6/14/33 and 
6/10/33 

21— 6/17/33 

32— 6/19/33 
35— 6/22/33 
30— 6/26/33 

33— 6/29/33 

PSP— 33% 
6/19/33 
PSP— 59% 
6/29/33 

6/1 S/33— Sp. G. 1020; 
Neg. except for few 
hyal. and gran, casts. 

J.M.D. 

65 

Attacks August, 

1933, and Aug- 
ust, 1933 

37— 8/22/33 
35— 8/26/33 
34— 8/29/33 

None 

S/25/33— Sp. G. 1023; 
40 to 50 R.B.C./HPF. 


*ThiS table includes all eases that were not reported in entirety or at all in the author’s 
preliminary report. 

tThis test in this paper denotes the two-hour intravenous method. 



Table I— Cost'd 


name 


DATES OP AT- 
TACK 

OB ATTACKS 


nonpkotein kidney 

NITROGEN FUNCTION 

(MG. TEB TESTS 

100 C.C.) 


CHINE 


m.m.m. 65 


M.M. 


51 


AY.T.C. 71 


W.G. 


Minor anginal at- 
tacks for three 
years ; severe 
attack 1/23/32 
Severe typical at- 
tack 2/6/32; 
minor anginal 
attacks since 


Typical attack 
•1/21/33 


21 — 1/25/32 None 


13 — 2/15/32 
39— 3/23/32 


11— 1/11/33 
G7 — 1/22/33 
31— 1/21/33 
36— 1/28/33 
28— 5/ 2/33 
28— 5/12/33 
21— 5/23/33 


PSP— 60% 
2/15/32; 
llosenthol 
2/21/32 
Sp. G. 
1010 to 
1025 

PSP— 35% 
1/26/33 
PSP— 70% 
5/5/33 


1/25/32— Sp. G. 1025; 
V. Ft. Tr. albumin 


2/11/32— Sp. G. 1012 
negative 


Frequent urinalyses 
negative 


C.B. 

58 Typical attack 
1/14/33 

39— 1/16/33 

34— 1/23/33 

35— 1/25/33 
32— 1/27/33 

200— 1/30/33 

PSP— 65% 
1/23/33 

1/2/33 — -Negative ex- 
cept for one-plus 
albumin 

Table II 

CASE 

BLOOD PRESSURE 
(DATES) 

NONPROTEIN Ajat 

NITROGEN 

OUTPUT 


J.M.D. 8/20/33 

140/100 


700 c.c. 

40 c.c. 

8/21/33 

120/ 80 


Not recorded 


8/22/33 

70/ GO 

37 

1,280 c.c. 

550 c.c. 

8/23/33 

100/ 70 


Not recorded 


8/24/33 

100/ 80 


1,640 c.c. 

1,200 c.c. 

8/26/33 

100/ 60 

35 

1,360 c.c. 

750 c.c. 

8/28/33 

Not obtained 


1,240 c.c. 

500 c.c. 

8/29/33 

Not obtained 


Incontinent 


8/30/33 

Not obtained 


Incontinent 



6/16/33 

6/17/33 

6/18/33 

6/19/33 

6/20/33 

6/21/33 

6/22/33 

6/23/33 

6/25/33 

6/28/33 

6/20/33 


100/1 


Suppression for 24 hr. 

94/ 80 

21 

1,460 e.e. 

1,200 c.c. 

100/ 80 


2,080 c.c. 

800 c.c. 

100/ 76 

32 

2,830 c.c. 

500 c.c. 

80/ 60 


1,440 c.c. 

1,000 c.c. 

94/ 70 


2,400 c.c. 

980 c.c. 

94/ 64 

35 

1,400 c.c. 

800 c.c. 

100/ 60 


2,440 c.c. 

1,100 c.c. 

100/ 70 

102/ 60 

30 (0/26) 

33 

1,640 c.c. 

850 c.c. 


(Aur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 
Regular rhythm 
Regular rhythm 
Begular rhythm 


(A.ur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 
(Aur. fibrillation) 


C.B. 1/14/33 140/ 90 
(9:00 A.M.) 
1/14/33 110/ 80 
(7:20 P.M.) 


1/15/33 

100/ 80 


2,490 c.c. ' 

500 

C.C. 


1/16/33 

88/ 65 

39 

2,950 c.c. 

400 

c.c. 

(Aur. fibrillation) 

1/19/33 

85/ 60 


1,100 c.c. 

650 

c.c. 

Normal rhythm 

1/26/33 

75/ 55 

35 

2,300 c.c. 

1,100 

c.c. 

(Quinidine) 

1/21/33 

85/ 60 


1,830 c.c. 

880 

c.c. 

1/23/33 

70/ 45 

34 

2,150 c.c. 

600 

c.c. 



This table indicates tiiat a drop in blood pressure and a diminution in urinary output 
may not influence thy filtrate nitrogen in acute coronary occlusion. Adson and Browns have 
found tiiat a drop in blood pressure iu essential hypertension may not influence the vital 
function of the kidneys. 
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in blood pressure and a diminution in urinary output may not increase the 
nonprotein nitrogen in coronary thrombosis. In the remaining three tables 
(Tables III, IV, and V), complete follow-up studies on the thirty-one cases are 
given. (The author wishes to apologize for repetition from his preliminary 
report, but this was necessary in order to give a more complete and vivid pic- 
ture of the value of repeated nonprotein nitrogen studies in this disease.) 

A careful review of the latter three tables reveals that a rise in the non- 
protein nitrogen value is very common in acute coronary occlusion, that an 
elevated value in the filtrate nitrogen (particularly if it remains elevated in 
serial studies) offers a very, very poor prognosis, and that a normal nonprotein 
nitrogen or one that recedes from a higher to a normal value is of better 
prognosis. Continued studies may not show such optimistic conclusions as to 
the prognostic value of repeated nonprotein nitrogen studies in this heart dis- 
ease, but this second paper should offer a stimulus for further study in this 
field. 

Electrocardiography. — Forty-one electrocardiographic tracings were made 
on twenty-eight cases of the total thirty-one. The following abnormalities were 
noted: (A) slurring or notching of the QRS complex in twenty-one tracings; 


Table III 


Tabular Study 

or Cases Showing a 

Noxprotein 

Blood 

Nitrogen Below 40 Ma. Per 100 e.c. 

case 

NONPROTEIN NITROGEN 



(MQ. PER 100 C.C.) 

outcome 

DATE (LAST CIIECK-UT) 

A.G. 

30— S/17/31 

Alive 

Dee. 26, 1933 

M.Mc. 

33— 9/10/31 

Alive 

Dec. 20, 1933 

A.P. 

34—12/10/31 

Alive 

Dec. 20, 1933 

F.C. 

33— 7/17/31 

34— 12/23/31 
33—12/28/31 

Alive 

Dec., 1933 

N.D. 

23— 5/29/33 
20— 0/ 5/33 
19— 6/16/33 

Alive 

Dec. 20, 1933 

W.G. 

21— 6/17/33 

32— 6/19/33 
35— 6/22/33 
30— 6/26/33 

33— 6/29/33 

Alive 

Nov., 1933 

M.M.M. 

24— 1/25/32 

Died 

July, 1932 (lived for 6 mo 
after occlusion) 

S.L. 

32— 1/26/31 

Died 

1/27/31 

J.M.D. 

37— 8/22/33 
35— 8/26/33 
34— 8/29/33 

Died 

Aug. 30, 1933 

G.H. 

37— 4/17/31 

Died 

April 25, 1931 

C.B. 

34— 1/ 8/34 
31— 1/13/34 
30— 1/16/34 
38— 1/19/34 
33— 1/26/34 
30— 1/30/34 
33— 2/ 2/34 
33— 2/ 6/34 

Alive 

Feb. 12, 1934 



STElNliMu: : 


COHONAHY TlIKOMBOSISi 


'J8:5 


Table IV 

Tabular Study op Cases Showing an Elevated Nonpiiotein Ni-iudgen 


CASE 

NONPROTEIN NITROGEN 
(MG. PER 100 C.C.) 

OUTCOME 

DATE 

J.B. 

18 — 3/28/32 

Died 

May, 1032 

S.A. 

40— 1/ 2/31 

Died 

Deb. G, 1931 

C.P. 

71— 8/ 3/31 

95— 8/ 7/31 
133— 8/10/31 
185— 8/11/31 
215— 8/14/31 

Died 

Aug. 14, 1931 

J.T. 

42—11/24/31 

Died 

Soon after ieavi 
spring, 1931 

B.W. 

41— 3/ 6/32 

40— 3/ 9/32 
142— 3/28/32 

Died 

4/1/32 

A.M.B. 

60— 4/30/32 

47— 5/ 3/32 

40— 5/10/32 

54— 0/10/32 

Died 

July, 1932 

L.M. 

40— 8/ 9/32 

Died 

Aug. 14, 1932 

C.B. 

39— 1/16/33 

35— 1/20/33 

34— 1/23/33 

35— 1/25/33 
32— 1/27/33 

200— 1/30/33 

Died 

Jan. 30, 1933 

E.C.M. 

44—12/ 3/31 
50— 3/12/32 
48— 3/14/32 
50— 3/21/32 
47— 0/ 7/32 

Died 

June 22, 1932 

G.C. 

150— 9/12/33 

Died 

Sept. 14, 1933 

Jt.JI. 

43— 2/15/32 
39— 3/23/32 

Died 

Spring, 1932 

A.M. 

33— 2/18/34 
43— 2/20/34 
37— 2/23/34 

34— 2/27/34 
40— 3/ 2/34 
50— 3/ 6/34 
52— 3/13/34 

Condition 

serious date of w; 


(B) ventricular premature eon tractions in six tracings; (C) auricular pre- 
mature contractions in one case; (D) auricular fibrillation in seven tracings; 
(E) high take-off of the T-wave in three tracings; (F) an inverted T-wave in 
Lead I or II (or both) in thirteen tracings; (6) an upper convexity of the 
ST -interval in six tracings; (H) a deep Q 3 in five tracings; (I) left ventricular 
preponderance in eighteen tracings; (J) right ventricular preponderance in 
one case; (K) a delayed auricular-ventricular conduction time in one case; 
(L) and nodal rhythm in one case. In other words, there was evidence of 
coronary disease in twelve of the forty-one tracings. The history of viselike 
or crushing pain in the region of the precordium radiating down the left arm 
or up the left side of the neck plus a drop in blood pressure seems to be most 
common diagnostic criterion of coronary thrombosis. Only occasionally is the 
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'i'AUI.K V 


Tabular 

Study or Cases Showing a 

ItEUBKSSIOX or 

XONI’ltOTEIX NlTKOOE.V 

CASE 

X ON PROTEIN NITROGEN 
(MG. PER 100 C.C.) 

outcome 

DATE (LAST CIIECK-IT) 

P.D. 

75 — 2/2S/31 

30 — 3/16/31 

Alice 

Dee. 20, 1933 

II.DeW. 

110—11/27/31 

12— 11/30/31 
38—12/ 4/31 

Alive 

Oct., 1933 

S.S. 

2!> — 10/1S/32 
45—11/ 5/32 
27—11/14/32 

Alive 

Dee., 1933 

J.S. 

40—10/ 2/33 
31—10/ 5/33 
:is— 10/10/33 
27—10/13/33 

Alive 

Jan. 1, 3934 

Tt.S. 

36—10/20/33 

41—10/23/33 

3S— 10/26/33 
32—10/31/33 
35—11/ 3/33 
32—11/ 8/33 

Alive 

Jan. 21, 1934 

L.P 

40— 7/26/33 

30— S/12/33 

31 — S/19/33 

Alive 

Sept. 5, 1933 

AV.T.C. 

44— 4/11/33 

67— 4/22/33 

34— 4/24/33 

34— 4/26/33 

36— 4/2S/33 

2S — 5/ 2/33 

27— 5/ 5/33 

2S — 3/12/33 

24— 5/16/33 

24— 5/23/33 

Alive 

Dee., 1933 

Jl.B. 

42—10/18/33 
23—10/24/33 
40—11/ 9/33 
39—11/15/33 

39— 1/ S/34 

34— 1/13/34 

34— 1/16/34 

34 — 1/19/34 

34— 1/26/34 

35— 2/ 2/34 

Alive 

Feb. 12, 1934 


electrocardiogram of value in the definite diagnosis of coronary thrombosis. 
At no time is it an emergency diagnostic procedure. 

Serology . — The complement fixation test was negative in twenty-eight cases. 
The Kahn precipitation test was negative in the same twenty-eight patients. 
The serology was positive in the remaining three eases. The total percentage 
of syphilitic cases in this group was, therefore, 9.6 per cent. Syphilis, meaning 
positive Wassermann reactions, was noted in 4.5 per cent of Levine and Brown’s 
cases, 3 and in 14 per cent of Conner and Holt’s eases. 4 YVarthiir' believed that 
syphilis was a predisposing factor to coronary disease. 

Comment . — Nellis Poster was probably the first observer to note that uremia 
might be associated with circulatory disturbances, and that the uremia may 
occur in such cases without nephritis. In his cases, he did not include coronary 
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occlusion. The author probably was the first observer to note that a high 
nonprotein nitrogen in the blood is very often associated with coronary throm- 
bosis. In fact, a filtrate nitrogen value of 40 mg. or above was noted in twenty 
of the thirty-one cases reported in this paper. 

SUMMARY 

Thirty-one cases of heart, disease due to coronary thrombosis are presented. 
The clinical history in all these cases was typical. No atypical eases are in- 
cluded in this study. (1) Uremia seems to be a common finding in coronary 
thrombosis. (2) Sexual studies of the nonprotein nitrogen in the blood may offer 
an aid in prognosis. (3) A filtrate nitrogen that remains high or continues to 
rise is of ill omen, whereas, a lower nonprotein nitrogen or one that recedes 
is of much better prognosis. (4) Further studies in this interesting field are 
indicated. 

The author wishes to express his gratitude to Dr. David A. Haller, Chief of the Medical 
Service, who has made this study possible. He thanks Dr. M. E. Missal for the complete 
reeord of case G. C. 
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LABORATORY METHODS 


A MODIFIED TECHNIC FOR STERNAL PUNCTURE AND ITS VALUE 
IN HEMATOLOGIC DIAGNOSIS* 


Carl Reich, A.B., M.D., New York, N. Y. 


| HIE bone marrow is the largest organ in the body and comprises 4.6 per cent 
of the body weight. 1 It is the site of production of the erythrocytes, leuco- 
cytes, and platelets, and the cellular content of the peripheral blood reileets the 
changes going on in the parent tissue. In the past the study of blood dyserasias 
was aided by sternal biopsy with the trephine. This procedure has to be done 
in the operating room, however, and is sometimes quite an ordeal for a sick 
patient. In addition, it cannot be repeated at frequent intervals, as is the case 
with sternal puncture. 

Arinkin- was the first to use sternal puncture to determine the cellular 
composition of the marrow. Shortly after, Arjcff 3 devised a special needle to 
facilitate this technic. A detailed description of our method follows : 

The site selected for puncture is in the middle of the sternum just below' 
the juncture of the body with the second rib. A small spot 1 cm. in diameter 
is painted with iodine. The skin over this point is infiltrated with 1 per ceut 



Frgr. 1. 


novocaine, and the novocain© is then injected straight down to the sternum and 
the periosteum is infiltrated. This step is important to make the puncture pain- 
less. The marrow needle is similar in construction to that of Ar jcff, except that 
its bore is 10 gauge and the guard can be lowered to within 0.2 cm. of the tip to 
make it available for children also. For adults the guard is set at 1 cm. from 
the point of the needle. To make the puncture, the sterile needle is pushed 
vertically through the spot prepared as above until it reaches the periosteum. 
If the outer plate of the sternum is not too thick, the needle can be pushed 
through by hand. If the resistance is too great a few gentle taps with a small 
mallet will suffice to drive the needle into the spong 3 r bone. The stylet is re- 
moved and a sterile 20 c.c. record transfusion syringe is attached and suction 
applied. If the needle is deep enough bloody fluid will appear in the syringe. 
If not, the stylet is replaced, the guard raised a few turns, and the needle is 
driven in until blood can be sucked out. About 10 c.c. of the bloody fluid is 

•From the Lenox Hill Hospital, and City Hospital. 

Received for publication. February 24, 1934. 
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aspirated and mixed in a 15 c.c. centrifuge tube with 2 e.e. of a 1.4 per cent 
sodium oxalate solution. This has been shown to be an isotonic anticoagulant 
which does not change the volume of the cells. 1 The mixture is now centrifuged 
about five minutes at moderate speed. The supernatant plasma is removed, using 
a capillary pipette with a rubber nipple attached. By carefully manipulating 
the same pipette, the huffy coat is removed and transferred to a tube made by 
sealing off one end of a short piece of glass tubing of slightly larger diameter 
than the pipette. This is again centrifuged for five minutes and after the plasma 
is removed the buffy coat is. pipetted off and smears are made on slides and 
stained as follows: Jenner stain, three minutes; distilled water, three minutes; 
decant; flood with. dilute Giemsa, 1 drop to 1 e.e., thirty minutes; wash and dry. 
A differential count of 1,000 cells is then made. 

The aforementioned authors 2 ’ 3 made their smears directly from the aspirated 
sternal contents and a count of 1,000 cells was extremely tedious. The technic 
of concentrating the cells, as described here, has already been found of value 
in studying the peripheral blood. 5 Without distorting the cells, or interfering 
with their staining properties, this method permits a rapid survey of the sternal 
contents with an easy count of 1,000 cells. The normal differential count is ap- 
proximately as follows : 


Polymorphonuclear neutrophiles (mature) 25% 

Polymorphonuclear neutropliiles (young forms) 5% 

Polymorphonuclear ncutrophiles (band forms) 10% 

Lymphocytes 10% 

Monocytes 1% 

Eosinophiles 1% 

Myeloblasts 2% 

Premyelocytes and myelocytes 20% 

Erythroblasts 23% 

Proerythroblasts 2% 

Plasma cells 1% 


A few actual eases may be of value in illustrating the practical importance 
of this procedure: 

Case 1. — The patient was a white female, fifty-five years old. She was well up to three 
months before admission to the hospital, when she began to lose strength and complained of 
shortness of breath. On admission to the hospital, she looked acutely ill and had a tempera- 
ture of 101°. She was very pale, the spleen was moderately enlarged and petechial hemor- 
rhages were present in the mouth and over the skin. Her blood count was hemoglobin 40 
per cent, R.B.C. 2.5 mil., W.B.C. 128,000. Differential count, neutropliiles 2 per cent, lympho- 
cytes 8 per cent, myelocytes 1 per cent, myeloblasts ? 89 per cent. There was some doubt 
if these immature cells were myeloblasts. Marrow puncture showed erythroblasts 5 per cent, 
myeloblasts 95 per cent. The diagnosis was therefore definitely established as myeloblastie 
leucemia. 


Case 2.— The patient was a white female, seventy years old. For the past six months 
Bho had been losing strength aud had become markedly anemic. She had also lost her ap- 
petite and had no desire for food. The tongue was somewhat atrophic and the skin lemon 
yellow in eolor. Gastric analysis revealed no free HCI. The blood count was hemoglobin 
20 per cent, R.B.C. 1.0 mil., W.B.C. 9,800. Differential count, ncutrophiles 03 per cent, 
lymphocytes 20 per cent, monocytes 15 per cent, eosinophiles 1 per cent, basophiles 1 per cent. 
The differential diagnosis was between pernicious anemia and gastric malignancy. Owing 
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to her weakened condition G.I. series was deferred. Bone marrow revealed, neutrophile 
polys (mature) 36 per cent, neutrophile polys (young forms) 3 per cent, neutrophile polys 
(baud forms) 13 per cent, eosinopliiles 1 per cent, lymphocytes 22 per cent, myeloblasts 2 per 
cent, promyelocytes and myelocytes 20 per cent, erythroblusts 1 per cent, plasma, cells 2 per 
cent. A bone marrow showing only 1 per cent erythroblasts could not be that of a pernicious 
anemia. This fact was completely substantiated when x-ray revealed a carcinoma of the 
stomach. 

C'Ask 3. — The patient was a white female, forty years old. The history was of three 
weeks' duration and the patient complained of marked prostration and of a severe ulcera- 
tion of the mouth. The temperature was 100.6°. The blood count was hemoglobin SO per 
cent, B.B.C. 4.1 mil., W.B.O. 1,000. Differential count, neutrophiles 23 per cent, lymphocytes 
73 pier cent, monocytes 4 per cent. The diagnosis was agranulocytic angina with a pos- 
sibility' of a leueopenie lymphatic leucemia. Sternal puncture showed neutrophile polys 
(mature) 22 per cent, neutrophile polys (young) 6 per cent, neutrophile polys (band forms) 
16 per cent, lymphocytes 10 per eent, myeloblasts 2 per cent, myelocytes and premyelocytes 
21 per cent, erythroblasts 21 per cent, proerythroblasts 1 per cent, plasma cells 1 per cent. 
In this case a study of tlio marrow by' sternal puncture not only definitely ruled out a 
lymphatic leucemia, but showed that this was a ease of agranulocytosis with maturation ar- 
rest, rather than marrow aplasia. 

It is therefore seen that the above described method of sternal puncture 
is simple, readily adaptable for routine hospital use, and is of real value in 
getting additional information in the study of the blood dyscrasias. 
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COMMENTS AND PROCEDURE ON THICK BLOOD FILM TECHNIC* 


Joaquin Benavides, L. T., Panama, R. de P. 


T he advent of the thick-film method for the examination of dried blood 
films that combined lalciiig and staining in one step was a fine advance in 
laboratory diagnosis. Barber and Komp V' *• * modifications to improve the 
finality of the preparations and simplify the mechanical handling of the slides 
for mass rural survey work was another distinct advance in technic. This 
is an excellent time-saving method for community work and can be applied 
equally well to surveys of domestic and wild animals if confined to mammalian 
life. 2 - 3 The benefits derived from the relatively new method certainly invite 
a much wider use than at present prevails among field, clinical and research 
workers. : This is particularly true for those who are located in tropical 
regions. It permits the use of four or five times as much blood as can be 
made into a satisfactory thin film and reduces the searching time from about 
thirty minutes to three or five minutes. A vast number of large parasites' 
such as microfilaria, trypanosomes and even the large forms of malaria 
parasites are carried away by the instrument used in spreading a thin film. 
None of the blood taken by the thick-film method need be lost by the use of 
a spreading or stirring instrument. Cycles in the chronic stage of a disease 
can be more easily followed. It is even helpful in preliminary diagnostic work 
in revealing the presence of leueemia, leucopenia, leucocytosis, eosinopliilia 
and polyehromatophilia. The writer recently found a case of myelogenous 
leueemia during the course of a survey for malaria. This man had not been 
under treatment and was not aware that be had a condition that warranted 
attention. 

An experienced technician can examine with a fair degree of accuracy 
125 thick films in seven liours provided that the films are well prepared and 
do not exceed a half inch in diameter. The writer’s experience covers twelve 
years in the tropics and four years of that time have been very largely spent 
in thick, blood film work. This personal experience with the method is not 
given with the intention of matching it with others who may already employ 
the method but rather to stimulate fellow technicians in its use and to men- 
tion the latitude the technic permits in its application. 

Slides . — One should be sure that all slides fit the slide boxes. Frequently, 
they are too long or too short or even too thick. Very thin slides offer trouble 
with the use of the mechanical stage. We use green tinted slides rather than 
the colorless or clear slides. They are capable of longer use and stand clean- 
ing better. 


•From the Gorgns Memorial Laboratory. 
Received for publication, February 20. 1931. 



290 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


New slides should be cleaned and soaked in alcohol before use, and it is 
very necessary to have them perfectly dry and free of dust as well as finger- 
print grease. 

Used survey slides should have the cedar oil and stained blood fibn re- 
moved as far as possible by rubbing them with gauze moistened with xylol 
before they are immersed in a hot (not boiling) solution of a mild soap. The 
slides are then washed individually in running water and then immersed in 
70 per cent alcohol overnight. They should be dried with a clean gauze cloth 
and placed in the standard cardboard shipping boxes lined with gauze. Dust 
from the cardboard will collect on them after long travel in boats, cars, or on 
mules unless this measure is taken. 

Equipment . — The eciuipment required depends on whether it is intended 
for hospital or field work. None is needed for hospital work except that an 
extra slide should be taken on which to make the film. One large drop of 



Fi£- 1.— A view of the slid© box and its stand, the field case, the needle bottle and a block of 

slides with the identification tag. 

blood can be maneuvered into a circular spot about half an inch in diameter 
at one end of the slide. This must dry thoroughly without causing irregularity 
in the film margin else time is lost in examining the protrusions that form. 
The film must be at least a quarter of an inch away from the end of the slide 
to permit the mechanical stage to cover the entire film without interference 
from the objective. The only thing that fastens this film to the slide is 
thorough drying. The slide is stained standing on end to save staining solu- 
tion and prevent the collection of debris on the film. 

Field equipment must be assembled to meet the needs for the day. One 
must have some knowledge of how many people or animals are to be included 
in a survey in order to provide sufficient slides. In the case of people, squares 
of o-auze and a bottle of 70 per cent alcohol are needed to clean the skin of 
the^ear, finger, or toe from which blood is to be taken. A two-ounce bottle of 
alcohol' with a No. 5 Hagedorn needle inserted in the cork makes a good 
blood-laneet. Each time the cork is replaced the needle is submerged in 
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alcohol thus preparing it for the next person. One should dip the blood-lancet 
needle up to the cork in paraffin to prevent rusting if it is not in daily use. 
A wax pencil is required to number the slide on the end not occupied by the 
film. A lead pencil is wanted to record these numbers in a field book with the 
name, age, etc,, to follow. 

Slide boxes with a capacity of 25 slides are used and on these boxes are 
entered the village, school or organization with the first and last numbered 
slides. These boxes should be held tightly closed by an elastic band and kept 
standing in a vertical manner until the blood films are quite dry. To do this, 
while a slide box is being filled, I use a right-angled stand made of blocks 
two inches thick. The upright block is the same height and width of a slide 
box. Another block 4 inches long and the same thickness and width is nailed 
to the bottom of the upright piece. This makes the base that rests on the 
table or stand. The opened slide box is then strapped to the upright by an 
elastic band. This keeps the box level so the films can dry without running. 
On removing the slide box from this stand it is placed in the same vertical 
position in the carrying ease. 

Field Case . — The use of leather eases has been abandoned, since the field 
cases are subjected to all manner of transportation and to heavy rains. This 
laboratory uses a metal case 8 by 9 by 16 inches with a leather handle similar 
to that of a suitcase. This ease will hold all equipment needed for 400 people 
or animals. These eases are really carpenter’s tool kits made by the Kennedy 
Manufacturing Co. at Van Wert, Ohio, and Chicago, 111. They come with a 
tray but we discard it. These eases are very much less expensive than any 
made of other materials and they stand severe usage as well as being rain- 
proof. 

Animal Surveijs . — The only variation in field equipment for these surveys 
is the addition of a scissors to clip hair off the point of an ear, or to expose 
the tip of a tail in small animals. A scalpel is also added. This is drawn 
lightly across the point of the denuded ear and then by pressure drops of 
fairly clean blood can be removed by contacting the slide. Always wipe the 
scalpel with alcohol before use on the next animal and apply iodine to the ear 
wounds. In some animals like the sloth and bat, a toe nail or thumb nail must 
be cut off to secure blood. 

Source of Blood for Film . — There is some divergence of opinion as to the 
most suitable place from which to draw the blood. The writer, for field work 
prefers the lobe of the ear as being less sensitive, cleaner, out of sight of the 
patient and as having some degree of capillary stasis. Parasitized cells are 
believed to be more abundant in such a system of capillaries. When very 
young babies are to be included in a survey, it is better to use the ball of 
the great toe. Many use, as a routine measure, the skin near the base of a 
finger nail. The Daland’s blood-lancet is a very dissembling little instrument 
that does not necessarily require sterilization. It can easily be covered up 
with the same gauze used for cleansing the area to be punctured and the 
puncture is made with a firm quick stab without the patient knowing what 
moment it is to occur. This is an important point in the management of 
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nervous people. I have used this lancet on over 6,000 patients without the 
occurrence of local infection. Cure should always be taken to dry the skin 
and to clear the puncture of any aieohol since blood expressed through or 
over an alcohol wet surface will lix the cells, and they will not lake as 
thoroughly as they should. A dry skin allows discrete drops of blood to form 
at the site of the puncture, and these are sure to be cleaner than blood rubbed 
off the skin. The blood specimen is stirred or maneuvered into a circular 
spot about the size of a dime. It is then given its place in the slide box and 
dried thoroughly before the vertical position of the box is changed. The field 
notebook will receive the same number given the slide and identification data 
will be entered on the same line with the number. If care is taken to secure 
a large drop of blood, there will be no need to stir it into a spot the size of 
a dime, since it will spread to the proper size if given a level position. Some 
place the slides with the blood film upside down in the box and place the 
wax pencil number on the other side at the opposite end. I like the number 
and the film on the same side of the slide but, of course, at opposite ends. 
The blood film end of the slide should always occupy the same side of the 
slide box else it will be difficult to block the slides in 25 lots for the staining 
bath. Much time is saved and better results are obtained if sufficient blood 
has been spread in a uniform manner and in a discrete spot about half an 
inch in diameter. Search the entire film, do not depend on the thickest focus 
■in the film to always supply the information you seek. ■ 

When a slide box is filled, it is covered and the lid bound on the box with 
a good rubber baud. The necessary information is written on the side or 
bottom of the box with a lead pencil. For example: Santa Rosa School, 
slides 1 to 25 or Santa Itosa School, slides 26 to 50, etc. These boxes are 
kept in a vertical position in the field case until the close of the day or until 
the following day. It is always better to stain them within twenty-four hours, 
since they lake with increasing difficulty after that period of time. We have, 
of course, used such films even after a month or two of drying but they are not as 
satisfactory and the blood film is apt to crack in many lines, and segments of 
the film may even be lost. I have been able to use films that were six months 
old but they are not desirable films. Animal surveys are frequently done in 
barns and whether the floor is of dirt or boards it pays to wet down the floor 
to avoid dust settling in the blood films. It is even more necessary to avoid 
destruction of the films by flies, ants, etc. Flies can remove a large part of a 
film in a very short time. Care must be taken to guard against breakage or 
leakage of the alcohol and iodine bottles carried in the field ease, since a whole 
day's collection may be ruined for the staining and examination. Stock bottles 
are protected by several vertical and transverse rubber bands which not only 
serve to keep the corks in a tight position but also protect against the jarring 
of the bottles against each other during transportation. 

Thick blood films will dry in a half hour during the dry season but in the 
rainy season it is always better to dry them a half hour by placing the closed 
boxes in the incubator at 37° C. The lid of a box is now removed and pieces 
of cardboard one inch square by 1/16 of an inch thick are dropped in the 
spaces between the slides on the ends where the identification numbers have 
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been written. It is well to drop one between the box and the first slide as 
well as between the last slide and the box. These cardboard separators are 
to provide a staining space between the slides. The lid is now replaced and 
the box turned wrong side up on the table, the bottom of the box is raised 
slowly taking note that no slides are fast in their brackets. The slides are 
then brought compactly together by a thumb and finger and moved to the 
side of the lid where the separators are then pushed flush with the ends of 
the slides. This is best done by lightly holding the block of slides while a 
scalpel blade pushes all separators into good position. These separators add 
protection to the numbers unless too firm a grip is used while moving them 
into position. In such a ease they smear the wax pencil numbers and make 
reading difficult. The block of 25 slides is then lifted up to the edge of the 
lid while a good elastic band is placed about the numbered ends of the slides. 
A second band should then be applied over the first to guard against the 
breaking of the one band and the unfortunate release of the block of slides. 
Some prefer a rubber web for this instead of pure rubber bands. Rubber 
bands 3^ inches long by Vi inch wide are used in our equipment. They are 
long enough to allow two turns of the band and the firm pressure is desired. 
This makes a solid block that can be handled with ease and safety. Beneath 
the rubber bands, a small strip of white card is adjusted and on this card is 
transcribed the entry made on the slide box such as; Santa Rosa School, 1 to 
25. Once the boxes have all been blocked in this manner the blocked slides 
are ready to be stained. 

Staining Method. — Giemsa’s stain is probably universally used. It is an 
expensive stain when piu- chased ready for use and after long periods of stor- 
age some of the bottles of stain deteriorate. Its preparation from the powder 
is so simple, the results obtained so satisfactory and its price so greatly reduced 
that I see no reason why the stain should not be prepared in any laboratory. 
We estimate it at 75 cents an ounce (stock stain) when made by us. This 
laboratory does not use Azur II as is the case with the old formula. I place 
2.4 gm. of Azur II eosin (Griibler) in a clean Erlenmeyer flask and then add 
200 c.c. of C. P. anhydrous glycerin. The flask is covered with a well-fitted 
cork and then placed in a water-bath at 60° C. for thirty minutes. The flask 
is shaken once or twice during this period. It is then removed from the bath 
and 200 c.c. of C. P. methylie alcohol are added and after mixing the contents 
the flask is again placed in the hot water-bath for another half hour, shakin«- 
it once or twice during this period. It is then removed and left in an incubator 
overnight at 37° C. Next day it is passed through filter paper and stored in 
200 e.e, bottles that have been thoroughly cleansed, washed with methylie 
alcohol, and dried before use. These are well stoppered and kept in the dark. 
I use equal parts of glycerin and alcohol rather than the larger amount of 
alcohol advised by some. The liberal use of alcohol is undesirable since 
thorough laking of the cells is the main object in thick film work. Everythin «■ 
used in the preparation of a stock of Giemsa stain should be as clean as the 
stock bottles in which it is stored. I use a set of glassware exclusively for 
this work. Application of the stain requires a dilution of this Giemsa stock 
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in a proportion of .1 c.c. to one ounce of water. Pour this mixture back aud 
forth about four times and then consider the solution ready for use. The 
blocked slides are placed in the staining dishes resting on the film ends of the 
slides with a quantify of stain just sufficient to cover the films. Our service 
uses the rectangular staining dish 24 by 59 by 82 mm. inside measurement and 
these hold 3 Y> ounces of the staining solution and will receive 50 slides. 
White enameled trays 1% by 2% by 7 J y £ inches (inside bottom dimensions) 
will accommodate 150 slides and use 9 ounces of staining solution. The slides 
are left in the stain for one and one-half hours, and then very gently dipped 
in two changes of water like that used for making the staining solution. They 
are then dried by standing the blocks of slides on paper that absorb water 
rapidly such as paper towels. We usually leave them overnight but drying 
can be hastened if necessary. The films must be thoroughly dry before they 
are examined. The authors 1, 3 of the modified thick-film method that this 



Fig. 2. — An instrument tray with 150 slides and the smaller staining dish with 50 slides in 
the aqueous solution of Giemsa’s stain. 

laboratory uses state clearly that the water used for diluting Gieinsa stain 
should be neutral, or only slightly alkaline (pH 7.0 to pH 7.2), and must be 
nearly or quite free from salts. It lias been our experience that clean, fresh 
rain water and our local city water supply all serve well without treatment 
for this purpose. Freshly distilled water needs to be corrected. There is 
always the risk that some accident or repair to the water supply system might 
cause the loss of a day's collection of slides but thus far it has not and I like 
our results as well as with water corrected to the proper values. There is 
considerable latitude in the character of the water to be used but one must 
stay within reasonable bounds. Much discussion has arisen from the forma- 
tion of greenish yellow crystals that occasionally cover the film and make 
examination difficult. This accident will not happen if the staining dishes 
are kept thoroughly clean between their periods of use. 

The complete examination by a trained technician of a well-stained thick 
film a half inch in diameter will require about three and one-fourth minutes. 
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There are three factors, at least, that must be taken into consideration in an 
efficient examination of a thick film, these are as follows: (1) one must be 
acquainted with the parasites for which he is searching, (2) the entire film 
should be searched, (3) a proper light and magnification must be employed 
and a sufficient amount of good immersion oil (cedar oil) to cover the search 
must be applied to the film. 

One familar with thin films stained with an alcohol polychrome stain will 
find the thick film picture confusing for a time since all the red blood cells 
are gone. The field contains leucocytes, platelets, shadows of red cells, and 
parasites. It will not take much time for one who knows the parasites and 
is acquainted with thin film work to learn the thick film method, and for 
diagnostic work it is a most desirable method. There is more upon, which to 
base an opinion than the sparse findings of a thin film. Both methods have 
their particular points of value but for mass survey work the thick-film 
method of today fills a most important need. More mixed infestations of 
malaria, scanty trypanosomal and spirochetal carriers are being found and in 
wild animal life it is uncovering many facts that are desired in the way of 
the incidence of filariasis, 4 trypanosomiasis, 5 spirochetosis,® piroplasmosis, 
anaplasmosis, etc. Naturallj’ the different species of parasites vary a great 
deal in the number that may be found in a film. The monkey spirochete at 
the apex of an acute attack may show a countless number to a microscopic 
field while a trypanosome like T. cruzi may never reach a figure above 40 to 
a field and certain microfilaria may show but a few to the entire film. Scant 
infections are far more frequently found with this film technic. The writer 
and his fellow technicians have, during the past four years, examined from 
man and animals about 200,000 thick films. This diagnostic method is capable 
of just as wide use in veterinary medicine as it is in human medicine and 
affords an excellent yardstick to measure the results of sanitation and malaria 
control. The chief purpose of this thick film method is the diagnosis of 
parasites in mammalian blood. It is not intended for a study of the char- 
acteristics of these parasites or their relationship to the red blood cells. 
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THE BIOLOGIC DIAGNOSIS OF TERATOMA TESTIS 0 


Skwahd E. Owes-, Pxi.D., IIixes, III. 


T 1 HAS been shown by several workers, Zondek, 1 Ileidrieh and Pels, 2 
Kantrowitz,- 1 Lilienthal, 1 Paschkis, - * Iladv,' 1 Doling, 7 Weinstein and Sclio- 
field, Johnson and Hall 0 and Ferguson 10 that tile sex hormones prolan A 
and prolan B appear in the urine of men having teratoma testis. Of the above 
cited references all but Zondek and Ferguson are single ease reports. Fergu- 
son 10 classifies the malignant tumors of the testis that may cause the appearance 
in the urine of man of the prolan hormones as follows: (A) ehorionepithelioma, 
(B) embryonal adenocarcinoma, (C) embryonal carcinoma with lymphoid 
stroma. (D) seminoma and (E) teratoma with adult features; the amount 
of hormone in these groups decreasing in the order given. 

The work of Ferguson 10 indicates that a suitable test for the quantitative 
existence of these hormones in the urine is possible. At the time of his report 
we were employing rabbits in a similar test with somewhat similar results. 
Hie use of immature virgin female mice as employed by Ferguson simplifies 
the problem of handling, feeding and injecting animals. Employing urine 
Horn the same specimen and appropriately injecting a series of rabbits and a 
seiies of mice, we found from 22 to 25 mouse units as the equivalent to a 
minimal effective rabbit dose. Due to the advantages of using the smaller 
animal we now employ mice for the routine tests and reserve the rabbits for 
quick approximation when time is an important factor. In all cases the 
quantitative mouse test should be made. 

PKEPAKATIONS .VXD TESTS 

The diagnosis of pregnancy bv means of the Aschheim-Zondek reaction is 
discussed in many textbooks and the methods of conducting the test are well 
known. The test as conducted for pregnancy, however, while essentially simi- 
lai to that for teratoma, does not offer a quantitative value as to the amount 
of hoimone oi hormones in the urine. A quantitative test in teratoma is es- 
sential in order to obtain consecutive readings which will indicate a decrease 
or increase in the amount of hormone present when subsequent urine samples 
are tested. 

Fresh morning urine and extracts of urine prepared after the methods 
of Zondek are emploj ed. Injections are made intravenously in rabbits and 
intraperitoneally in mice. The extracts employed were made as follows: 50 c.c. 
of urine acidified to litmus by the use of acetic acid are jjlaced in a precipitat- 
ing jar and 250 c.c. of 95 per cent ethyl alcohol are added. The mixture is set 
in the ice box overnight and the resultant precipitate is obtained by centrifuga- 
tion. The precipitate is then washed with about 50 c.c. of oxide-free ether. 

♦Published with the permission of the medical director of the Veterans Administration, 
who assumes no responsibility for the opinions expressed or the conclusions drawn by the writer. 

Received for publication, March 2, 1934. 
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The precipitate is again obtained by centrifugation and decantation and is al- 
lowed to dry. The dry precipitate is then taken up in an aliquot part of water. 
In our work we commonly use 5 or 10 c.e. of distilled water; thus we have an 
extract that represents either a concentration of 10 or of 5. Not all of the 
precipitate is soluble in the distilled water, and it is customary to shake the 
watery suspension well and allow it to stand at least an hour but preferably 
overnight in the ice box, after which the residual precipitate may be removed 
from the watery solution by centrifugation. The supernatant fluid is then 
labelled and is ready for use. 

Immature, virgin, female mice are employed as follows: six animals are 
selected and tagged or otherwise marked 1 to 6. Mouse number one receives 
0.1 e.e. of fresh urine in each of 5 doses spaced over a period of forty-eight 
hours. Mouse 2 receives 0.2 e.e. of fresh urine in each of 5 doses which are 
similarly spaced. Mouse 3 receives 0.4 e.e. of fresh urine in each of 5 similarly 
spaced doses. Mouse 4 gets 5 doses of the 5x extract, 0.1 e.e. per dose. Mouse 5 
receives five 0.2 e.e. doses of the 5x extract. Mouse 6 gets five 0.4 c.e. doses of 
the ox extract. The 5 doses of extract are spaced over a fovty-eigkt-hour 
period also. This gives a range in total dosage from % e.e. of fresh urine to 
2 e.e. of the extract, and if the 5x extract is used, the highest dosage repre- 
sents 10 c.e. of urine. 

Readings are made on the ovaries about ninety hours from the first injec- 
tion time. The ovaries are observed grossly and then removed for histologic 
section preparation. The sections provide us with a reference slide when sub- 
sequent tests are made on the same patient. The observations from the gross 
observations and from the sections are tabulated and translated into mouse 
units for purposes of record. The following description will explain how this 
is accomplished; the ovarian changes occurring in the test animals when in- 
jected with urine from teratoma patients are: first, a swelling and hyperemia 
of the graafian follicle accompanied by the formation of a distinct cumulus 
oophorus. Second, the formation of a massive hemorrhage within the ripened 
follicle, the so-called corpora hemorrhagica. Third, the formation of corpora 
lutea atretia. This latter reaction is quite easily distinguished under higher 
magnifications. Prolan A is said to be responsible for the first two reactions 
while prolan B is said to cause luteinization. Zondek 1 has shown that prolan 
A and prolan B exist in the urine of pregnant women in the ratio of 5 to 1. 
Ferguson 10 has reported that this ratio also holds for urine from males having 
teratoma. Our work also has shown that whenever Reaction 3 (corpus luteum) 
occurs, it is possible to get Reactions 1 and 2 with one-fifth to one-sixtli as 
much urine. 


The quantitative interpretation of results is as follows : positive cumulus 
oophorus formation with corpus hemorrhagica in Mice 1 to 6 indicate respec- 
tively 2,000. 1,000, 500, 400, 200, and 100 mouse units of hormone per liter of 
urine tested. It is not essential that corpus hemorrhagica be seen, as this re- 
action is not of lasting caliber. Reactions which represent eumulus oophorus 
formation, corpus hemorrhagica formation and corpus lutea atretia when oc- 
curring in Mice 1 to 6 indicate in respective order the following number of 
mouse units, 10,000, 5,000, 2,500, 2,000, 1,000, and 500. 
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The same reactions are observed in rabbits when 22 to 25 times as much 
urine or its extract equivalent is injected intravenously. Headings on the 
rabbit ovaries can be made twenty-four hours following the injection and but 
one single injection is employed in the rabbit test. The test is done in a man- 
ner similar to the Friedman modification of the Aschheitn-Zondelc test for 
pregnancy. If but one rabbit is employed for each patient, then the result 
will only indicate the presence or absence of from 22 to 25 mouse units of 
hormone in the dosage given, since the intravenous dosage would rarely be 
over 20 c.c. of urine. The test has its limitations even as an index as will be 
seen from Table I. 

Table I 


Test Results 

Rabbit-Moose Coiuielation Values Indicating Limitation or Rabiiit Test as to Dosage 

Employed 


CASE 

KADDIT TEST 

MOUSE TEST 
(MOUSE UNITS) 

A 

Negative 

500 

B 

Negative 

200 

C 

Questionable 

2,000 

D 

Negative 

1,000 

E 

Negative 

2,000 

T? 

Negative 

500 

G 

Positive 

2,500 

II 

Not run 

1,000 

I 

Negative 

100 

J 

Not run 

1,500 

K 

Not run 

2,000 

L 

Not run 

2,000 

M 

Not run 

200 

NT 

Not run 

Nog. 

0 

Positive 

10,000 


Rabbit test in this series all by single intravenous injections of 10 e.e. 
of fresh urine. Mouse units aro calculated to liter of urine. 


To compensate for the units of hormone per liter, the twenty-four-hour 
specimen volume is obtained and if any great variance in volume exists in sub- 
sequent tests on the same patient the hormone uuitage total is adequately 
corrected. It is believed from the results that the amount of hormone remains 
fairly constant, tending to increase, of course, in untreated patients, regard- 
less of the urine volume per day. 

Occasionally patients with teratoma subjected to the test will show more 
than 10,000 mouse units per liter, viz., in Case 10. One single injection of 0.3 
c.c. of urine produced all three reactions in a mouse. The interpretation here 
was at least 16,000 mouse units per liter of urine. A grave prognosis was 
given in this case. Before effective treatment could be employed or another 
test obtained, the patient had succumbed to the disease. This patieut re- 
ported after considerable metastases had occurred and was critically ill at 
the time of admission. Autopsy confirmed the extensive metastatic involve- 
ment suggested by the test. 

RESULTS OF THE TEST 

A few case summaries are included to show the applications of the test. 
At present over 40 cases of teratoma are being followed by means of the test. 
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Since it has been shown by “ ft^bsemu letf'any o£ Ute three re- 

** — — h *— 

into either rabbits or mice. _ mriiatases from it reduces defi- 

Irradiation of the teratoma in ‘ tlie urine , therefore the test 

niteiy the amounts of ^prolan A M P ^ iMrcases or decreases of hormone 
has a use m diagnosis. Not 0 f , , th eft - ect iveness of treatment may 

be evident in properly contoe e ^ ^ >how if secondary areas are 

be followed accurately. P indicate whether postoperative 

present If such areas exrst, ^ fte CBSes liste a and others, 

irradiation has effectively rem ° | rather strenuous irra- 

it is believed that if the test is positive preoper atrvely, Most oJ 

diation should be applied treatment, either surgery or h- 

the eases presented to us ha P hl „ ftM eases the recognition 

ZtZstt 7 — i nodules, when such growths are not paipable, is 

extremely important. 

follow-up system 

A study of our records reveaUthe faotsUiat a great .many »^“t 
patients live great distances i J f phys i ca ] condition and 

s „ch patients to c “ neesVis dUtatt to control 

examination, and of com^e, u sueh patients now includes a 

treatment. Onr present ^ ™ mens . We are attempting to 

moiling tube system tor » * J months. Patients at 

of urine in a speeia, 

a distance iro 1 , These preserved urine samples are 

then tested £ju™tit results reviewed by member, of the Tumor Clinic who 
recommend appropriate treatment or snbseqnent follow-up Good cooperation 
on the part of the patients has been the result of this system. Considerable 
economy is also effected by employing the system, for often transportation 
expenses can be saved, and naturally hospitalization is not essential foi pa 
tients with consistently negative results by the test. Since it is common y 
accented that the correct diagnosis of teratoma is made m less than 15 per- 
cent of such cases presented for observation, it is felt that the test applied as 
a routine procedure in such suspected cases would result in improvement m 
the prognosis and number of cures by either irradiation or surgery or both. 

Following irradiation or surgery, the test is often questionable until ten 
days or two weeks after the procedure; supposedly the hormones are not at 
once flushed from the system or the pituitary ceases the overproduction of 
them immediately. If the irradiation or other treatment is effective, how- 
the test when made two weeks after such treatment shows this by a 
reduced amount of hormone in the urine. Case 8 presents such a condition 
where the test was run too soon after the orchidectomy ; a subsequent test ' 
this case was recommended so as to check the result. 


m 
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SUMMARY 

1. Confirmation of Ferguson's results on the biologic testing for teratoma 
is offered. 

2. A method for follow-up on such teratoma patients is presented. 

3. Ten case summaries from a group of 40 teratoma cases are offered as 
typical examples of the test applications. 

4. The importance of preoperative irradiation is stressed. 

5. The necessity of consecutive checking, by the test, of such patients 
having teratoma is outlined. 


CASE SUMMARIES 

Case 1. — White, aged thirty-seven. Injured left testicle in 1925 and again in 1020. 
Left orchidectomy in 1933 at another hospital. Histologic diagnosis: adenocarcinoma. No 
palpable glands nor abdominal masses on admission here. Deep x-ray to stump, abdomen, 
and mediastinum followed by a prolan test which showed 500 M.U. Repeat prolan test two 
months later gave 200 M.U. 

Case 2. — White, aged thirty-four. No history of injury. Gradual swelling of left 
testicle up to February, 1933, when a left orchidectomy was done at another hospital. 
Histologic diagnosis: cancer. Entered here March, 1933, with drainage from scar, inguinal 
glands palpable. Prolan test showed 1,000 M.U. Deep x-ray therapy to the abdomen and 
inguinal gland region. Subsequent prolan test was 500 M.U. Further treatment by deep 
x-ray to the mediastinum was given on suspicion. Supraclavicular area treatment refused. 

Case 3. — White, aged forty-four. No history of injury. About three years ago noted 
swelling of left testicle. In June, 1932, left orchidectomy at another hospital. Weight loss 
at the time was about 30 pounds. Transferred here for further treatment. Mass in upper 
left quadrant of abdomen, no other adenopathy. Chest was negative. Deep x-ray to the left 
scrotal stump and abdomen was given. Subsequent prolan test 3,000 M. U. Treatment by 
x-ray at a later date followed by prolan test of 2,000 M.U. 

Case 4. — White, aged forty-five. About ten years ago, had injury to right testicle; swell- 
ing resulted which subsided until a year ago when swelling of the right testicle again be- 
came apparent. Back pains, pulling sensations in right groin. Right orchidectomy at an- 
other hospital in February, 1933. No irradiation was given at the time. On admission here 
was given deep x-ray therapy to right scrotal stump and to abdomen. The prolan test follow- 
ing treatment was 2,000 ALU. on January, 1934. 

Case 5. — White, aged thirty-nine. History of testicular injury in June, 1933. In 
March, 1933, biopsy at another hospital showed suspected malignancy. Right orchidectomy 
was done at the same outside hospital. On admission here in April, 1933, ho was given deep 
x-ray to the stump and abdomen and released. On readmission in August, 1933, no adenopathy 
was apparent. On another admission in October, 1933, the prolan test was negative. The fol- 
low-up specimen of January, 1933, shows 200 M.U. by prolan test. 

Case 0. — White, aged fifty-three. Injured left testicle in service; swelling followed by 
receding at that time. M ay, 1932, swelling of left testicle prompted hospitalization in 
August, 1932. In this outside hospital the scrotum was tapped and a left orchidectomy was 
done Histologic diagnosis was carcinoma of testes. No palpable glands. Admitted here 
September, 1932. No palpable glands were noted. Irradiation to scrotal stump and ab- 
domen. Follow-up specimen of January, 1934, shows 1,000 M.U. 

q^ se 7 White, aged forty. Injury to right testicle on January, 1932, swelling con- 

tinued Admitted to another hospital where right orchidectomy was done November, 1932, 
with no other treatment. Admitted here January, 1933. Adenopathy negative, chest ques- 
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tionable. Irradiation deep x-ray to scrotal stump, abdomen, and mediastinum, lleadmitted 
August, 19315. Irradiation to mediastinum over suspected ebest nodes. Follow-up specimen 
of January, 1934, shows 1,500 >l.U. by prolan test. 

Case S. — White, aged thirty-four. No history of injury. December, 1932, gradual 
swelling of left testicle. December, 1933, left orehidectomy at another hospital with no other 
treatment. Admitted here December, 1933, where no adenopathy was found and irradiation 
was not advised. The prolan test of Dee. 24, 1933, showed less than 100 JI.IT. 

Case 9. — White, aged thirty-four. Formerly admitted here for pulmonary tuberculosis 
and tuberculosis of the gastrointestinal tract, as well as for heart trouble. No previous 
history of injury. In 1931 first noted swelling of right testicle. On admission here in May, 
1933, a right orehidectomy was done. The histologic diagnosis was teratoma. Irradiation 
treatment given to postoperative sear, abdomen, mediastinum, right and loft scapular regions. 
Prolan test of October, 1933, was negative. 

Case 10. — White, aged forty-five. No history of injury. Had a right orehidectomy at 
another hospital in January, 1933. Two months later lie noted abdominal pains. Admitted 
here October, 1933, with diagnosis of abdominal tumor, carcinoma of lungs, nodes in left 
supraclavicular region. Prolan test showed 16,000 M.U. Irradiation therapy was attempted 
but the critical condition of the patient precluded the continuance of such treatment, pa- 
tient died a few days after admission. Autopsy showed extensive metastases to the abdomen, 
lungs, neck lymph glands, and to other lymph glands. The metastatic nodules were of the 
teratoma type. 
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A NOTE ON FRIEND’S METHOD FOR THE ESTIMATION 

OF CHLORIDES 5 * 


John E. Hearn, New York, N. Y. 


W HEN Herman Friend’s method! for the direct titration of chlorides in 
blood appeared, it seemed for simplicity to leave nothin',' to be desired. 
However, the first estimation made with the new method (on a specimen of 
normal blood) was considerably higher than had been expected. 

The silver nitrate solution was then titrated against a 0.5 per cent sodium 
chloride solution and was found to be of lower concentration than theory 
demanded. The source of such errors is of little import as compared with 
the consideration that they are prone to occur, and to affect the results of a 
series of determinations if not detected. 

The factor 1.17 in Friend’s equation had to be reduced, and his table was 
consequently rendered useless. It was then deemed best to make a solution 
of silver nitrate (2.90(1 gin. per liter) of which 1 c.c. would represent 1 mg. 
of sodium chloride. With this change, the table is not needed. 

The modified procedure is as follows: 

To 1 c.c. of plasma 3 c.c. of the aluminum hydroxide cream is added after 
diluting the plasma with 10 c.c. of distilled water. The volume is then made 
up to 25 c.c. with water. A drop of caprylie alcohol may be used to dispel 
the foam, thus increasing the accuracy of measurement. After mixing and 
letting stand for ten minutes, the mixture is filtered. To 20 c.e. of the filtrate 
5 drops of 5 per cent potassium chromate is added, aud the filtrate is titrated 
with the standard silver nitrate of which 1 c.c. represents 1 mg. of sodium 
chloride. The end-point is the change from yellow to brownish, and it should 
be the same tint as that reached in the standardization of the silver salt against 
the sodium salt. When the number of cubic centimeters of the silver nitrate 
solution used is multiplied by 125, the result expresses the chloride content 
in mg. NaCl per 100 c.c. of plasma. 

The method is applicable to urine also. For this- use it is even simpler, 
as preliminary treatment is usually unnecessary. One cubic centimeter of 
urine in approximately 25 c.c. of distilled water is titrated without filtering. 
The number of cubic centimeters required coi’responds to the chloride content 
in gm. NaCl per liter. 

It is desired specifically to avoid the implication that Friend’s factor 1.17 
is either theoretically or practically erroneous. The substitution of the stand- 
ard solution (containing silver nitrate representing 1 mg. NaCl per c.e.) for 
the 0.02 normal solution is for convenience in calculation merely. The pub- 

•From the Pathological Laboratory of the French Hospital. 
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lieation of tlio results of titrations of pure chloride solutions in this connection 
would be a work of supererogation; it would prove nothing except the ac- 
curacy or inaccuracy of the chemist doing the work. The comparison made 
by Friend of results with his own method and with the standard one of 
McLean and Van Slyke would be duplicated if the modified method were used 
by a chemist of equal competence, and under the same conditions, for this 
method is still essentially Friend’s. 

126 West Ninety-Fourth Street 


THE DETERMINATION OF URINE CHLORIDES 
WITH MERCURIC NITRATE* 


C. E. Holdkidge, M.S., and J. W. Cavett, Ph.D., Minneapolis, Minn. 


T HE chloride method of Votocek 1 using mercuric nitrate to titrate chloride 
solutions with sodium nitroprusside as an indicator was applied by Cavett 
and Holdridge 2 to the Folin-Wu filtrate in the determination of blood plasma 
chlorides. This method has proved very satisfactory and has been applied 
to the determination of urine chlorides. 


METHOD 

Five cubic centimeters of urine are placed in a 100 c.c. volumetric flask 
and diluted to volume. A 5 or 10 c.c. aliquot is taken for the titration using 
the same reagents and the exact procedure as given in the plasma chloride 
method for the titration of the Folin-Wu filtrated 

Urines which contain protein give a turbidity with the mercuric ion which 
interferes with the end-point of the titration. Thus, with such urines, 5 or 
10 e.e., depending on the chloride content, are placed in a 100 c.c. volumetric 
flask and 5 e.e. of 10 per cent sulphosalicylic acid are added. The flask is 
placed in a boiling water-bath for a few minutes, cooled, and diluted to 
volume. The contents of the flask are filtered through a dry filter. If the 
filtrate shows any turbidity it is returned to the filter until it comes through 
clear. The titration is then earned out on- a 5 or 10 e.e. aliquot 

Comparison with the Volhard- Arnold silver nitrate method as given by 
Hawk and Bergeim 3 * * * shows the error to lie within one per cent. 




1. Votocek.^fiber ein Neues Titrierverfahrcn fur. Cl, Br, Cn and Hg, Chem. Ztschr. 42 

2. Cavett, J. W„ and Holdridge, C. E.: A New P.lnml , .. , 
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3. Hawk and Bergeim: Practical Physiological Chemistrv n.l in D1 . 

P. Blakiston’s Son & Co., p. S79. b cd - 10 > Philadelphia, 193S 
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A NEW PROCEDURE FOR INTRODUCING SOLUTIONS DIRECTLY 
INTO THE SHALL INTESTINE OF EXPERIMENTAL AN DIALS* 


Stephen Haddock, H.D., Boston, Mass. 


O E GENTLY - a technic was reported (Haddock, 1932) which permits liga- 
' ' tion of the pylorus of animals from the exterior without the complications 
of general anesthesia. Utilization of this procedure enabled Haddock, 
Trimble, and Carey (1933) to demonstrate that the absorption of d-glueose 
from the stomach is either zero or negligibly small. 

The present communication describes a procedure which permits the 
role of the small intestine in absorption to be studied separately from that 
of the other portions of the alimentary tract of the dog. The technic of this 
is as follows: Under ether anesthesia with aseptie precautions a' midline 
incision is made from the tip of the xyphoid to a point a few centimeters above 
the umbilicus. The glass pyloric snare is then inserted as described previously 
(Haddock, 1932). The wound is closed with interrupted silk sutures. 

A right rectus muscle-splitting incision is then made aaul the loop of the 
duodenum, distal to the lower pancreatic duct (Santorini) is brought to the 
outside. The edges of the abdominal wall are approximated under the 
duodenum by placing 1 or 2 sutures through both peritoneum and fascia, in 
a manner similar to that described by Mann (1921). This allows about 5 cm. 
of duodenum to lie on the anterior rectus sheath where it is readily accessible 
(Fig. 1). The skin is then closed over the gut with interrupted silk sutures. 
Dry dressings are placed over the wound and held in place by a scultetus 
binder. 

The animals recover rapidly from this operation and are usually willing 
to consume a meal of bread and milk or ground meat by the following day. 
After from three to seven days they may be used for an absorption test as 
described below. Somewhat less than 10 per cent of the experimental animals 
fail to recover their appetites promptly. A few of these show elevation of 
blood nonprotein nitrogen. All dogs which refused food for several days or 
whose appetite was poor gave subnormal results in absorption tests, so that 
a normal appetite appears to be an important criterion of the success of the 
preliminary surgery. 

On the day of the absorption test the skin sutures are removed. The 
snare is drawn sufficiently taut to close the pylorus. A hollow needle is then 
inserted into the lumen of the duodenum, and the fluid whose absorption is 
to be studied is infused through the needle. An alternative procedure which 
is also feasible, is to make a 5 mm. incision in the duodenum through which 
a soft rubber catheter is inserted into the lumen. A purse-string suture is 
then placed about the opening and tied snugly around the catheter to prevent 
leakage. 

•From the Surgical Research Laboratory of the Boston City Hospital. 
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At the end oil the experiment the animals are quickly and painlessly 
sacrificed by injecting sodium amytal (100 mg. per kilo) intravenously. The 
intestine can then be removed and completely washed out in order to make 
a quantitative study of absorption from the intestine or of chemical changes 
which may have occurred during the experimental period. 


RESULTS 

In order to test the procedure several types of experiment have been 
performed. In these the absence of hyperglycemia lias been used as a criterion 
of the normality of the animal during the absorption test. 

The animals were given the preliminary surgical preparation just de- 
scribed. On the day of the absorption tests (3 or 5 days after the preliminary 



operation) the animals (fed eighteen hours previously) were brought into the 
laboratory and a sample of venous blood (I control) was obtained. The 
pylorus was then closed and the needle inserted into its duodenum. A second 
specimen of blood (II control) was proem’ed. 


Then with the aid of a Woodyatt pump fluids (water or sodium chloride) 
warmed to 37° C. were injected directly into the small intestine at constant 
rates. At flfteen-minute intervals specimens of blood were collected from the 
saphenous veins. The sugar content of these was determined by the fer- 
rocyanide method of Folin and Malmros (1929). 


The data obtained are recorded in Table I. These show that neither the 
manipulative procedures immediately preceding the injection nor the infusion 
of considerable volumes of fluids directly into the small intestine provoked 
a hyperglycemic response ot any significant magnitude. 
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Table I 


experiment number 

i 

II 

HI 

1 IV 

Weight of dog, kg. 

17.0 

15.1 

23.5 


Substance ingested 

H.O 

XaCl 

JCaCl 


Concentration per cent 


0.9 

2.5 


Volume, c.c. 

soo 

450 

040 

S20 


Blood Sugar Concentrations, Milligrams Per Cent, During Injection. 


I Control 

l 57 i 

85 

SO 

70 

II Control 

j 89 

92 

7S 

72 

15 minutes 

92 

92 

SI 

74 

30 minutes 

93 

91 

S2 

75 

45 minutes 

SS 

92 j 

S3 

73 

00 minutes 

90 

82 J 

S4 

G9 

75 minutes 

1 S9 

i S9 

S2 

74 

90 minutes 

85 

S7 

SO 

70 

105 minutes 

90 

S9 

82 

74 

120 minutes 

| S9 

89 j 

85 

S3 


Corpuscle Volume, Per Cent 


Before injection 

47,48 

43, 42 

44, 45 

52, 52 

After injection 

i 4G, 4G 

40, 39 

34, 33 

o3 


Leakage from Intestine into Stomach. — That the pyloric snare is able to 
prevent solutions passing backward into the stomach was shown in the fol- 
lowing tests. D-glucose (concentrations 3-22 per cent, volumes 100-600 c.c.) 
was infused directly into the duodenum. After completion of the infusion 
(which consumed from one to three hours), the content of .the stomach was 
collected and tested for the presence of reducing, substances. In a series of 
9 experiments the quantities found were respectively 22, 95, 29, 162, 9, 90, 
135, 43, and 32 mg. In a previous communication Haddock, Trimble and Carey 
(1933) have shown that d-glucose is not absorbed directly from the stomach. 
Therefore the data just presented demonstrates that leakage from the in- 
testine into the stomach need not occur when the procedure presented in the 
present communication is employed. 

The technic described above provides a method for introducing a wide 
variety of substances into the intestine of an intact animal under conditions 
which avoid the necessity of general anesthesia or permanent fistulas. 

The Rate of Absorption of Sodium Chloride. — Incidental to the main pur- 
pose of the experiments recorded there was opportunity for a few observa- 
tions upon the rate at which sodium chloride is absorbed from the intestine. 
Computations based upon the data of Experiment III show that in this in- 
stance the total sodium chloride ingested was 16.0 gm. Of this 1.43 gm. was 
recovered from the intestine at the conclusion of the experiment. Therefore 
14.57 gm. of sodium chloride had been absorbed during two hours. This oc- 
curred at the rate of 0.31 gm. per kilo of body weight per hour. In Experi- 
ment IV the sodium chloride infused totaled 22.14 gm. The recovery was 9.05 
o. m an d the absorption rate was 0.42 gm. In Experiment III dosage of sodium 
chloride was 0.68 gm. per kilo while in Experiment IV it was 1.45 gm. per 
kilo In both experiments the concentration of the solution was substantially 
the same. These observations together with others not included here, present 
some indication that an increased dosage of sodium chloride produces an 
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increase in the rate at which this salt is absorbed from the intestine. This is 
in contrast with the observation of Trimble and Maddoek (1934) that the 
rate of absorption of d-glucose from tiie intestine of the dog is not signifi- 
cantly altered by variations in its dosage. 

This procedure was developed and the accompanying observations were 
made during the course of an investigation carried on in collaboration with 
Doctor Harry C. Trimble of the Department of Biological Chemistry, Harvard 
Medical School. 
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A SIMPLIFIED TECHNIC FOR THE COLORIMETRIC 
DETERMINATION OF BLOOD CHOLESTEROL 


R. S. Fidder, B.A., M.D., Columbus, Ohio 


nPHE inherent technical difficulties in the methods of Bloor, 1 Sackett/ and 
Myers and "WardelP for the determination of blood cholesterol have made 
a simple colorimetric method highly desirable. In 1928 Cornell 4 described a 
colorimetric technic for the determination of blood and tissue cholesterol 
based upon the drop precipitation of blood in an alcohol-ether mixture at room 
temperature. At that time we compared the results obtained by this alcohol- 
ether extraction with those obtained by the older methods and were able to 
verify Cornell’s statement that extraction by this method is complete 

In following the further directions of Cornell (consisting of washing 0 £ 
the precipitation flask and the precipitate with alcohol-ether, reducing the 
filtrate volume by distillation and the use of a part of the reduced filtrated 
for final evaporation) the method was found to be somewhat cumbersome and 
because of the several steps involved, subject to technical errors. 

Separate examinations of the precipitate washings revealed the fact that 
they contained insufficient cholesterol to give a readable color development 
by the Burehard Leibermaim reaction. We accordingly eliminated the wash- 
ings and with them the necessity of reduction of the filtrate volume by distil- 
lation. We are now using an aliquot part of the original filtrate for fl m 
determination, a procedure entirely in accord with nth** ),i i f - th ? 
determinations in which the Folin-Wu filtrate is n Z. ^ 

cross Hospfta! - 
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In the use of the Bureliard-Leibermami reaction for the maturation of 
color in the chloroform solutions of cholesterol, control of three variable 
factors is necessary if accurate colorimetric comparisons are to be obtained. 
Color develops slowly in cold solutions and rapidly in warm solutions; greater 
intensities of light also accelerate the color development. If conditions of 
temperature and light are standardized, time of development remains the only 
variable factor. If chloroform solutions of pure free cholesterol are used as 
the standard and exposed to the same physical conditions of temperature and 
light as the unknown samples, the development cf color in both standard and 
unknown are presumably parallel and the exact time of maximum develop- 
ment of color at which colorimetric comparisons are to be made may vary 
within certain arbitrary limits without introducing clinical errors. If. how- 
ever, the more convenient artificial standard is used for comparisons, the 
time factor must be constantly under control in order that colorimetric com- 
parisons may be made at the exact point of maximum color development in 
the unknown solution. It is obvious that this time will vary with each deter- 
mination, being influenced by the room temperatures* temperature of the 
solutions, and the various light conditions. 

It is desirable that color maturation progress slowly. In order to obtain 
slow color development by the control of the variables of light and tempera- 
ture Cornell directs that the containers be chilled in an ice bath, then placed 
at an arbitrary fixed distance from a 200 watt lamp in a dark room for forty- 
five minutes. In 1932 Mirsky and Bruger 3 and later Mirsky tl directed that 
the containers be placed in a dark closet at room temperature for five minutes 
and then for another ten minutes in the refrigerator. It is obvious that the 
variabilities of room temperature in either procedure would influence the 
exact time set for comparison of the developed colors, but as these authors 
were using the natural standards the time factor was of minor importance. 

In order to use the more convenient artificial standard we have modified 
our procedure for color maturation. "We now' develop color by the Burchard- 
Leibermann reaction at room temperature throughout and expose tlie un- 
known! solution to the same light by which the subsequent color comparisons 
are to be made, in the cups of the artificially illuminated colorimeter itself. 
By this method repeated colorimetric comparisons are possible during the 
entire range of color maturation and fading and the exact point of maximum 
color development is not missed. 


PROCEDURE 

Into a 125 c.e. Erlenmeyer flask place exactly 24 c.e. of a tivo to one mix- 
ture of alcohol and ether. Prom a 1 c.c. volumetric pipette add drop by drop 
and until constant agitation 1 c.c. of -whole oxalated or liepranized blood. 
Cork tightly and agitate for two minutes. Filter through a fat-free paper 
into a stoppered 50 c.c. wide mouth bottle. 

Pipette 5 c.c. of this filtrate (an aliquot part) into a 50 e.c. Erlenmeyer 
flask' and evaporate on the “low’' heat of an electric hot plate until about 
one drop of solution remains. Remove at this point to prevent complete dry- 
in" and overheating with possible discoloration of tlie residue. Add at once 
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e.e. of chloroform. Cork tightly and allow to stand until it cools to room 
temperature. The addition of the chloroform to the residue while hot assures 
complete solution of the cholesterol. When making a series of examinations, 
the flasks may stand stoppered at this point until it is convenient to develop 
the color. 

When cool add 0.2 e.e. of concentrated sulphuric acid, stopper and cool 
to room temperature, then add 1 c.c. of acetic anhydride. Allow to stand for 
two minutes, transfer to the colorimeter cups and compare with the standard 
every minute until constant maximum readings are obtained, then for several 
minutes more until the color fades, through three successive readings. 

The standard used is National Aniline Company’s Naphthol Green B 
from which a 0.1 per cent aqueous stock solution is prepared. The stock is 
stable for several weeks but must be diluted fresh before using. If 1 e.e. of 
this stock is diluted with 19 c.c. of water the resulting color is equivalent to 
that produced by 0.0004 gm. of pure cholesterol dissolved in 5 e.e. of chloro- 



Vig. 1 . — Apparatus for blood cholesterol determination, showing- precipitation flasks ah.-, 
tion bottles, evaporation flasks, hot plate, buret for alcohol-ether mixture and thp nrtifiriJmZ 
fUuixunafed colorimeter used in these experiments. naau j 

form. Since the unknown cholesterol in the 5 c.c. of chloroform solution is 
further diluted by the addition of 0.2 e.e. of sulphuric acid and 1 e.e. of acetic 
anhydride it is necessary to add a further 1.2 c.c. of water to every 5 c e of 
the diluted standard. By setting the unknown at 20 on the colorimeter scale 
and reading the standard the calculations become.- Standard x 10 = ~yi 
Cholesterol in 100 e.e. of whole blood. 

The apparatus used by the author is shown in Pig j 

DISCUSSION 

The practical accuracy of the above method is demonstrated by the fol- 
lowmg check determinations made on four different blood samples ; 


Sample 1 


Determination 1 
Determination 2 
Determination ,'i 
Determination 4 


161 mg'. 

100 mg. 

101 mg. 
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Sample 2 

Determination 1 

240 mg 


Determination 2 

239 mg 


Determination 3 

241 mg 


Determination 4 

240 mg 

Sample 3 

Determination 1 

132 mg. 


Determination 2 

133 mg. 


Determination 3 

131 mg. 


Determination 4 

132 mg. 

Sample 4 

Determination 1 

115 mg. 


Determination 2 

114 mg. 


Determination 3 

114 mg. 


Determination 4 

115 mg. 


The variations in the above determinations are within the limits of error 
inherent in all colorimetric readings. 

The control of the variables of time, light, and temperature by constant 
colorimetric observations of the maturating colors is illustrated by the fol- 
lowing readings taken at random from the records of cholesterol determina- 
tions. These determinations were made on different days under different 
conditions of room temperature and represent blood from normal and path- 
ologic cases. 


Sample 1 

3 minutes 

125 mg. 


4 minutes 

135 mg. 


5 minutes 

150 mg. 


G minutes 

155 mg. Maximum in G minutes 


7 minutes 

155 mg. 


S minutes 

154 mg. 


9 minutes 

152 mg. 


10 minutes 

145 mg. 

Sample 2 

3 minutes 

SS mg. 


4 minutes 

93 mg. 


5 minutes 

95 mg. 


G minutes 

100 mg. 


7 minutes 

105 mg. 


8 minutes 

110 mg. 


10 minutes 

122 mg. 


11 minutes 

130 mg. 


12 minutes 

131 mg. Maximum in 12 minutes 


13 minutes 

131 mg. 


14 minutes 

125 mg. 


15 minutes 

115 mg. 


16 minutes 

105 mg. 

Sample 3 

3 minutes 

40 mg. 


4 minutes 

52 mg. 


5 minutes 

SO mg. 


6 minutes 

11G mg. 


7 minutes 

140 mg. 


S minutes 

164 mg. Maximum in 10 minutes 


10 minutes 

165 mg. 


11 minutes 

1G5 mg. 


12 minutes 

163 mg. 


13 minutes 

162 mg. 

The effect of temperature, 

as well as the practical accuracy of the method, 

is illustrated by the following 

colorimetric readings of three separate deter- 

initiations on a sing 

fie sample of blood containing an abnormally high amount 

of cholesterol. In 

these determinations the acetic anhydride was added to 

the warm, partially cooled and room temperature chloroform solutions of the 

cholesterol residue after the addition of the sulphuric acid. 
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WARM 


PARTIALLY COOLED 

ROOM TEMPERATURE 

2 minutes 

GO 

2 minutes 

40 

2 minutes 

30 

3 minutes 

82 

3 minutes 

74 

3 minutes 

42 

4 minutes 

100 

4 minutes 

100 

4 minutes 

70 

o minutes 

184 

5 minutes 

170 

5 minutes 

90 

0 minutes 

210 

0 minutes 

192 

0 minutes 

100 

7 minutes 

200 

7 minutes 

222 

7 minutes 

116 

8 minutes 

272 

8 minutes 

240 

8 minutes 

140 

9 minutes 

290 

9 minutes 

253 

9 minutes 

163 

10 minutes 

208 

10 minutes 

273 

10 minutes 

190 

11 minutes 

300 

11 minutes 

287 

11 minutes 

220 

12 minutes 

300 

12 minutes 

298 

12 minutes 

252 

13 minutes 

299 

13 minutes 

300 

13 minutes 

268 

14 minutes 

299 

14 minutes 

300 

14 minutes 

27 9 

15 minutes 

296 

15 minutes 

301 

15 minutes 

288 

1G minutes 

290 

10 minutes 

300 

16 minutes 

296 



17 minutes 

294 

17 minutes 

299 

Maximum in 

11 min. 

18 minutes 

290 

18 minutes 

301 





19 minutes 

301 



Maximum in 

15 min. 

20 minutes 

302 





21 minutes 

301 





22 minutes 

300 





23 minutes 

297 





Maximum in 

20 min. 


SUMMARY AND CONCLUSIONS 

1. A simplified and accurate teelmie for the determination of blood 
cholesterol is described. We do not present this technic as entirely new but 
only as a simplified method which has proved highly satisfactory. 

2. By the elimination of unnecessary -washings and reduction of excess 
filtrate volume by distillation, time is saved and accuracy increased. The use 
of an aliquot portion of the filtrate is quantitatively accurate. 

3. The use of naphthol green B as the artificial standard is entirely sat- 
isfactory and much less difficult than the preparation of chloroform solutions 
of pure free cholesterol. 

4. By developing color at room temperatures in the artificial light of the 
colorimeter a series of comparisons can be made throughout color maturation 
and absolute control of the variable factor of time is attained. 
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PROTEIN ANALYSES IN CEREBROSPINAL FLUID* 


A Comparative Study op •Methods 


Burnham S. Walker, Pii.D., and Henry J. Bakst, M.D., Boston, Mass. 


QINCE the introduction by Denis and Ayer 1 of a rapid and simple method 
^ for the estimation of the protein content of cerebrospinal lluid, this par- 
ticular analysis has acquired considerable diagnostic import. It is generally 
accepted by all clinical analysts, as far as our inquiries have extended, that 
the Denis and Ayer method is entirely satisfactory for this measurement, 
being both rapid and, within certain limits, exact. 

In a later communication, in which the original Denis and Ayer technic 
is slightly modified, Ayer, Dailey and Fremont-Smith 2 state that ‘‘The exact 
magnitude of the error inherent in the method has not been determined, since 
there is no more accurate method to use as a check on individual samples of 
normal fluid.” They present comparative figures between the modified Denis 
and Ayer method, and macro- and miero-Kjeldahl determinations in which the 
protein nitrogen is estimated by difference; that is by subtraction of the non- 
protein nitrogen from the total nitrogen. As they are careful to point out, 
such au indirect method permits a possibility of rather large accumulation of 
error. The actual percentage error in these comparative figures ranges from 
2.6 per cent to 17.6 per cent, with a mean value of S.6 per cent, which it should 
be remembered represents the algebraic sum of the errors of both analyses. 

In view of the wide clinical use of the Denis and Ayer method, and the 
admitted question as to its exactness, it has seemed advisable to attempt to 
check the results obtained with the Denis and Ayer method compared with 
two other methods, both based upon entirely different analytical principles. 
One of these is a micro-Kjeldahl procedure, in which the protein nitrogen is 
determined by direct digestion of the precipitated protein. This method, al- 
ready published by Walker and Sleeper, 3 has been shown by them to agree 
with macro-Kjeldalil determinations on dilute egg albumen solutions with a 
maximum error of 3 per cent. The other is a colorimetric method, dependent 
on the production of a color by reducing a protein-phosphomolybdic acid 
precipitate. 

EXPERIMENTAL 

Denis and Ayer Method . — It was carried out according to the modified pro- 
cedure of Ayer, Dailey 7 ' and Fremont-Smith, 2 and using a Bausch and Lornb 
biologic colorimeter fitted with the special small cups and plungers as recom- 
mended in that same communication. 

Micro-Kjeldahl Method . — It was carried out according to the procedure of 
Walker and Sleeper, 3 and using an ordinary biologic colorimeter. 

•From the Evans Memorial (Massachusetts Memorial Hospital) anil the Fifth Medical 
Service. Boston City Hospital. 
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Colorimetric Method.— To 1 e.e. of fluid in a small test tube (about 5 e.e. 
capacity) is added 1 c.c. of 1 per cent phosphomolybdic acid in normal sul- 
phuric acid. After mixing and standing for fifteen minutes, this is centri- 
fuged, the supernatant liquid decanted as completely as possible and dis- 
carded. The precipitate is resuspended in water, again centrifuged and the 
supernatant liquid discarded. (This washing is essential to remove excess of 
unprecipitated phosphomolybdic acid.) To the washed precipitate is now 
added 1 c.c. of fifth normal sulphuric acid, 1 c.c. of 2 per cent hydroquinone, 
and after shaking, 1 e.e. of the carbonate-sulphite solution used in the Bell 
and Doisy* method for phosphates (15 per cent sodium carbonate and 3 per- 
cent sodium sulphite) . The color is read in the colorimeter fitted with small 
cups against a standard similar to that used in the Denis and Ayer method, 
treated in the same manner as the unknown fluid. The colorimetric reading 
should be made promptly, as the color has a tendency to fade rather rapidly. 


ANALYTICAL RESULTS 

It is first necessary to show that the new colorimetric method yields re- 
sults comparable to the macro-Kjeldahl, which still remains our standard of 
protein determinations. Table I shows the results obtained with dilutions of 
a stock protein solution, made up and standardized according to the procedure 
of Denis and Ayer in preparing their protein standard. 


Table I 


MG. PROTEIN PER 100 C.C. 
(macuo-kjeldahl) 

MG. PROTEIN PER 100 C.C. 
(COLORIMETRIC) 

PERCENTAGE 

ERROR 


159.6 

155.0 

2.5% 


119.0 

121.0 

1.7% 


79.5 

79.0 

0.6% 


59.5 

59.0 

0.8% 


23.8 

22.3 

6.3% 


19.8 

18.9 

4.5% 



Inspection of Table I shows that with moderately increased amounts of 
protein this method gives results which are accurate within the limits of per- 
sonal error in colorimetric reading. In the lower ranges the color is more 
difficult to apprehend, and the error is somewhat, although not prohibitively, 
greater. 

The three methods were next compared on three samples of pooled cerebro- 
spinal fluid, the results of which are shown in Table II. 


Table II 

Pooled Cfiiebro.sw.vai. Fluid 
Mg. Protein per IO0 e.e. Fluid 


hi yTiI c 11 0 ■ K J E I. D A HI. 
METHOD 


33.5 

32.1 

22.1 


Bf DENIS AiVD AVER 
METHOD 


BY COLORIMETRIC 
METHOD 


32.5 

30.5 

20.5 


33.0 

32.0 
21.7 


* 700 ^' 7! ' Wl ' r! ' "•""WXtov-KJehhkl «, WO Per Cent) 
100 n( 98-5 

100 93 


5.5 

99.0 

05.0 
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Inspection of Table II shows that on the same fluid the three methods 
give essentially the same results. Both the Denis and Ayer method and the 
new' colorimetric method yield results slightly, but hardly significantly lower 
than the micro-Kjeldahl. By its simplicity, the Denis and Ayer method recom- 
mends itself as the most satisfactory for clinical use. The micro-Kjeldahl pro- 
cedure remains, we believe, the standard procedure for exact determinations. 
The colorimetric method may perhaps find a use as a rapid check method, 
but we feel that it has already served its most important purpose in proving, 
we trust conclusively, that the Denis and Ayer method is valid and dependable. 

SUMMARY 

Three methods for the determination of small amounts of protein, all 
found accurate when tried with dilute protein solutions, have been applied 
to samples of pooled spinal fluid, and have yielded similar results. The 
method of Denis and Ayer being the simplest, is recommended for use in 
clinical spinal fluid protein estimations. 
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FURTHER OBSERVATIONS ON THE COLLOIDAL CARBON 
FLOCCULATION TEST IN SPINAL FLUID* 


Purcell G. Schube, M.D., Bostox, Mass. 


I N AN earlier publication 1 the method of performing a colloidal carbon floccu- 
lation test in spinal fluid was described in detail. Since that publication the 
work on the method has been continued and although the fundamental prin- 
ciples have remained as before, several minor alterations have been introduced. 
It is the purpose of this paper to describe them and the results obtained. 

ALTERATIOXS OF THE TEST 

In the course of the work upon the test, it was found that a set of six tubes 
was unnecessary except in eases of meningitis in which the fluid v'as not sterile. 
Four tubes in the set were sufficient for all other spinal fluids. Into each tube 
was placed 1 c.c. of distilled water. In the first tube of the set was placed 1 
c c of spinal fluid. It was thoroughly mixed and 1 c.c. of this mixture was 

*Froni the Psychiatric Clinic, Boston State Hospital. 
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cs s scs s : 

of 0.1 pot cent oxalic »d solution MS mmmi. If* J“ 

...1 *:„,«« tn in iv Then into each tube was added 0.4 c.c. of 1 pci cent 

suspension of colloidal cavtan. Each tube was again inverted several tunes to 

mB ’ Dual controls were set up with each spinal fluid, one with oxalic acid and 
one without oxalic acid in order to establish comparative extremes. 

The set was kept at room temperature and read twelve hours later as has 

been described previously. 

T>T?C!TTr /PS 


This test has been performed upon 552 spinal hinds. 


Of these the distribu- 


tion was: 

General paralysis 
Tabeo-paresis 
Cerebrospinal syphilis 
Meningovascular syphilis 
Schizophrenia 

Cerebral arteriosclerosis with 
psychosis 

Manic depressive psychosis 
Alcoholic psychosis 
Mental deficiency 
Senile psychosis 
Toxic psychosis 


50 eases 
22 

17 
12 
GO 

SO 

18 
12 
30 
33 
27 


Epilepsy 

Senile deterioration 
Psychoneurosis 
Psychopathic personality 
Organic brain disease 
Posttranmatic constitution 
Without psychosis 
Hydrocephalus 
Multiple sclerosis 
Cerebral hemorrhage 
Diabetes insipidus 

Total 


26 cases 
18 
18 
17 
16 
14 
12 
11 
11 
9 
3 


552 cases 


In these esses the earbon test was positive only in the spinal fluid of the 
eases of nemwpltilis. In all othevs it was negative No relationshtp could be 
established between the test and the spinal- fluid piotcm, pioteose, sugar, 
chlorides, pH, or cell count. 

discussion 


Colloidal earbon when in suspension carries a negative electrical charge. 
Oxalic acid in solution carries a positive electrical charge. When these two are 
mixed the negative charge on the carbon particle is neutralized, the particles 
due to decreased surface tension aggregate and flocculate out, leaving a solution 
whose clearness depends upon the degree of flocculation. 

When oxalic acid is added to normal spinal fluid, the positive electrical 
charge is absorbed completely by the existing free negatively charged particles 
in the spinal fluid so that when the colloidal carbon is added its charge remains 
unchanged and the carbon remains in suspension; the mixture remaining black. 

But in neurosyphilitic spinal fluid there do not exist sufficient “free” 
negative electrical charges to neutralize the positive electrical charges of the 
oxalic acid, so that when the oxalic acid is added its positive electrical charges to 
•i lai ,<T e extent remain unchanged. When colloidal carbon is added to this mix- 
ture, its free negative electrical charges are neutralized by the positive electrical 
charges of the oxalic acid, and the carbon flocculates out. The protective quali- 
ties of the protein in the spinal fluid are made inert by the addition of distilled 
water to the mixture. 
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Another way to explain this phenomenon more easily is thus : 

In the test an organic sol, an inorganic sol, and an electrolyte are used. 
When the organic sol is mixed with the inorganic sol of the same charge of par- 
ticles, the organic sol protects the particles of the inorganic sol from floccula- 
tion by electrolytes. The organic sol is the spinal fluid; the inorganic sol is the 
colloidal carbon; and the electrolyte is the oxalic acid. In neurosyphilitic spinal 
fluids the activity of this protective organic sol is decreased in dilutions cor- 
responding to Tubes 1, 2, and 3. 


SUMMARY 

1. The spinal fluids of 552 individuals have been examined by means of the 
colloidal carbon flocculation test. 

2. Flocculation occurs only in the spinal fluids of neurosyphilis. 

3. The possible mechanism of the test is described. 
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A MICROMETHOD FOR THE DETERMINATION OF BLOOD 
NONPROTEIN NITROGEN* 


H. Irving, L.T., and J. C. Forbes, M.A., Pu.D., Richmond, Va. 


S INCE it is sometimes very convenient to have a nonprotein-nitrogen method 
for which blood may be readily obtained either from the finger or ear lobe, 
we have modified a micromethod in use in our laboratory for a number of years 
for that purpose. These methods are modifications of the well-known Folin and 
Wu method, but seem to offer several advantages over the same. Not only is the 
amount of blood filtrate required and the time needed for digestion much 
less, but also the tendency for precipitation during digestion is greatly reduced. 
This is the case if the digestion, especially the latter part, is carried on slowly. 
In some cases, if the nitrogen content is high it is almost impossible to prevent 
precipitation during digestion. Consequently in these eases, the determination 
should be repeated using a lesser amount of filtrate. 

The procedure used for our regular method is essentially the same as Folin 
and Wu’s method, except that one-fifth the amount of each solution is used and 
the tubes are graduated at the 10 e.c. instead of the 50 c.c. mark. The proce- 
dure is as follows : 1 c.c. of blood filtrate is transferred to a Pyrex test tube, 

150 by 15 mm., graduated at 10 c.c., 0.2 c.c. of Folin and Wu digestion mixture 
added, and digestion carefully carried out in the usual manner. Distilled water 
is then added to the 10 c.e. mark, the solution mixed, and 3.5 c.c. of Koch’s 


♦From the Departments of Biochemistry and Medicine, Medical College of Virginia. 
Received for publication, April 14, 1934. 
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, i nvomred at the same time, using 2 e.e. 
Nessler solution added A sb»d»« ^ ^ 002 mg . N . )( 0.2 c.c. of digestwm 
of an ammonium sulphate soh \ Nessler solution added, 

mixture added, diluted to 10 c.c. and do e.c. 

Table I 

XlTJtOGKNT D ETEHM IX AT 10'S BY SEVERAL METHODS. 

Com farativk SoM *“ s 1 ls sl c, Per. 100 c.c. or Blood 



20 j \ OU-U 1 ~ 

21 L_ — ^ — the same filtrate 

Por the remainder, Wood rvas taken 

being used for the r ^' n “ nd ^ ld f r0 m the finger in the other, 
by venapuncture m one ease ana 

,, , CSS entially the same as above, 0.2 c.c. of blood is 

The finger tip method _ and add ed to 3.4 c.c. of distilled ivater 

accurately measured in a sp “ u ^ be j n(r r i ns ed out several times with the 

in a 15 c.c. centrifuge tube, the p p f a 10 per cent sodium tungstate 

diluting fluid- Two-tenth’; " of % 5 . acid After 

solution is then added, the tube j s centrifuged at a moderately 

mixing and standing for sev me t’ ers q{ the supcvnata nt fluid is carefully 

lligh rate of speed mixtm . e and analyzed as described above. If 

digested J vl ^ sup ; rnataut dejuid may be filtered through a small filter paper 
after 6 centrifuging, but this is as a mile unnecessary. 

smnniBY 

. for the determination of blood nonprotein-nitrogen has been 
descitbXwhicli requires only 0.2 c.c. of blood and is consequently suitable for 
finger tip or ear lobe blood. 

Suitable 0.2 e.c. pipettes may be obtained from A. S. Aloe Co., St. Louis. 


Note: 



A NEW METHOD FOE THE DETERMINATION OF THE 
BLOOD CELL VOLUME* 

Simon Jay Mason, Cincinnati, Ohio 

I N THE study of red blood corpuscles, a simj>le method was developed for the 
determination of their volume, which has an accuracy of ±0.2 per cent and 
which requires only a few drops of blood. The instrument employed is a bulb 
and calibrated capillary stem made of Pyrex which makes use of the hematocrit 
principle. It is 12 cm. in length and 1 cm. in diameter. The horizontal and 



Fig". 1. — Bulb and calibrated tube. 


diameters of the bulb are approximately 1.5 cm.; and the thickness of 
should not be less than 1.5 mm. The bore is 0.33 mm. and accurately 
ed. The outside markings are spaced to give ten to every half centi- 
■JFig. 1). 

•From the Kettering- Laboratory of Applied Physiology, i n the University of Cincinnati. 
Received for publication, April 9, 1934. 
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The bulb, filled with mercury, is heated in a small yellow gas flame and 
when the rising mercury column reaches the level of the tube, sufficient heparin- 
ized blood is placed upon the orifice and the bulb immersed in cold water. The 
contracting mercury draws after it a column of blood which fills the capillary. 
Excess blood is wiped off and the instrument is placed in a centrifuge cup; in 
the latter it is centered with a flanged cork, balanced against a cup containing 
the required amount of sand, and centrifugalizcd to constant volume. One half 
hour at 3,800 r.p.m. is sufficient for the purpose. The height of the entire column 
of the sample and that of the corpuscles is read fi*om the calibration on the out- 
side of the tube (greater accuracy being secured with the aid of a lens), and 
the percentage of red blood cells per hundred cubic centimeters is calculated. 

To remove the blood, the bulb is heated in a blue Bunsen flame until all the 
mercury is driven out. The stem must not be heated. This leaves the tube 



Fig-. 2. — Apparatus. 


clean and ready for refilling. The instrument can be used several times before 
any other cleaning is necessary. When this is needed, the empty bulb is heated 
slightly and inverted into a test tube containing concentrated sulphuric acid. 
The acid is then drawn up into the cooling bulb. After a few hours the acid may 
be removed by renewed heating. The outside of the tube is washed with water 
and inserted, stem down, through one opening of a two-hole rubber stopper; the 
other opening is occupied by a piece of glass tubing connecting to a strong water 
jet exhauster. The rubber stopper is now inserted successively into the neck of 
each of a series of jars containing, respectively, water, alcohol, ether, acetone; 
and the suction is so manipulated, together with turning the bottle upside down 
and righting it, that the bulb and tube are alternately filled with the desired 
cleaning material and emptied, repeatedly. The instrument is filled with mercury 
in the same way, the tube and jar being inverted and sustained by a rack 
When the tube has been partially filled, the mercury is driven out by heating in 
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order to completely remove traces of acetone, the presence of which interferes 
with subsequent control of the mercury column. The bulb and tube are then 
refilled with mercury, centrifugalized for a minute or two, and the instrument is 
ready for use. The mercury column should reach about 2 cm. above the bulb. 
The equipment employed is illustrated in Fig. 2. (Precaution must be taken 
against the inhalation of vaporized mercury. It is advisable when emptying 
the bulb to have a jar into which the instrument, inserted in the rubber stopper, 
is placed, with suction going. The vapors of the mercury are thereby drawn oft’ 
and condensed. The cleaning of the bulb should be carried out under a well- 
ventilated hood. The jars and the gas burners should be placed in a low rimmed 
pan so as to prevent the scattering of the mercury.) 

Blood is obtained by drawing it from a freely bleeding finger or ear into a 
blood cell diluting pipette." Before the blood is drawn, a 2 cm. column of 
2 per cent solution of heparin is taken into the pipette stem, after which the 
pipette is filled to one-quarter or one-half of its volume. The slight dilution 
introduces only an inconsequential error. The pipette is gently shaken for 
thorough mixing with the heparin and the first drop of its contents discarded. 
The determination can be delayed for a while, but better results are obtained 
by carrying out the determination immediately. 

A tenaculum forceps may be used to hold the instrument when the bulb 
is placed in the blue Bunsen llame for cleaning. When heating for the mercury 
rise, prior to the introduction of a blood sample, it is held by hand. Care must 
be taken not to immerse the bulb in water after heating in the blue flame, but 
breakage does not occur from immersion in water after heating in the yellow 
flame for a period sufficient to elevate the mercury column to the top of the tube. 

During the centrifugation the cover of the centrifuge should be left open, 
in order to maintain air circulation to prevent an appreciable rise in temperature 
in the instrument and the sample above that of the room. For the same reason 
the bulb of the instrument must not be handled. The height of the blood 
column should be read immediately after centrifugation. 

The following are the results (Table I) obtained when determinations were 
made on two samples of rabbit blood taken simultaneously irom the same animal, 
employing two separate instruments. 


Table I 


BABBIT 

% CELLS BABBIT 

9£> CELLS 

13 

35.9 

3S 

27.S 

35.9 


27.1 

53 

35.71 

95 

13.G3 

35.3 


13.S5 


33.01 

3 

39.1 


33.S 


3S.7 

225 

33.7 

33.3 

109 

O O 
*03 

*A number 
and the requisite 

of short stemmed pipettes may be blown 
amount of the 2 per cent heparin solution 

from small bored 
may be dried on 

soda glass tubing-, 
the inside of these 


pipettes. 
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The following arc the results (Table II) of a series of determinations made 
successively on the same animal, using separate instruments. 

Table II 


RABBIT % CELLS 


41 


83 


112 


TIME 


BABBIT % CELLS 


TIME 


35 0 

0 min. 

43S 

35.0 

0 nun. 

35.2 

20 min. 


35.7 

15 min. 

35.0 

1 hr. 20 min. 

59 

33.5 

0 min. 

35.3 

2 lir. 20 min. 


33.S 

5 min. 

35.3 

3 hr. 20 mm. 


33.9 

25 min. 

35.0 

■1 hr. 20 mill. 


33 6 

45 min. 

39.7 

0 min. 


33.0 

1 hr. 0 min. 

39.3 

5 min. 

113 

39.6 

0 min. 

39.6 

20 min. 


39.8 

35 min. 

39.1 

40 min. 


40.1 

50 min. 

39.1 

1 Ur. 0 min. 


40.0 

1 hr. 20 min. 

39.4 

1 hr. 35 min. 




40 0 

0 min. 

57 

39.1 

0 tain. 

40.8 

20 min. 


39.2 

37 min. 


SUMMARY 

A modification of the hematocrit method for the determination of blood cell 
volume has been devised, which has an accuracy of ± 0.2 per cent, and which 
requires only a few drops of blood.. 


SIMPLE APPARATUS FOR KEEPING CITRATED BLOOD WARM 

DURING INJECTION’* 


Leonard Heddxck, Whittier, Calif. 


T HE simple and inexpensive apparatus here illustrated can be easily made 
out of material found in any laboratoi-y. Citrated blood or other intravenous 
solutions can be readily kept warm by simply filling up the outer jar with warm 
water. As the temperature cools it can be drained out from the outlet provided 
in the bottom of the jar and more warm water added. The rate of flow of the 
blood is clearly visible, being greatly magnified. The apparatus is readily port- 
able, does not need to he sterilized and can be used wherever warm water is 
available, as nothing else is required. 

The warming chamber consists of an ordinary glass battery or museum 
specimen jar seven inches in diameter and seven inches deep. In the center 
of the bottom of the jar a circular hole is cut 1 V 2 inches in diameter, A similar 
hole, 1 inch in diameter, is also cut out near the side. In this smaller hole a 
rubber stopper is fitted, through which is thrust a piece of glass tubing. A small 
piece of rubber tubing with pinch cock attached is fastened on the lower end 
to serve as the outlet for the cooled water. 


•From the Murphy Memorial Hospital. 
Received for publication. April IS. 10. H. 
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A No. 8 rubber stopper and rubber tubin',' are slipped on to the lower 
end of a long tipped Kelly infusion jar. This part of the apparatus is kept 
wrapped and sterilized. When assembled the infusion jar will rest firmly up- 
right upon the rubber stopper and require no additional support. 



Fig. 1. 


A small quantity of saline is used to start the injection, the apparatus is 
set on the iron ring holder, and the blood to be injected poured over the saline. 
The warming jar is then filled with warm water of the desired temperature. 

The support on the standard is an iron ring with a one-inch segment cut 
out to allow the tubing to hang straight down. 

This simple warming apparatus has been in use by the attending physicians 
of the above hospital for the past five years and has proved entirely satisfactory. 


DEPARTMENT OF REVIEWS AND ABSTRACTS 


Robert A. Kilduffe, M.D., Abstract Editor 


INFLAMMATION": Cytological Picture of an Inflammatory Exudate in Relation to Its 

Hydrogen Ion Concentration, Menkin, V. Am. J. Path. 10: 193, 1934. 

A pleural inflammatory exudate, in the majority of instances, develops a rise in its 
hydrogen ion concentration coneomitantly with the progress of the inflammatory reaction. 

When the pH of the exudate is alkaline the percentage of polymorphonuclears at the 
site of inflammation exceeds that of the mononuclear phagocytic cells. 

When the pH of the exudate is approximately neutral the percentage of polymorpho- 
nuclear cells tends to approach that of the mononuclear phagocytes. 

When the pH of the exudate is definitely acid large numbers of polymorphonuclear 
cells are found degenerated. The percentage of relatively normal appearing polymorpho- 
nuclear leucocytes is found considerablj’ lower than that of the mononuclear phagocytes. 

In some eases the pH of the exudate remains alkaline throughout the period of an 
acute pleural inflammation. In these instances the percentage of polymorphonuclears in- 
variably exceeds that of the mononuclears. 

By measuring the hydrogen ion concentration of an inflammatory exudate the character 
of the cytologic picture can be predicted with a fair degree of certainty. Likewise the 
converse follows. 

Evidence has been obtained to show that the development of a local acidosis in an area 
of inflammation precedes at times the changes occurring in the differential leucocyte formula 
of the exudate. In such cases, however, the cytologic changes ultimately follow the develop- 
ment of the acid reaction. 

The observations reported suggest that the differential leucocyte formula in an area of 
acute inflammation is a function of the hydrogen ion concentration of the exudate. The 
cytologic picture in an inflamed area seems to be conditioned by the pH of the exudate sur- 
rounding the injured tissue. The present study indicates that the developing local acidosis 
as the inflammatory reaction progresses can adequately account for the shift in infiltration 
from polymorphonuclear leucocytes to mononuclear phagocytes at the site of inflammation 


DIPHTHERIA TOXOID, Evaluation of, and Methods of Immunization, Monroe, J D and 
Volk, V. K. Am. J. Pub. Health 24: 342, 1934. ’ ’ ’’ 

After considerable experience with toxin-antitoxin and toxoid, the authors are of the 
opinion that toxoid is preferable because it produces a higher degree of immunity in a shorter 
time. As a result of a previous study of 1,282 children, four injections of toxin-antitoxin uave 
74 per cent of Schick negative children at the end of one year, while two inactions of 
toxoid with alum gave 88.8 per cent Schick negative at the end of two months and 94 3 ner 
cent at the end of one year. y i " s P er 

I ‘"“ J * “• **■»»- .« -* 
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Tiio slightly higher frequency of local reactions from toxoid with alum should not he 
an objection beeauso the reaction is mild and short. Moderate general reactions occurred 
in 7 per cent of cases. 

In order to reduce the number of visits to a minimum, injection of toxoid und the Schick 
test at the same visit is suggested for children over live years of age whenever there is no 
history of previous immunization. 

GRANULOPENIA, Following the Use of Barbiturates and Amydopyrine, Randall, C. L. 

J. A. M. A. 102: 1137, 193-1. 

Granulopenia should not be regarded as a primary type of blood dvserasiu until all 
possible etiologie factors have been eliminated. 

An apparent increase in the occurrence of granulopenia may be related to the wide- 
spread use of drugs containing a benzene derivative. 

A woman, aged t'venty-tive, developed an acute and alarming leucopenia following 
the use of barbiturates and amidopyrine for the relief of a simple headache. 

The benzene chain contained in both drugs is possibly responsible fur the severe reaction 
and the disappearance of the granulocytes from the blood. 

A number of similar eases have been reported recently. 

A difference may be expected in the reaction to benzene quickly absorbed from the 
alimentary tract, as compared to the type of benzene poisoning that may result from the 
prolonged, slow absorption that occurs in industrial exposure. 

Individuals are known to vary greatly in their susceptibility to benzene. Granulopenia 
following the use of barbiturates and amidopyrine may therefore occur only in those in- 
dividuals who are unusually susceptible to the benzene chain. 

ANTIGEN, Note on Acetone Insoluble Lipoids in Relation to the Wassermann Reaction, 

Kolmer, J. A., and Richter, C. E. Am. J. Clin. Path. I: 235, 1931. 

It is possible to increase the specific antigenic sensitiveness of alcoholic extracts of 
beef heart by increasing the amounts of alcohol soluble but acetone insoluble lipoids. 

Such extracts sensitized with no more than 0.2 per cent cholesterol possess a very 
high degree of antigenic sensitiveness with no increase of nonspecific or autieomplemeutary 
properties. 

Antigens of this kind permit the use of larger amounts in conducting the 'Wassermann 
test with an increase of specific sensitiveness for syphilis antibody. 

BLOOD SEDIMENTATION, in Tuberculous Children, Reilly, W. A. Am. Rev. Tnberc. 29: 

220, 1931. 

This study comprised 101 tests carried out on 30 tuberculous girls between tlio ages of 
eight months and fourteen years, from October, 1930, to March, 1931. Total white blood cell 
counts on fixed smears with Wright’s stain and on supervitally stained smears (the latter for 
observing monocytes) were done at times for correlation and comparison. 

The hilar lesion in its active stages, presumably iu the hilurn lymph nodes, was generally 
accompanied by a shortened sedimentation time. This was true in 22 of 23 such patients. 
The most rapid times, however, occurred in the blood of those children with more active 
lesions than are usually fouud in the hilar lymph nodes. It was thus when cavitation of the 
lung (2 patients) or miliary tuberculosis existed. Almost as rapid times were observed in 
patients with other disseminations, such as developing Pott’s disease (2 patients) and the so- 
called allergic phenomena, phlyctenular keratoconjunctivitis (2 patients) and pleural effusions 
(o patients). Occasionally, however, almost as short sedimentation times were found in the 
blood of children with hilar lesions. 

Of the 33 patients considered clinically active, this was confirmed in 31 patients by a 
shorter sedimentation time. The remaining two patients had normal or longer times. 
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Compared or correlated with other laboratory teats for tuberculous activity, the sedi- 
mentation time indicated pathological effects much more frequently. Taking 6,000 to 12,000 
as the normal range of total white blood cells, there were only rare increases in these children, 
whereas the Linzcnmeier test always gave a rapid sedimentation time. 

It is maintained that monocytes frequently increase in the blood of patients with 
tuberculous activity (3). The sedimentation time shows a consistent shortening. In 20 
comparisons, the ratio of monocytes to lymphocytes did not indicate activity, whereas the 
sedimentation time was rapid in all 20 of these. Only onco in 10 comparisons made on 23 
patients did tho ratio indicate activity and the sedimentation time fail to do so. 

The Linzenmeier red blood cell sedimentation time done on 36 tuberculous girls 101 
times was found to be a more reliable procedure in the prognosis than in the diagnosis of 
tuberculous activity. It is also of presumptive aid in diagnosing activity. The author be- 
lieves it lias au advantage over the usual signs, symptoms, and laboratory procedures in deter- 
mining activity. 

TOTAREMIA, The Isolation from the Rocky Mountain Wood Tick of Strains of B. Tular- 

ense, etc., Davis, G. E., Philip, C. B., and Parker, R. R. Am. J. Pub. Health 19: 449, 

1934. 

Three strains of B. Iu1aren.se of low virulence for rabbits and guinea pigs have been 
isolated from Dcrmacentor andersoni. This is in marked contrast to numerous other isola- 
tions from this tick. 

The occurrence in nature of strains of B. tularense of different degrees of virulence is 
indicated. 

When making tests to determine the relative virulence of strains, it is believed that the 
use of both guinea pigs and domestic rabbits will prove advantageous. 

ENTERITIS, Acute, in Infants and Young ChHdreu: Clinical Study in Forty-Six Patients: 

Necropsy Studies, Cooper, M. L., Keller, H. M., and Johnson, B. Am. J. Bis. Child. 

47: 596, 1934. 

Five of the children were studied at necropsy. AH showed gross and microscopic 
pathologic changes in the gastroenteric tract. Cultures of intestinal contents at various 
levels of the intestinal tract were made in the usual manner to avoid contamination; i.e., 
a sterile cotton swab was inserted through an incision in the intestinal wall made with sterile 
scissors in an area sterilized by application of a hot spatula. Postmortem cultures were made 
immediately after obtaining the material. I his material ivas cultured and studied in the 
way described for cultures of stoois. 

Streptococci (Streptococcus micro-apoikia) were isolated from the contents of the in- 
volved intestine in four of these five patients and from the blood stream in the fifth. Pour of 
these 5 cultures of streptococci were used for injection into animals, and all 4 cultures pro- 
duced the characteristic pathologic changes in the animate’ intestinal tract and were subse- 
quently recovered from the animals. 

A brief summary of the necropsy studies siiows that of five patients studied at necropsy 
all had gross and microscopic pathologic changes in the intestinal tract and that Streptococcus 
micro-apoikia enteritidis was isolated from the intestinal tracts of 4 patients and from the 
blood of the fifth. Of 0 monkeys which received injections of this streptococcus 5 died and 
these showed pathologic changes in tho intestinal tract; streptococci were recovered from the 
intestinal tract of each. Ninety rabbits were given injections and 70 per cent of these died 
Ninety-two per cent of those animals studied at necropsy showed characteristic patliolonc 
changes in the intestinal tract, and cultures of the contents of the intestinal tract of animate 
at the time of necropsy showed the presence of Streptococcus micro-apoikia enteritidis in SO 
per cent. 

streptococcus micro-apoikia was isolated from 55 per cent of 51 stools from 46 patients 
The intestinal traets of 5 patients cultured at necropsy contained these streptococci. 



326 


'ME JOURNAL OF LABORATORY AXI) CLINICAL MEDICINE 


No streptococci similar to St rep to coccus micro- apoihia were recovered in tlie control 
experiments in which seventy specimens of stools from 19 patients who had no intestinal 
infection were cultured. 

Babbits which received injections of the original mixed culture of stools or intestinal 
contents died; typical lesions were found in their intestinal tracts, and from these areas 
Streptococcus micro-apoihia cntcritidis were recovered. 

Babbits which received injections of pure cultures of streptococci from the blood, post- 
mortem material or stool of the patients, from a suspension of a patient’s stool, from the 
peritoneal washings of mice which had received injections or from rabbits that had been given 
injections showed the same typical pathologic changes in their intestinal tracts, and from 
these areas the streptococci were recovered. 

Organisms from rabbits which received injections of somewhat similar green-producing 
streptococci isolated from stools and other sources in patients free from any enteric infection 
were but slightly virulent, and in only a few instances did cultures produce intestinal lesions. 
These cultures were front the throats of two patients with acute pharyngitis and from the 
mastoid cells of two other patients with acute mastoiditis. 

Streptococcus micro-apoihia cntcritidis was not found in the intestinal tracts of normal 
rabbits studied at necropsy. 

Convalescent rabbit serum protected rabbits against Streptococcus micro-apoihia 
entcritidis. 

Babbits remained normal when given injections of Berkofeld filtrates of cultures of 
streptococci recovered from patients with acute enteritis, of the blood purulent contents of the 
involved intestine or of peritoneal washings of mice that had been given injections. 

Six maeacus rhesus monkeys wore given injections of streptococci recovered from 
patients with acute enteritis. The 6 monkeys became ill, and 5 died. All five showed typical 
lesions in the small intestines, and the streptococci were isolated from the contents of these 
areas. These reisolated streptococci produced the same lesions in the intestinal tracts of 
rabbits. Cultures of stools of the monkeys before injection did not contain these streptococci, 
but the organisms were present in cultures of the diarrheal stools after injection. 

Generally, the first third of the small intestine of the rabbit or the major portion of the 
small intestine of the monkey appeared deeply injected. The lymphoid tissue in the wall of 
the involved portion of intestine was enlarged and purplish red. The contents of this portion 
of the intestine were blood-streaked, thick and purulent. Tho nodes in the mesentery, espe- 
cially those adjacent to the intestine, were enlarged and deeply purple. 

Microscopic study of sections of the small intestine revealed marked congestion in the 
mucosa, a polymorphonuclear and monocyte reaction in the mucosa and the submucosa and 
diplococci in the mucosa. Sectious of mesenteric nodes revealed acute lymphadenitis and 
prominent germinal follicles with reticulo endothelial hyperplasia in their centers. Sectious 
of the spleen showed severe acute splenitis, congestion of the pulp with some hemorrhage and 
necrosis -of the malpighian corpuscles and a polymorphonuclear reaction. The liver showed 
vacuolation of many of its cell nuclei. Tho kidneys gave the picture of a toxic nephrosis. 
Other tissues were normal. 

BACTERIOPHAGE, Specific Treatment of Septic Infections, Particularly With the Aid 

of, Mac Neal, W. J. Am. J. M. Sc. 187: 623, 1934. 

The early specific diagnosis of infectious disease by immediate application of the appro- 
priate bacteriologic technic is strongly urged. 

Specific diagnosis facilitates proper care of the patient and isolation of the specific 
microbe makes possible the intelligent selection of specific serum or specific bacteriophage. 

The appropriate application of antistreptococcus serum or of bacteriophages against 
the staphylococcus or the colon bacillus requires intimate collaboration of clinician and labora- 

worker The use of these agents is recommended as beneficial to some patients suffering 
from^infecti'on with the respective microbes. 
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Books and Monographs for Review should be sent direct to the Editor, 
I)r. Warren T. Vaughan, Professional Building, Richmond, Va. 


Electrocardiography* 

' | ’HE student and practitioner of medicine in these days, if he is to be successful in his 
1 endeavor to understand the aspects and manifestations of disease, must be prepared to 
familiarize himself with the many innovations confronting him. 

While the stethoscope and the percussing linger are still essential to the study of 
diseases of the heart, even the skilled physician must take cognizance of the rapid advances 
which have been made in the physiological field of cardiology, the practical application of 
which is found in tho electrocardiogram. 

No one will dissent from the author’s prefatory statement that: “There is need for 
a treatise on electrocardiography, for use by' the general practitioner, the medical student, 
and the specialist exclusive of the cardiologist, that they' may learn the value of the electro- 
cardiogram in tho diagnosis of cardiac disease and learn to correlate the electrocardiographic 
findings with their clinical data. To meet that need this volume lias been written.” 

The volume begins with a brief but excellent summary of tho clinical concepts of heart 
disease and arrythmias, followed by a discussion of the conduction system. The principles 
and mechanism of tho electrocardiograph are then clearly explained followed by a clear- 
cut discussion of the electrocardiogram. The remaining chapters are devoted to the clinical 
applications of electrocardiography illustrated by many graphs and tlicir interpretation. * 

It is certain that to those who read this book with care electrocardiography will cease 
to be an esoteric subject and become a useful clinical aid. 

There are few axioms more pertinent or which should bo more often emphasized than 
that which closes the discussion of the clinical concepts of disease; namely: that whenever the 
cardiovascular system of an individual is under consideration there arc four questions to be 
answered: (1) What caused tho cardiac disease? (2) What is the structural lesion? (3) How 
is the physiology changed? and (4) What are his limitations? 

This book may be recommended as presenting a very clear and practical discussion. 


A Textbook of Histologyf 


T HAT this textbook intended primarily for medical students has passed through six editions 
in eight years indicates its usefulness. 

The present edition has been thoroughly revised and to a largo extent rearranged and 
rewritten, particularly- in the sections concerning the blood, the retieuio-endothclial system, 
the endocrine tissues, striped muscle, neuroglia, nervous tissue, the reproductive systems, and 
the lymphoid organs. 

The final chapter (22 pages) presents an excellent discussion of histologie technic. 

Both as a text for the student and as a work of reference this book is of use and value 
and for these purposes it may be thoroughly recommended. 


■ *P!pctroeardiography. By C. C. Maher, M.D.. Assistant Professor of Medicine. North- 
western University. Cloth, pp. 250. 39 figures. William Wood and Co., Baltimore. Md. 

"Textbook of Histology. By Harvey E. Jordan, Ph.D.. Professor of Histology and 
Embryology? University of Virginia. Edition G, cloth, pp. 73S, 609 figures. D. Appleton-Century 
Co., New York. 
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Clinical Toxicology* 

T HE volume presents not only a comprehensive discussion of toxicology in general but 
incorporates an extensive discussion of industrial poisoning and a section on the pre- 
vention and compensation of industrial poisoning, by F. Koelscli, Director of the Bavarian 
Institute for Industrial Medicine, and a further section on the detection of poisoning, post- 
mortem, by K. Meixner, Professor of Forensic Medicine, Innsbruck. 

While small, the book is comprehensive in scope and bears the stamp of thorough ac- 
quaintance with and wide experience in its field. 

The references include material appearing as late as 1932, the American literature 
not being neglected although naturally the majority of the references are from European 
sources. 

It will somewhat surprise the American reader to find drugs uniformly mentioned under 
trade names but, appreciating this, the translators have largely throughout the text trans- 
lated these to a more familiar terminology and, in an appendix, have furnished a glossary. 

The volume may be recommended as a useful and practical addition to the reference 
library on this subject. 


A Laboratory Manual of Biological Chemistryf 


IV/ HIDE primarily intended for the medical student, Folin’s Manual for many years has 
” been a useful reference text for the clinical laboratory and needs, therefore, no intro- 
duction. 

The present fifth edition has been extensively revised to include all the modifications 
and new methods and now presents an up-to-date discussion of the subject. 

The supplement, containing a detailed description of the methods used in the examina- 
tion of urine and blood, will be of particular interest to the clinical laboratory worker because 
it presents important modifications of technic as well as new and hitherto unpublished data. 

Among the new methods are a modification of the determination of blood creatinin, and 
three new mieromethods for determinations on 0.1 or 0.2 c.c. of blood, and revision of the 
methods for the determination of sugar, nonprotein nitrogen, and uric acid. 

These newer methods, yielding results somewhat at variance with older technics, are of 
importance in this respect and workers in this field must be familiar with them. 

Of particular interest is the change in the preparation of blood filtrates for chemical 
analyses, this being prepared in this edition from unlaked blood, thus excluding the indif- 
fusible, fixed materials of the red blood cells. 

As before, this new edition of the manual will occupy the same distinguished position 
as its predecessors and may be highly recommended without reserve. 


•Clinical Toxicology; " 

Erich Leschke, Professor o. 

Stewart, lecturer in Genera . .... 

Assistant to Professor Wieland, Munich. 
Baltimore, Md. 
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EDITORIALS 


Bacon Was Right 

ID UFFETED as iie is by the battledore and shuttlecock of opposing demands, 
the doctor’s is surely one of the most paradoxical of all existences. The 
responsibilities thrust upon him by the nature of his duties certainly deserve, 
if they do not compel, opportunities for cpiiot, sober consideration — and yet his 
decisions, however momentous, must often be made upon tire spur of the 
moment and from such facts as can be gathered rapidly under stress. 

Although many an obscure and puzzling case really demands concentrated 
thought, the doctor’s leisure, such as it is, is at the mercy of every hurried 
emergenc 3 r . Many a battle against disease without doubt were best waged on a 
plan evolved after a council of war, so to speak, with leaders, experts, and 
authoi’ities marshalled from the doctor’s bookshelf, but no psychologist is re- 
quired to determine the reaction of the patient requested to wait the formula- 
tion of advice until authorities had been consulted ! 

So, it would seem, the doctor’s reading must often be done largely “on the 
run,” which, perhaps, accounts for the somewhat sorry appearance of some 


330 


331 

EDITORIALS 

, . thc volumes weak-kneed and broken-baeked 

professional ‘ 1 libraries, too man oin ne<dcet. 

with age and, alas, somewhat ivowsj °_. md Qnc may vest assured that 

The most common reply to th» * t mt oeeumd more than 

it is made more often than it « spAcn, a c lmpossib le to keep up with 
once to thc intelligent patient m , thc a iibi further it is often said 

the flood of medical literature. ^ f ^ . ephemeral literature; the up- 

1 5£ the times tomorrow; and the facts 

of o] r - ^ 

elements upon which the practice o q£ approaeh and the viewpoint 

disease— are of undoubted an 1( P > ° statl tly changing and undergoing 

from which they miist be in the light of changing concepts, 

modification, readjustmei , < w , dexstaud the mechanism involved and the 

The problem m essence s variable the individual patient, to an- 

results produced by the reaction o ^ Aad the understanding of either 

other variable, the stimuli exerted by d • ^ aUgmented by a reconsidera- 
and both is constantly hemg revised, - the forimdat ion of new 

tic of old concepts in the Ugh* or may not be justided, con- 

“ evidence ev„Kdn g from time end extended 

it i. fl»t the 

way to the more flexible publieat P of a single, circumscribed 

which present in a single volume 

problem. rUffiovAtifes for the court of lflst rosoit 3s 

Even yet, however t ^ ^ the observations of today, must run the 

recorded experience, im - must stand or fall upon cumulative expen- 

gauntlet of critical ie P thcy appe ar to be they cannot take their place 

ence. No matter how P» " t£l a reas0 nable basis for their acceptance 
in system, text or mon from the recorded observations which 

exists, and such re medieal journals, each covering a more or less 

accumulate m rn e 

restricted field. q£ tomorrow j S) after all, really a digested critical sum- 

Tlie medical - tm . e as reported in the medical journals of which the 
mary of tlae Variety -roweth apace. Verily, the physician of good intention 
number an print— and who should say offhand which of it will 

struggles m a ^ o£ kuovdcdgc and which will pass as spray blown into 

3°“ .^ n ess by the winds of time and trial? 

notlungn ^ hcard t h a t there isn ’t time to read the medical journals; that 
S ° 1 ^ scientific and report too much scientific work ( 1); that they arc not 
they are^ii” euQUg j lj and s0 ou — a iul too often it is true that those who protest 

the loudest might benefit the most. 

Xt would be impossible, of course, for anyone to read all the journals nor, 
indeed is it worth while to read always all and every page of those he does 
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open — for no man can hope to know all of medicine as it is today. Every man 
must have some compelling interest, and there are few times, indeed, when 
there will not be something he may read with interest and profit. 

Fortunately, in the abstract journals, there are available also concentrated 
surveys of the medical literature of the world which present briefly and suc- 
cinctly the meat of lengthy contributions, the facts reduced to scientific syllogisms 
as it were, indicating almost laconically the basis for the ideas advanced. It 
is almost impossible to make this literary menu all-inclusive and keep within 
reasonable bounds; it must represent, therefore, the gist of the news. 

Just what should be the basis for inclusion of an article? Some would 
have it entirely “practical” — but just what shall this mean, for who can tell in 
advance which research, which reported observation is practical and which ab- 
stract in the long run? 

There can be no doubt of the practical value of the use of liver in pernicious 
anemia, yet this only came to pass because Whipple first studied the results 
of secondary anemia in dogs and a long time elapsed before the application of 
these purely abstract and scientific studies to the treatment of pernicious anemia 
in the human being was made by Minot and Murphy. 

d’Herelle’s studies in their inception were surely rather purely “scientific” 
and apparently only of somewhat academic interest, yet who can foretell the 
eventual relation of bacteriophage to the treatment of disease? 

On the other hand, the “practical” observation of Dr. So-and-So upon the 
marvelous results of this or that method of treatment may be merely a question 
of conclusions based upon “one consecutive case”; or the result of imperfectly 
analyzed facts or imperfect or incomplete investigations. 

It is not improbable that the main purpose of what sometimes passes for 
medical “literature” is to boost sales and that often it is read because it is so 
dogmatic and so certain and requires of the reader nothing but unquestioning 
acceptance of its statements. 

The real purpose of scientific reading is twofold : to acquire information and 
to stimulate thought. 

The periodical appearance of new “cures” for cancer in the public press is 
familiar to everyone — and how can the doctor answer the questions of his 
patients on such matters unless he has some knowledge of the present status 
of cancer research ? 

Unless he is to stagnate, content to fall behind and finally to become really 
ignorant of the things he should know, the doctor must read. 

A library is only an asset when it is consulted and journals are of little use 
when stacked in dusty piles with the wrappers unbroken. If he must “read on 
the run” then let him read the abstract journals, and be it remembered that, 
whether their contents appear always and immediately “practical” or some- 
times apparently merely abstractly scientific, they are always informative, al- 
ways additions to one’s general knowledge, and many times quite useful to 
have read. At least they will always furnish something to think about. 
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Bacon was right when lie said: “Reading maketh a full man; conference 
a ready man; and writing an exact man; and, therefore, if a man write little he 
need have a great memory; if he confer little he need have a present wit; and 
if he read little, he had need have much cunning, to seem to know that he doth 
not. ’ ’ 

—R. A. K. 


Postoperative Wound Infections 


W HILE the development of infection in originally clean surgical wounds is 
no longer the bugbear it was before the days of Pasteur and Lister, its 
occurrence is not yet a rara avis, and constitutes one of the most annoying and 
distressing complications of surgery. 

Not only is it the immediate cause of prolongation of hospitalization and 
hence of increased expense, not to mention the suffering, anxiety, and loss of 
confidence in the surgeon until which it is often associated, but should the sur- 
geon be so unfortunate as to encounter a virulent postoperative infection result- 
ing in the death of the patient, the catastrophe is one almost impossible to 
explain to the satisfaction of all concerned. 

When postoperative infections occur, therefore, and especially when they 
are more than very occasional in incidence, they are at once the subject of con- 
cern and discussion and the laboratory is often requested to inaugurate a some- 
times extensive series of investigations. 

It is, of course, quite natural and human under these circumstances to re- 
gard the operating room force with a questioning eye; to inquire as to the 
methods of sterilization in force; and to discuss the advisability of an extended 
baeteriologic survey. But the consensus of experience has shown that the first 
and essential factor in the survey is not the survey and study of minutia but 
the survey of the problem as a whole. 


In other words, for the successful management of such a problem it is 
essential to know, first of all, not merely that infection is present, but to know 
its nature. The first tiling to be examined bacteriologieally should be the wound 
While this should be the invariable routine, it is especially important and mav 
often be the determining factor, when postoperative infections occur in series 
whether in the same service, m the same ward, or in a similar series of eases 

Without some definite plan of campaign the search is otherwise haphazard 
and even almost hopeless, for the possible avenues of infection are well Xh 
legion. ° 

The practical impossibility of sterilization of the skin thrrm^™* -* 
thickness is well known 1 the metastatic invasion of surgical wounds from “aX 
or cryptic foci is not unknown; and manv accidental u- l t 

may be thought of and even illustrated by JperStel 

But it is not the possibilities which should tw v 

bilitics, and what the preeminent probabilities are can onl/bf T th ,\ proba ' 
fundamental data are first collected. * ° e estl mated when 
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It is, as a rule, of little use to begin with extensive culturing of operating 
room supplies, for it is rare indeed, where dressings, instruments, or solutions 
are sterilized with intelligence and understanding of the underlying principles 
that these are at fault, and commercial products are so safeguarded and con- 
trolled nowadays that infection from this source is practically unknown. 

The place to begin is lienee the wound. When infection occurs in 
series in clean appendectomies and the organisms recovered are predominantly 
of the colon group, the inferential probability is that their implantation oc- 
curred at the time of operation. When the organisms are predominantly of 
the Streptococcus group, the possibility arises that one or more of these con- 
cerned in the operations are carriers of this group; whereas, should the Staphylo- 
cocci be in the main the offending organism, attention is directed toward the 
skin as a probable source of invasion. 

When the nature of the infection is known the trend of the investigation 
becomes somewhat more obvious and, just as in the determination of the 
potability of water the survey of the source is of equal and sometimes even more 
importance than its baetcriologic study, so here the next step should be the sur- 
vey of the operations. For in the vast majority of instances the underlying 
factor of paramount importance in postoperative wound infections is technic, 
and in its study keen observation is all that is required. 

It is natural for surgeons to disclaim responsibility for infection but never- 
theless, when it occurs, it is upon themselves and their methods that they should 
first focus attention. It is neither fair, just, nor invariably correct to place the 
burden at once upon the shoulders of the long-suffering assistant. If he be at 
fault — as sometimes lie may be — the responsibility is still the surgeon’s, not 
only for not training him properly by precept and example, but also for not 
detecting the error when it occurred. 

The leaking of skin organisms from the sebaceous glands through a punc- 
tured glove is too obvious a source of infection to be overlooked, although this 
source is occasionally sometimes neglected; and the preoperative preparation 
of the skin is seldom at fault per se. 

It is too often forgotten that bacterial invasion alone is not necessarily fol- 
lowed by infection; the tissues must be so prepared for infection as to permit 
the growth and reproduction of bacteria subsequent to invasion without which 
infection does not occur. The other factors often of determining importance, 
such as the numerical proportion of the bacterial invasion, etc., are, after all, 
of contributory importance. 

In the survey of technic, therefore, attention should be directed to other 
factors of even greater importance. 

Has anything occurred which would produce or contribute to devitalization 
of the tissues and so render them more liable to bacterial invasion? Has the 
operator or his assistant an “iron” or a “velvet” hand? Are the tissues 
manipulated gently or is pulling and tugging the order of the day? Are the 
gauze packs used to wall off the hyperemic and inflamed appendix, on removal 
dragged across the wound edges, in forgetfulness that if the intact intestinal 
wall is not impermeable to bacteria the diseased intestinal wall is still less so? 
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Was the wound dry when closed, or in the endeavor to make it so were relatively 
large masses of abdominal fat tied off with the vessels, later to necrose and 
form a fertile field for the skin organisms swept out from the relaxed skm of 
the perspiring patient? 

These — and many more — are all of importance and may be determined 
without culture flasks or tubes. That they should be studied first of all is often 
indicated, as already suggested, by the original study of the nature of the 
infection. 

It is well, of course, to survey methods of sterilization and so on, but it is 
better to survey operating technic for the answer will most often there be 
found. 

Infection can be prevented — but its prevention requires cooperation, team- 
work, and, strange as it may seem, not infrequently the legitimate use of a little 
imagination. 

— B. A. IC. 


ITEM 


The American Association for the Study of Goiter 

The American /Association for the Study of Goiter again offers the Van Meter Prize 
Award of $300 and two honorable mentions for the best essays on the subject of goiter 
provided they meet the standards of the award committee. The essays should be based on 
original research work on the subject of goiter, preferably its basic cause. The prize 
essay or its abridgment is to be presented at the annual meeting of the Association to be 
held in Salt Lake City, Utah, in June, 1935. 

Competing manuscripts should be in the hands of the Corresponding Secretary, W. Blair 
Mosser, M.D., Kane, Pa., not later than April 1, 1935. 

The first prize of $300 for the 1934 meeting was awarded to M. A. B. Brazier, Ph.D., 
B.Sc., London, England, for her essay, 1 ‘ The Impedance Angle Test for Thyrotoxicosis. ’ ’ 

Pirst honorable mention was awarded Prof. Ugo Cerletti, Genoa, Italy, for his essay, 
“Three Years of Experimental Research in the Etiology of Endemic Goitre, “ 

Second honorable mention was awarded L>. Roy McCullagh, M.D., Cleveland Clinic, 
Cleveland, Ohio, for his essay, ‘ ‘ Studies in Blood Iodine Using a Now Chemical Method. ’ ’ 


Erratum 

In the article by Vrs. Graham and Randles in the October issue of the Journal 
Pig. 1, which appears on page 91, is up-side down. ‘ ’ 



CORRESPONDENCE 


Gauging the Dose of Insulin 


' r' HE article entitled “Gauging the Dose of Insulin , ” in the August issue of the Journal 
or Laboratory and Clinical Medicine, was of considerable interest because of the 
similarity in approach between Dr. Glassberg’s calculations and those used by Dr. Henry 
Larson of our staff during the past year. 

Approximately one year ago, Dr. Larson was interested in deducing the maximum dosage 
of insulin which could be safely given at one time to any diabetic, taking proper considera- 
tion of the weight and blood sugar of the patient. The formula derived does not have to 
be corrected by any factor such as is necessary with that of Dr. Glassbcrg. 

According to Peters and Van Slyke, Quantitative Clinical Chemistry, Volume 1, 1932, 
page S2, the maximum amount of glucose in the body tissues is not over 50 grams, in a 
normal adult weighing 70 kilos, or 150 pounds. This represents a blood sugar of 100 mg. 
per cent. Since the total glucose in the body will vary directly as the weight of the body 
in pounds divided by three, and directly as the blood sugar, the following formula will rep- 
resent the number of grams of glucose in any body: 

A / Bff , BS 1 where B\V represents weight in pounds 

' 3 100 ' BS represents patient ’3 blood sugar. 

BW 

By subtracting — - — from Formula A, one arrives at the number of grams of excess glucose 
o 

which have to be metabolized by the insulin administered: 

^ /BW . BS\ _ BW 

' ' 3 100/ 3 

Instead of dividing Formula B by 2, as is suggested in Dr. Glassberg’s article, it would 
be safer to use the factor 2.5, since at its maximum efficiency, 1 unit of insulin can take 
care of 2.5 grams of glucose. 

The formula then reduces to: 


/BW . BS ^ BW 

V 300 > 3~ , BW (BS-100) 

— equals ^0 


equals total safe units of insulin. 


It is fully realized that the contraindications such as myocardial damage or coronary 
disease are to be scrupulously observed. As Dr. Glassberg remarks, diabetes cannot be 
treated merely by formula, since other factors, particularly concurrent infection, decrease 
the efficiency of insulin and require special consideration. Another point worth mentioning 
is the fact that insulin shock may result with a blood sugar above 100 mg. per cent; and 
that apparent comfort may exist with a blood sugar below 100 mg. per cent. 

The physician may not wish to reduce the blood sugar to 100 mg. per cent. As a 
matter of fact, when one is dealing with diabetes of long standing, and the patient presents 
himself with a very high blood sugar, it might be more expedient to reduce it to 200 or 
150 mg. per cent. The chronic diabetic feels more comfortable at such a level. In such a 

case if one subtracts 2 or 1% times — — respectively, and divides the result by 2%, the 

3 

quotient will represent the number of units of insulin required. 

The above formulas are suggested merely as a guide for the use of insulin particularly 
in cases of real or imminent diabetic coma. In our hands it has proved safe and satisfactory, 
and the premise is based on the classic work of Peters and Van Slyke. 

Attilio F. Galasso, M.D. 

October 8, 1934 
Morristown, New Jersey 
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S INCE the introduction of the AVassermann test, the serologic diagnosis of 
syphilis has become a field that has attracted the interest of many workers 
and as a result of this there is a voluminous literature on the subject. One point 
which this mass of work has served to have emphasized is the fact that a certain 
degree of uniformity obtains in all of the various tests for syphilis, so that 
despite the many modifications of the original AVassermann reaction, and even 
subsequent variations, there is a close agreement between the serologic findings 
obtained by the various methods (technical proceedings). Because of this close 
agreement, it is generally accepted that the results of a blood serum test for 
syphilis is quite accurate, regardless of the method employed for the determine 
tion. Moreover, if the testing is done by well-trained technicians it is very nn" 
likely that errors m diagnosis will occur except to a very limited extent A, 
these statements constitute common knowledge it is felf h, * , As 

further substantiation. ° C * 13 Mt that th( V call for no 

Another belief which is quite generallv 1 ,«li l, ^ 
from positive to negative or vice versa indiWp W ^ ° lan . ge m tlie serology 
tration of the syphilitic antibodies Moreover S ^° mC 2 tei ’f tlon 111 tlle concen- 

_ 0 'rom the Kankakee State HospH,, ‘ , ’ ““ ^ ™ * 

State Psycho- 
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disease process of a chronic progressive clmraeter, changes in the serology ought 
to lie gradual, and quite uncommon in the absence of specific treatment. In 
those cases in which treatment is instituted, the changes in the serology are 
gradual, sometimes a period of years being required for a reversal from positive 
to negative findings. One of us (K. T. II .) 1 has elsewhere reported the occur- 
rence of such similar changes in untreated syphilis, but in these instances lengthy 
periods of time had elapsed between the recording of the first positive test for 
syphilis, and the final negative test. 

Thu purpose of the present study was to determine if reversals of the 
serology occurred over long or short periods of time. The results of the study 
indicate that in certain eases there occurred marked changes in the serology 
over short periods of time, measured in terms of days. As far as it has been 
possible to determine, no similar study has appeared in the available literature. 
True, there are many reports of a single series of cases, but in these the object 
has been a comparison between methods to establish correlation between dif- 
ferent methods. Also comparisons have been made over lengthy periods, and 
following untisyphilitic treatment. 

As is well known, definite variations are found in t he blood serology in cer- 
tain eases of syphilis as a sequel to treatment. Thus in a group of patients 
having strongly positive serologic evidence of syphilis before treatment, some 
will show a lessening of the strength of the reaction, and it will be recorded in 
accordance with common usage as three-plus, two-plus, one-plus, and negative. 
If the group showing these changes is given a rest period, a certain percentage 
will have a four-plus reaction, while some will be negative, after some months. 
These observations are common, but they have been made usually on single and 
not on consecutive blood samples. 

Since, as was already stated, the methods of determination are standard- 
ized, and carried out by trained technicians, the results are quite accurate, and 
it follows that if changes are observed, they are due to other factors than those 
inherent in the determination itself. All the determinations in this work were 
made using the Wassermann and Kahn tests (Craig modification) on the same 
sample of blood. Koutiue qualitative determinations such as are usually made 
for ordinary work, were carried out on consecutive samples for a definite length 
of time. All of this technical work was done by Mr. DeLester Saekett. Because 
of this, all samples wore handled in a uniform manner. The same bateh of 
reagents, i.e„ antigen, for every test was used, so that changes would be caused 
by the specimen and not the reagent. 

For the purpose of tins study, white male patients afilieted -with general 
paralysis in varying stages of the disease were selected. The only requirements 
were, first , that, the patient had showed positive serologic evidence of syphilis 
on admission <o ‘he Kankakee State Hospital; second, that he had received 
no form < for at least six months prior to this work; third, that the 

and last, but quite important, that the patient 

vithdrawn in a uniform maimer, on every 
nring the course of the study, between the 
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hours of S -.30 and 9 -.30 a.m. The serum was collected on the same day on which 
the blood was withdrawn, and the next day it was sent to the State Psychopathic 
Laboratory. 

The ages of the patients ranged from thirty to sixty years. All were free 
from other physical conditions which might affect the serology. Originally 
ten patients were selected, but as five of these had negative Wassemann and 
Kalin reactions on the blood sera on each of the first seven determinations, they 
were excluded from further participation in this study. In their place five other 
patients were chosen on the basis on which the first ten patients were selected. 

In order to demonstrate the results, the fifteen patients are grouped in 
three classes as follows : 

1. Five patients on whom both the blood 'Wassemann and Kalin reactions 
were negative. 

2. Seven patients who showed rather striking variations in both the Wasser- 
mann and Kahn reactions. 

3. Three patients who had strongly positive Wassemann and Kahn reac- 
tions on all determinations. 


GROUP i 
Table I 


This Table Includes Both the Wassekmann and Kahn Reactions 




PATIENT 

IDENTIFICATION 

NUMBERS 



DATE, 1934 

I 

n 

III 

IV 

V 



A.B. 


a.B. 

J.R. 

M.F. 


January 

Keg. 






14 

15 

Keg. 

Keg. 

Keg. 

Keg. 


1G 

17 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 


18 

M 

Keg. 

Keg, 

Keg. 

Keg. 

Keg. 


20 







21 

22 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 


23 

24 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 


25 

26 

Keg. 

Keg. 

Keg. 

Neg. 

Keg. 


27 







28 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 



Thus the five patients in this group had consistently negative Wassemann 
and Kahn reactions on their blood sera in seven determinations, taken in a 
period of two weeks. 

group n 


In order better to show the variations, the results on the seven patients 
comprising tins group are placed in two tables; the first (Table II) shows the 
variations in the Wassermanu reaction, and the second (Table III) the dianmw 
in the Kahn reaction on the same seven patients. ' 

It is believed that the changes shown in Tables II and III of Group II arc 
significant, and are worthy of further study. rn, -~ • - - ^ 

selves is evident, and needs no comment. 


Tiie extent of the changes them- 



340 


THE JOUUNAI, OK EAUORATOHY AN'I) CldXICAE MEDICINE 


DATE, 193-1 


Table II 

Wasskumanw' Variations 


vi vir 

J.M. M.K. 


VIII 

r.w. 


ix x 

V.K. G.T. 


XI 
II. K. 


XII 

L.1I. 


January It 
15 
15 
17 
IS 

19 

20 
21 
23 
23 
21 
25 
20 
27 
2S 
29 


March 


10 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
1 


+ 4 + 


4 + 4 


4 + 


30 


4 + 

4 + 

_ 

4 + 4 + 

4 

4 + 

31 

February 1 

+ 

4 

4 


+ 4+4 

4 + 4 4 

— 

O 

3 

4 








5 

0 



4 + 


4 

+ 4 + 4 

_ 

7 

S 

± 

+ 4 + 

4 + 


+ 

+ + + + 

— 

9 

10 

11 

+ + + 




4 + 4-4 

+ + + + 


12 

13 



_ 

+ 



4 

— 

14 

15 


4 4 

4 4 

m 

4 4 + 

+ + + + 



+ + + + 
4 + 44 
44 4 4 

4 + 4 + 
+ + + + 
4 4 4 4 


+ 4 
4 + 


GROUP m 

The results in this group are placed in a single table (Table IY) ; the first 
three figures on the left show the Wassermann, and the remaining three columns 
show the Kahn variations. 

The foregoing may be summarized by saying that there can be no doubt 
that all the patients in this study had on admission to the Kankakee State 
Hospital positive neurologic, mental, and laboratory findings of general paral- 
ysis, and hence all had at one time had syphilis. Further, all of the patients had 
been given some form of treatment, and in some, there resulted a reversal of 
the laboratory findings from positive to negative. In others the serologic find- 
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Table HI 
Kahn Variations 


DATE, 1934 

"January 14 
15 
10 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

February 1 
o 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

March 1 


VII 

M.K. 

+ + + + 
4444 
444 


X 

G.T. 

4444 

+ 4- + + 

4444 


- 

+ + 

- 4444 



44 

4- + 

4444 



44 

4- 4 4" 

- 4444 



4 4 4 4 

+ 4 4* 

4444 



4 4 4 4 

4 4 + 

— 4 4 4 4 

+ 4 + 4 

4 + 4 

4 4 4 4 

4-4 4 

— 4 4 4 4 

4 + 44 

+ 44 

444 

4 

_ 4 4 4 4 

4 

4 4 + 

44 

+ + 4” 

4444 

4 4 4 4 

+ + + 

4444 

+ 4 + 4 

— 4 4 4 4 

4 4 4 4 

4 4 4 + 

44 

4 + 4 

4444 

44 + 4 

4 + 44 



_ 4 4 4 4 

+ + + + 

4- 4* 4- 4 

4 4 4 4 

4 4 4 4 







4 + 4 + 

+ 44 + 


++++ t ++ 
+4+4 44 

4444 444 

4444 444 

4444 44 

4444 4444 


remained positive, and in still others there was noted a marked variation. 
• forest lies in the group comprising those patients on whom were noted 

x XlC ****■ . . * i ii /» ... it. _ U- 2x 


variations m 


the serologic reactions. Apparently from the results, it is quite 


... £ or a patient to have a four-plus Kahn or Wassermann on one day, and 
a few days later to have negative reactions. 

Since it was believed that the variations were due to changes in the serum, 
and not due to laboratory error, an explanation was sought for in the organism 
itself Since syphilis is a chronic pz-ogressive disease process, it does not seem 
reasonable to believe that the activity of the process underwent such rapid and 
marked changes. Hence it was thought that there were other factors which 
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underwent rapid changes, and in that way influenced the serology. On the 
basis of past work dealing with the effect of meteorologic changes on the organ- 
ism, one of us (W. P. P.) has noted a close relationship between these changes, 
and the activity and physiologic functions of man. In order to establish the 
presence or absence of a correlation between the serologic variations and 
meteorologic changes, the meteorologic state has been compared with the sero- 
logic variations as follows: Thus, from January 13 to 17 there occurred a polar 
infall with a rising barometer. This episode is labeled 1 and 2 over the baro- 
graph. In Patient X the Wassermann reaction became positive on the fourteenth 
and eighteenth, i.e., immediately after the maximum of each meteorologic event. 
Patient IX became positive (Wassermann one-plus, Kahn four-plus) on the 
eighteenth. Patient VIII became positive to both the Kahn and Wassermann 
on the fourteenth and sixteenth. Patient VII had a positive Kahn on the 
seventeenth, and Patient VI became doubtful with Wassermann on the sixteenth 
and eighteenth, doubtful Kahn on the fourteenth, and one-plus Kahn on the 
sixteenth and eighteenth. 

Prom January 23 to 26 two polar infalls occurred in rapid succession 
(labeled 3 and 4 on the barograph). In Patient X a doubtful Wassermann. was 
recorded on the twenty-fifth. In Patient IX there was no alteration. In Patient 
VIII the Wassermann was unaltered, but the Kahn was increased on the twenty- 
fifth. In Patient VII the Wassermann became doubtful on the twenty-fifth 

Table IV 

WASSERMANN ~~ KAHN 


DATE, 1934 

XIII 

J.B. 

XIV" 

L.C. 

XV 

J.W. 

XIII 

J.B. 

XIV 

L.C. 

XV 

J.W. 

January 30 

31 

February 1 

2 

++ + + 

4444 

++++ 

4 + 4 4 

4444 

+ + *r + 

+ + + + 

4444 

++++ 

4444 

-f + + 

4444 

3 

4 

++ + 

444 4 

++++ 

4444 

444 

T + 4* + 

G 

7 

8 

9 

10 

11 

++ + + 

+ 444 

++++ 

4444 

4444 

44 + 4 

4444 

4444 

•f + + + 

•f + + + 

4444 

4444 

+ + + + 

4444 

+++ + 

4444 

4444 

+ + + *f 

12 

13 

+ + + + 

+ + + + 

++++ 

4444 

4 + 44 

4444 

14 

15 

+ + + + 

+ + + + 

++++ 

4444 

4444 

+ + + + 

1G 

17 

IS 

+ + + 

+ +• *f 

++++ 

+ 444 

•f -M* + 

+ + + + 

19 

20 

4444 

H — f - *1 — 

++++ 

4444 


44444 

21 

22 

+ + 4* 4* 

++++ 

++++ 

4444 

+ + 

4444 

23 

24 

25 

++++ 

++++ 

4 + + + 

+ + + + 

444 

44 + 4 

26 

27 

+ + + 

++++ 

4 + 44 

4444 

-f-+ + + 

4444 

28 

March 1 

4444 

4" f + + 

+ + + *f 

44+4 

4444 

444 4 
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and the Kahn became positive on the twenty-third and twenty-fifth, and in 
Patient VI the Kahn became doubtful on the twenty-fifth. 

A major polar infall began on the twenty-eighth 5 and reached maximal ex- 
tent on the twenty-ninth and thirtieth of January with zero weather. Patient 



XI had a two-plus Wassermann on the thirtieth, Patient X had a four-plus 
Wassermann on the thirtieth, and on February 1 Patient IX m lrl n , 
Patient VIII had a two-plus Wasscimann on tlTe thirtieth and T u ’ 

f „„. Patient VII had a f„„r-p, os Kahn on ai“th Z” T °° 

on the thirtieth, and a four-plus on the first He had\ +° ? T a tW0 ' pIu5 

on .ho ana a ono.pL on ZS' 
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sermann and Kahn on the twenty-eighth, one-plus Wassermann on the thirtieth 
and first, and a one-plus Kahn on the twenty-eighth, and a two-plus on the 
first. 

The next great disturbance followed in the form of three polar infalls that 
culminate in unusually high barometric pressure. These episodes have been 
labeled 6, 7, and 8. The reaction in Patient XI was unaltered, Patient X had a 
one-plus Wassermann and a doubtful Wassermann on the sixth and eighth. 
The reaction in Patient IX was unaltered, and Patient VIII developed a two-plus 
Wassermann and a four-plus Kahn. Patient VII had a three-plus Wassermann 
on the eighth, and a four-plus Kahn at the same time. Patient VI developed a 
doubtful Wassermann and a two-plus Kahn on the eighth. Probably as a de- 
layed reaction to the stimulus we found the positive Wassermanns of Patients X, 
IX, and VI on the eleventh. 

A series of less intense meteorologie changes now followed with polar infalls 
numbered 9, 10, and 11. In Patient XI the effects could be readily followed be- 
cause the observations were continued and each polar infall was associated with 
a change in the serologic reaction. 

It is not our purpose at this time to enter into a discussion of the mechan- 
isms here involved, since the study is part of related observations in other 
field; 2 we wish merely to call attention to the fact that even such seemingly 
certain serologic reactions as those of syphilis are subject to the constant biologic 
tide as it is conditioned by the meteorologie environment. In later studies we 
shall present further details. 

Chart I shows in detail the facts just discussed. The chart shows the 
changes in the barometric pressure, and external temperature during the period 
from January 13 to March 1, 1934, inclusive. The dotted line indicates the 
various temperature changes. This includes the maximum and minimum tem- 
perature readings. It so happens that the maximum readings occurred during 
the day, and the minimum occurred during the night. The heavy shaded line 
shows the changes in the barometric pressures. The figures on the left hand 
side indicate the readings in inches of mercury. Above the barograph, are 
number episodes which have been compared with the serologic variations. 

CONCLUSIONS 

1. A single blood Wassermann or Kahn test, if negative, means little or 
nothing as far as ruling out syphilis is concerned. 

2. There occurs in some individuals having syphilis rather striking varia- 
tions in the serology, and these variations take place in terms of days. . 

3. In those cases where variations occur, there seems to be no absolute 
agreement between the Wassermann and Kahn tests. 

4. It is believed that the valuations in the serology are conditioned by 
meteorologie changes. 
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CREATININE CLEARANCE DURING THE HYPERTHERMIA OF 
DIATHERMY AND FEVERS* 


William II. Grant, M.D., and Grace Medes, Ph.D., Minneapolis, Minn. 

A LTHOUGH Bieter (1933) observed that rate of blood flow to the glomerulus 
L and rate of glomerular filtration in a frog’s kidney perfused by Richard’s 
method, were increased by heating the afferent artery, the effects of general 
systemic hyperthermia have been a subject of some disagreement. McIntosh 
and Reimann (1926) found that out of 13 cases of pneumonia, 9 patients showed 
renal hyperfunetion as demonstrated by the phenolsulphonephthalein test and 
the urea concentration index, while 4 showed a moderate depression. In a review 
of the literature dealing with renal function in pneumonia, these authors found 
that out of 6 investigators, 3 reported impairment of kidney function, 2 reported 
absence of function and one emphasized the occurrence of renal hyperfunetion. 
Goldring (1931) in acute rheumatic fever, found urea clearances more elevated 
than the highest normal values. Ambard (1920) lowered the temperatures of 
dogs by wrapping their shaved abdomens in ice and found the uremic debit and 
the ureo-secretory constant lowered. 

In view of the discrepancies of these findings, we have studied (A) creat- 
inine clearances in dogs during the hyperthermia produced by diathermy and 
(B) creatinine clearances in patients with fever caused by infection to deter- 
mine (A) the effect of general systemic hyperthermia on creatinine clearance 
and (B) the extent to which any changes observed in infectious fevers may be 
referred to the elevation of body temperature. 

experiments 

A. Hyperthermia of Diathermy . — For the diathermy experiments male dogs 
varying from 13 to 21 kg. body weight were employed. No anesthetic was used, 
the dogs having been previously trained to lie quietly throughout the procedure, 
strapped to a dog board in a comfortable position. The technic of the test was 
the same as that described by Rehberg (1931) for clinical use, except that 2 gm. 
of creatinine dissolved in 10 to 15 c.c. of warm saline solution were injected into 
the saphenous vein before starting. The dogs were then given 250 c.c. of warm 
water by stomach tube to ensure adequate diuresis. All urine was taken by 
catheter and the bladder washed repeatedly with warm saline solution until the 
washings were clear. 

The type of diathermy apparatus employed was described by Hemingway 
and Stenstrom (1932). The electrodes which consisted of two eopper-mesh 
plates attached to thick pieces of cotton padding, were soaked in 1 per cent saline 
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sermann and Kahn on the twenty-eighth, one-plus Wassermann on the thirtieth 
and first, and a one-plus Kahn on the twenty-eighth, and a two-plus on the 
first. 

The next great disturbance followed in the form of three polar infalls that 
culminate in unusually high barometric pressure. These episodes have been 
labeled 6, 7, and 8. The reaction in Patient XI was unaltered, Patient X had a 
one-plus "Wassermann and a doubtful Wassermann on the sixth and eighth. 
The reaction in Patient IX was unaltered, and Patient VIII developed a two-plus 
Wassermann and a four-plus Kahn. Patient VII had a three-plus 'Wassermann 
on the eighth, and a four-plus Kahn at the same time. Patient VI developed a 
doubtful Wassermann and a two-plus Kahn on the eighth. Probably as a de- 
layed reaction to the stimulus we found the positive Wassermanns of Patients X, 
IX, and VI on the eleventh. 

A series of less intense meteorologic changes now followed with polar infalls 
numbered 9, 10, and 11. In Patient XI the effects could be readily followed be- 
cause the observations were continued and each polar infall was associated with 
a change in the serologic reaction. 

It is not our purpose at this time to enter into a discussion of the mechan- 
isms here involved, since the study is part of related observations in other 
field; 2 we wish merely to call attention to the fact that even such seemingly 
certain serologic reactions as those of syphilis are subject to the constant biologic 
tide as it is conditioned bj r the meteorologic environment. In later studies we 
shall present further details. 

Chart I shows in detail the facts just discussed. The chart shows the 
changes in the barometric pressure, and external temperature during the period 
from January 13 to March 1, 1934, inclusive. The dotted line indicates the 
various temperature changes. This includes the maximum and minimum tem- 
perature readings. It so happens that the maximum readings occurred during 
the day, and the minimum occurred during the night. The heavy shaded line 
shows the changes in the barometric pressures. The figures on the left hand 
side indicate the readings in inches of mercury. Above the barograph, are 
number episodes which have been compared with the serologic variations. 

CONCLUSIONS 

1. A single blood Wassermann or Kalin test, if negative, means little or 
nothing as far as ruling out syphilis is concerned. 

2. There occurs in some individuals having syphilis rather striking varia- 
tions in the serology, and these variations take place in terms of days. . 

3. In those cases where variations occur, there seems to be no absolute 
agreement between the Wassermann and Ivalin tests. 

4. It is believed that the variations in the serology are conditioned by 
meteorologic changes. 
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A LTHOUGH Bieter (1933) observed that rate of blood flow to the glomerulus 
^ and rate of glomerular filtration in a frog’s kidney perfused by Richard’s 
method, were increased by heating the afferent artery, the effects of general 
systemic hyperthermia have been a subject of some disagreement. McIntosh 
and Reimann (1926) found that out of 13 cases of pneumonia, 9 patients showed 
renal hyperfunction as demonstrated by the phenolsulphonephthalein test and 
the urea concentration index, while 4 showed a moderate depression. In a review 
of the literature dealing with renal function in pneumonia, these authors found 
that out of 6 investigators, 3 reported impairment of kidney function, 2 reported 
absence of function and one emphasized the occurrence of renal hyp erf unction. 
Goldring (1931) in acute rheumatic fever, found urea clearances more elevated 
than the highest normal values. Ambard (1920) lowered the temperatures of 
dogs by wrapping their shaved abdomens in ice and found the uremic debit and 
the ureo-secretory constant lowered. 

In view of the discrepancies of these findings, we have studied (A) creat- 
inine clearances in dogs during the hyperthermia produced by diathermy and 
(B) creatinine clearances in patients with fever caused by infection to deter- 
mine (A) the effect of general systemic hyperthermia on creatinine clearance 
and (B) the extent to which any changes observed in infectious fevers may be 
referred to the elevation of body temperature. 

experiments 

A. H yperthennui of Diathermy . — For the diathermy experiments male dogs 
varying from 13 to 21 kg. body weight were employed. No anesthetic was used, 
the dogs having been previously trained to lie quietly throughout the procedure, 
strapped to a dog board in a comfortable position. The technic of the test was 
the same as that described by Reliberg (1931) for clinical use, except that 2 gm. 
of creatinine dissolved in 10 to 15 e.c. of warm saline solution were injected into 
the saphenous vein before starting. The dogs were then given 250 c.c. of warm 
water by stomach tube to ensure adequate diuresis. All urine was taken by 
catheter and the bladder washed repeatedly with warm saline solution until the 
washings were clear. 

The type of diathermy apparatus employed was described by Hemingway 
and Stenstrom (1932). The electrodes which consisted of two copper-mesh 
plates attached to thick pieces of cotton padding, were soaked in 1 per cent saline 
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solution and applied to the shaved sides of the thorax and abdomen of the 
dogs. These pad-eleetrodes were kept moist with saline solution throughout the 
experimental period. 

At the beginning of the test the dog’s rectal temperature was taken. The 
electrodes were then connected to the diathermy machine and the current turned 
on. Medium voltage and a current ranging between 1,000 and 2,000 ma. were 
used. The dog was covered with a blanket to prevent excessive heat loss and 
when the temperature was elevated from 0.8° to 1.5° G., a process requiring 
upward of ninety minutes, the test was begun. Four dogs were employed and 
6 to 8 experiments made on each dog, 3 or 4 at normal temperature (control 
periods) and a similar series using diathermy. Best periods of several days were 
allowed between tests. 

B. Hyperthermia in Fevers of Infectious Origin . — Patients with hyper- 
thermia (any temperature above 37.2° C.) were tested by Rehberg’s method, 
both during the febrile period and after their temperatures had become normal. 

RESULTS 

Filtration and Temperature . — The results of the diathermy experiments are 
given in Table I. There was in each ease an increase in the creatinine clearance 
during diathermy, but no correlation between the average number of degrees 
the temperature of the different dogs was raised and the increase in their 

Table I 

Results or Diathermy Experiments on 4 Dogs, Giving Glomerular Fii.tkations (Creat- 
inine Clearances) With Rectal Temperatures (1) Beeore and (2) During the Tests. 
Bach Figure in the Table Represents the Average op the Findings op 3 or 4 Separate 
Experiments With Intervals op About 3 Days Between Tests 


do a 

BODY 

WEIGIIT 

KG. 

NO. 

TESTS 

DIATHERMY 

temperature 

1 2 
“o. ° c. 

filtration 

C.C./MIN. 

i 

16.0 

3 

Without 

39.1 

39.1 

78.7 



3 

With 

39.2 

39.S 

94.5 

2 

13.2 

3 

Without 

3S.3 

3S.3 

36.6 



4 

With 

3S.6 

39.6 

78.6 

3 

20.9 

4 

Without 

39.2 

39.2 

79.2 



4 

With 

39.1 

40.1 

94.0 

4 

15.5 

4 

Without 

38.6 

3S.7 

60.0 



4 

With 

3S.9 

40.0 

75.5 


creatinine clearances. Thus, Dog 1, with an average elevation of temperature 
of 0.6° C. had an average increase in filtration of 15.8 c.c. per minute, while 
Dog 2, with an average rise in temperature of 1° C. had an increase in filtration 
averaging 42 c.c. per minute. There was, however, a correlation between the 
two factors in each individual dog. For instance, three tests with diathermy 
were made on Dog 1, with increase in temperature of 0.3°, 0.7° and 1.1° C., 
respectively, while the corresponding filtrations increased S.S, 13.1, and 25.6 
c.c. per minute. These findings are similar to those of Medes and Herrick (1933) 
for the relation between blood flow to the kidney and creatinine clearance, where 
a general parallelism was found to exist between the two phenomena in each in- 
dividual dog, although the same close relationship did not hold between the 
clearances and blood flow in different dogs. 
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The results of the experiments with fever due to infection are given in 
Table II. There was no indication of a general increase or decrease in kidney 
function when the temperature was moderately elevated. However, in every case 
studied in which the temperature was raised to 38.9° 0. or above there was in- 
creased filtration. In those cases (Cases 4, 6, 7, 11, 13) in which there was the 
greatest increase in kidney function during hyperthermia, the elevation in tem- 
perature ranged from 1.0° to 2.3°. In the three cases of pneumonia (Cases 1, 
14, 15) the filtration was increased during the period of fever. 

Table II 


Temperatures, Blood Pressures and Glomerular Filtrations (Creatinine Clearances) 
of 15 Patients (1) During and (2) Following Fevers of Infectious Origin 


PA- 

TIENT 

CLINICAL DIAGNOSIS 

AGE 

YR. 

TIME 

BET. 

TESTS 

DAYS 

tempera- 
ture ° c. 

1 2 

BLOOD PRESSURE 
MM. HQ 

1 2 

filtration 

C.C./MIN. 

1 2 

i 

Bronchopneumonia 
Agranulocytic angina 

47 

6 

38.3 

36.9 

100/ 68 

96/ 66 

146.9 

90.4 

2 

56 

13 

39.0 

36.7 

116/ 64 

96/ 60 

262.2 

73.1 

3 

Pyelonephritis, cystitis 

22 

-10 

38.9 

36.6 

140/100 

108/ 76 

187.4 

124.5 

4 

Neurosypliilis, malarial 
fever 

56 

12 

38.6 

36.9 

110/ 65 

104/ 60 

186.5 

142.3 

5 

Cardiorenal nephritis 

45 

6 

37.8 

36.9 

170/140 

162/128 

63.3 

77.4 

6 

Sexual neurasthenia 

22 

6 

38.2 

37.0 

136/ 84 

124/ 80 

176.6 

102.1 

7 

Hypertension, cardiac de- 

56 

6 

38.1 

37.1 

164/ 84 

154/ 90 

132.8 

19.6 

8 

compensation 

Pleurisy with effusion 

49 

6 

38.7 

37.0 

134/ 86 

120/ 74 

67.9 

110.2 

0 

Polyarthritis 

20 

10 

38.3 

36.6 

100/ 80 

115/ 80 

120.8 

166.4 

10 

Diphtheria 

Hodgkin’s disease 

27 

7 

38.1 

36.3 

124/ 80 

110/ 80 

155.8 

173.6 

11 

60 

22 

38.3 

36.9 

104/ 60 

96/ 58 

236.6 

107.5 

12 

Chronic nephritis, dermatitis 

29 

7 

37.9 

37.0 

126/ 64 

124/ 64 

69.0 

77.4 

13 

Chronic cholecystitis 

31 

8 

37.9 

36.7 

130/ 80 

102/ 68 

144.2 

92.5 

14 

Lobar pneumonia type III 

24 

13 

40.5 

36.8 

130/ 72 

120/ 70 

545.2 

174.0 

15 

Hypertension 

32 

15 

38.9 

36.9 

132/ 96 

126/ 92 

222.6 

132.1 


As in the diathermy experiments, the differences in the filtrations during 
hyperthermia and after the temperatures had subsided to normal, bore no definite 
relation to the differences in temperature. For instance, Case 4, with a differ- 
ence in the temperature of 1.7°, showed only a decrease of 44 c.c. per minute in 
the filtration, while Case 7, with a difference of but 1°, decreased 113 c.c. per 
minute in filtration. 


Filtration and Body W eight . — It has previously been shown by Medes and 
Berglund that there is no correlation between body weight and rate of glomerular 
filtration in adult human beings under the conditions of Rehberg’s test. That 
such a general relationship holds for large groups, however, may be seen by com- 
paring the filtration per kilo body weight of man and dogs at approximately 
the same body temperature. For this purpose the filtration rates of dogs at 
normal temperatures (range from 38° to 39.4°, average 3S.S°) may be "com- 
puted with the rates of patients with infectious fevers (range from 37.8° to 40 5° 
average 3S.7°). The average filtration rate per kilo of body weight for the do^s 
was 3.9 c.c. per minute and for the patients 3.1 c.c. per minute. The same 
patients at normal temperature (36.S°) had an average filtration rate of 1.8 
c.c. per minute per kilo body weight, and the dogs during diathermy (average 
temperature, 39.9°) had filtration rates of 5.2 c.c. per minute. Medes and 
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Berglund, in the study mentioned above, found an average filtration rate per 
kilo body weight of 2.4 in sixty normal medical students. Had a group with this 
filtration rate been subjected to a rise of temperature similar to that of the 
patients, it seems probable that a value more nearly approaching the 3.9 found 
on dogs would have been obtained. 

The increase in the rate of filtration for each degree rise in body tempera- 
ture varied considerably and showed no constant relation to body weight. Thus, 
Dog 2, which weighed 13.2 kg., had an average increase of filtration per degree 
rise in temperature of 42 c.c. per minute, whereas the heaviest dog (weighing 
20.9 kg.) had a rise in its creatinine clearance of only 14.S c.c. per minute per 
degree elevation of body temperature, and for Dog 4, weighing 15.5 kg., the cor- 
responding increase in filtration was 14.1 c.c. per minute. The average increase 
in filtration for each degree rise in temperature found in sixteen experiments 
on the dogs was 10 e.e. per minute, a rise of 2S per cent. The corresponding 
average increase in the patients was 25.7 e.e. per minute, an increase of 23 
per cent. 

The striking agreement in filtration rates per unit body weight at approx- 
imately the same temperature in dogs and man, together with the agreement 
in the percentage increase in filtration per degree rise in temperature, in- 
dicates that in measurements of filtration we are dealing with a process funda- 
mentally related to body metabolism. 

Filtration and Blood Pressure . — Modes and Beilis (1933) showed a direct 
relationship between blood pressure in the renal artery and glomerular filtra- 
tion in dogs, as measured by the creatinine clearance test. Nine of our cases 
of fever due to infection in which there was some increased filtration during 
fever also showed some increase in the blood pressure during this period (Cases 1, 
2, 3, 6, 7, 11, 13, 14, 15). Patient 5 who showed renal impairment during both 
tests, had a slightly lower clearance during hyperthermia than after, while the 
blood pressure was slightly higher during hyperthermia. Case 9 showed both 
a decreased filtration and blood pressure during hyperthermia. Since this case 
was in a single class a short history is given : female, aged twenty, entered the 
hospital two weeks postpartum suffering with an acute polyarthritis. The usual 
kidney function tests were within normal limits. The Rehberg test was also 
normal, showing a filtration of 120.9 c.c. per minute. The temperature at the 
time of the test was 3S.3° while the blood pressure was 100/S0. Ten days later 
when the temperature had dropped to 36.6° the test was repeated. At this time 
the filtration was found to be 166.4 c.c. per minute, while the blood pressure 
was 115/SO. The findings in this case conform to the work of Janney and 
Walker (1932) who concluded from a water diuresis test that there is generally 
a decreased kidney function at the time of delivery, and that this kidney function 
gradually increases postpartum until it again reaches its normal value. 

Ellis and Weiss (1933) studied IS cases of arterial hypertension by the 
Rehberg test. Out of this series 13 showed normal results, two showed slight 
reduction in function, while three showed marked reduction. No mention of 
temperature was given in their report. Two of the cases studied in our series 
had hypertension (Cases 5 and 7). Case 5 remained below normal during both 
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tests, while Case 7 dropped from a clearance well within normal limits during 
hyperthermia to one markedly below normal after the hyperthermia had dis- 
appeared. 

CONCLUSIONS 

In contrast to the general parallelism that exists between body temperature 
and creatinine clearance in dogs dui’ing diathermy when all other factors are 
being held as nearly constant as possible, the creatinine clearances in patients 
with fever undergo wide variations. In the series of 15 patients observed here, 
the clearances during tlie height of the fever varied from 600 to 60 per cent 
of their postfebrile values. 

A survey of the relationship between blood pressure and filtration during 
the fever, revealed similar irregularities : nine patients showed elevation of all 
three factors, temperature, blood pressure, and filtration; three showed increase 
in blood pressure with fall in filtration; in one patient filtration and blood 
pressure were lowered, while in the remaining two cases the changes in blood 
pressure and filtration were insignificant. 

The group whose behavior is the most difficult to explain on a theoretical 
basis is that in which blood pressure and temperature were both elevated while 
filtration was lowered. Two other known factors may be considered as re- 
sponsible for this behavior: (a) there may be a decrease in the volume flow of 
blood to the kidney in spite of elevation of temperature and blood pressure, 
and (b) there may be a direct effect of the infection on the kidney, resulting 
in a temporary closing off of some of the glomeruli or in an altering of their 
permeability. 

The authors wish to express their thanks to Dr. Allan Hemingway of the Department of 
Physiology for the use of liis diathermy apparatus. 
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THE EFFECT OF ALCOHOL UPON SPLEEN VOLUME* 


F. D. McCrea, Ph.D., D. F. Marion', B.S., W. W. Tysox, a.vd 
W. P. Kavaxagii, A.B., Durham, N. C. 


M OST investigators agree that small quantities of alcohol cause dilatation in 
the cutaneous area and constriction in the splanchnic area, the latter to 
a somewhat lesser degree. The blood pressure may either show no change or 
be slightly increased or diminished (Dixon, 1 Brooks, 2 Stewart, 3 Lieb, 4 Hyatt, 5 
McDowall 6 ). 

Few references concerning the action of ethyl alcohol upon spleen volume 
appear in the literature. Barcroft and Rothschild 7 reported that alcohol ad- 
ministered by stomach to unanesthetized dogs had little effect upon the spleen 
until large doses (S c.e. of alcohol per kilogram) were given, when the spleen 
gradually decreased in size, the maximum diminution, amounting to 42 per cent, 
occurring some twenty minutes later. Definite signs of alcoholic intoxication 
were noted. In cases where no constriction was noted, the animals were ap- 
parently not intoxicated by the dose used. Karitsky 8 states that while alcohol 
paralyzes the central nervous system, it almost never abolishes splenic con- 
tractions. 

The following report presents further data concerning the action of small 
quantities of ethyl alcohol upon the motility of the spleen. 

Method . — Cats were used. They were anesthetized with urethane intra- 
peritoneally and prepared to register blood pressure and spleen volume as in 
preceding work. 9 Alcohol 1 c.c. in concentrations varying from 2 to 20 per cent 
was administered via the femoral vein. 

Residts . — "With threshold or slightly higher doses of alcohol, systemic blood 
pressure always fell slightly and quickly recovered, while spleen volume in- 
variably diminished, its degree of change varying more or less directly with the 
concentration of the alcohol. Rhythmical movements of the spleen also oc- 
curred after the initial contraction, resembling those obtained with other drugs 
(Schaffer and Moore 10 and Barcroft and Nisimaru 11 ). These results were noted 
in a total of 34 experiments with S cats. There seemed to be less relationship 
between the concentration of alcohol and the blood pressure, since in only a 
few cases was there an appreciably greater drop with 20 per cent than with 
5 per cent alcohol. With larger doses (2 to 4 c.c. of 15 or 20 per cent) 
there was in most cases a greater fall and less prompt recovery. 

In Fig. 1, A is seen the result of a dose of 1 c.c. of 5 per cent alcohol. 
Fig. 1, B shows the action of 1 c.c. of 20 per cent alcohol. The vascular depres- 
sion is approximately equal in each and recovery almost equally prompt. How- 

•From the Department of Physiology and Pharmacology, Duke University Medical School. 
Received for publication, May 19. 1934. 

350 



MC CUBA ET AL. : 


EFFECT OE ALCOHOL Ul'ON SPLEEN VOLUME 


351 


ever, the degree of contraction of the spleen is much increased by the higher 
concentration of alcohol. Furthermore the rhythmical contraction and relaxa- 
tion is much more pronounced and the spleen has a tendency to retain a highei 
tonus than that obtaining before alcohol, or than with concentrations less than 
10 per cent, in which return to the control volume was almost always complete. 

Discussion. — Henning 12 reported that abolition of the influence of the central 
nervous system by urethane narcosis stops the contraction of the spleen in mice 
and rats. Urethane has been the anesthetic routinely used in investigating the 
motility of the spleen in eats over a period of several years. At no time has 
urethane, when administered in sufficient quantity to secure surgical anesthesia, 
altered the splenic response to any very evident extent. Deep anesthesia un- 
doubtedly does reduce the celerity and magnitude of its response, a point noted 
by De Boer and Carroll 13 and when combined with ether causes also some re- 
duction of systemic blood pressure, as Barcroft 14 has pointed out. The ideal 



A B. 


Fig. 1.- — A. Effect of 1 c.c. of 5 per cent ethyl alcohol. B, Effect of 1 c.c. of 20 per cent 
ethyl alcohol. Tracings from top to bottom, carotid pressure, spleen volume, time six second 
intervals and signal markers denoting injection. 


method of ascertaining the effects of drugs undoubtedly necessitates an animal 
which is not anesthetized. However, so far as the splenic reaction to various 
drugs has been studied on anesthetized and unanesthetized animals the response 
is in the same direction according to most investigators. Contrary to Barcroft 
and Rothschild 7 we find that small intravenous doses of alcohol produce con- 
siderable contraction of the spleen, although with large doses our results are 
substantially the same as theirs. A possible explanation' of this difference lies 
in the mode of administration, the effective stimulus probably being the con- 
centration of alcohol in the blood. Brooks 2 demonstrated that alcohol intro- 
duced into the stomach by way of a gastric fistula caused no immediate vascular 
response, but a gradual reduction of systemic pressure occurred after some 
fifteen minutes. Likewise he found that slow intravenous injections of alcohol 
ranging from 0.5 to 4.0 c.c. per kilogram of animal were without effect other 
than caidiae acceleration and a gradual reduction of systemic pressure which 
invariably followed. 
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The rhythmical contractions produced in the spleen by alcohol, which are 
so pronounced in Fig. 1, B, occur in every record in which threshold or higher 
doses of alcohol are administered. These rhythmical waves are moreover seen 
to cause rhythmical fluctuations of the systemic blood pressure. The mag- 
nitude and duration of the splenic waves increased as the dose of alcohol used, 
occasionally not disappearing completely from the record for more than an hour 
after its administration. 

Summary . — Small doses of dilute alcohol administered intravenously to 
cats anesthetized with urethane cause contraction of the spleen. This contrac- 
tion is followed by rhythmical relaxation and contraction which may last for a 
considerable period of time. 
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SOME STUDIES ON THE ETIOLOGY OP GRANULOMA INGUINALE* 


IIildrus A. Poindexter, M.D., Washington, D. C. 


I N THE United States, with the exception of certain localized areas in some 
of the southern states, granuloma inguinale in the past has been referred to 
as a rare malady. Within more recent years, interest has been focused on this 
clinical condition primarily for three important reasons: First, the malady is 
becoming more prevalent and more generalized geographically; second, it is 
being considered by some as a fourth venereal disease; and third, there is a 
lack of agreement as to the nature of its etiology. 

We have made microscopic examinations of nine clinical cases in Freed- 
men’s Hospital within the last three years. Three of these patients lived with- 
in the vicinity of the District of Columbia for at least five years prior to the 
appearance of any lesion, and the other five came from various parts of the 
southern states. 

Upon repeated smear examinations, seven of these nine cases showed the 
microscopic diagnostic picture of granuloma inguinale, when stained by the 
Wright or Giemsa method. The exact nature of these included bodies is not 
known. 

Some observers agree with Donovan , 1 that it is a protozoan of the gregarine 
order of sporozoa; some with Flu , 2 that it is a chlamydozoan and there are 
others among whom are many of the more recent workers such as Campbell , 6 
Randall, Small and Belle 7 who agree with Walker , 3 that it is a member of the 
Friedlander group of bacilli. 

Five of these nine cases have been reported by Poindexter . 4 The other four 
cases were observed since. Three are still being treated at the Freedmen’s Hos- 
pital, while one has been discharged as cured following tartar emetic and fuadin 
medication. 


Within the last two years, attempts have been made to isolate and culture 
the organism in all cases that were positive by microscopic examination. Of 
the last four cases, three were positive microscopically. Prom the three positive 
cases of this set we were able to isolate identical organisms in two. By return- 
ing to the study of the first five cases, we were able to isolate a similar organism 
from one even though the patient had received considerable treatment and was 
improving nicely. 

From the study of these three similar organisms, it is hoped that additional 
evidence may be shown as to the nature of the intracellular bodies (etiologic 
agent) in granuloma inguinale. 


. ‘From u>e Department of Bacteriology, Preventive Medicin 
of Medicine. Howard University, and Preedmen’s Hospital. 
Received for publication. May 17, 1934. 
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The organisms which form the basis of this report were obtained from three 
clinical cases of the disease: Cultures from the first of these patients, M. N., 
one of those reported by Poindexter/ show the following organisms on isolation 
and study: (a) A grain-negative diplobacillus; (b) a small grain-positive 
staphylococcus and micrococcus; (c) a short chain nonhemolytic streptococcus; 
(d) a diphtheroid; (4) a few large thick rods which proved to be Doderlein's 
bacilli; and (f) the original smear from the patient also showed a spirochete 
which along with a fusiform bacillus gave a picture resembling that of a Vin- 
cent’s angina smear. This fusiform bacillus is believed to be the same as the 
Doderlein’s bacillus isolated by culture. 

Cultures from the area of ulceration of the second patient, J. B., showed a 
inire culture of an organism similar in morpholog.y and culture to the organism 
(a) isolated from the first patient, M. N. Cultures from the third patient, R. F., 
who is now on the ward receiving treatment with fuadin, contained the follow- 
ing organisms: (a) A small gram-negative bacillus which resembled Fried- 
lander’s bacillus morphologically, (b) A small gram-negative coccus, which 
corresponded culturally to that of Micrococcus arctic of Cohen; the gram-nega- 
tive staining character was the exception, and (c) an organism of the diphtherial 
group. 

The organisms (a) of the first and third patient, and the pure culture from 
the second were selected as the organisms of special study. The fact that three 
similar organisms appeared in three clinical eases of granuloma inguinale and 
that in one of these cases a pure culture was found, is significant from an etiologic 
standpoint. The selection of these organisms for study is in accordance with the 
opinion of Walker/ 1918, DeMonbreun and Goodpasture/ 1933, and others. 
Their thermal death point was 51° for thirty minutes, and 59° for ten minutes. 
The organisms did not show capsule formation in culture. Their biochemical re- 
actions are shown in Table I. 


EXPERIMENTAL 

Fourteen mice and nine guinea pigs were used for the pathogenicity test of 
the organism in an attempt to fulfill Koch’s postulates. Five mice were inocu- 
lated intraperitoneally with a suspension of the diplobacilli isolated from the 
first case; three of them with a saline suspension of a twenty-four-hour agar 
slant culture and the other two with 14 c.c. of a twenty-four-liour broth culture. 
The mice showed no ill effects from the inoculation. After four daj r s one of 
the mice was killed and cultures were made from the peritoneal cavity and the 
heart’s blood. The peritoneal cavity showed considerable polymorphonuclear 
exudate and the culture was positive for the diplobacilli, but the culture from 
ttie heart’s blood was negative. 

Another one of the mice was sacrificed on the ninth day, with negative 
results. The other three mice continued to live without any ill effects for two 
months after which they were used in a trypanosome experiment. Four mice 
were used in a similar way to test the pathogenicity of the diplobacilli isolated 
from the second case. The pathogenicity results were negative. Similarly five 
mice were used for intraperitoneal and saerifieation tests with cultures from the 
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Ofcd patient wit., M. negative fesnlts. The 

witk doses twice the o» pT^kowed no reaction°for eight days, after 
wLTL7r; m appeito be fflT Aseptic puncture of the peritoneal cavity 
resulted in the removal of some exudate similar to the type observed m mme bu 
the cultures for the organisms were negative. Similar punctures of the hear 
gave negative cultures. Within the following three weeks the animals ^showed 
progressive loss of weight which resulted in marked emaciation and death about 
four weeks from the date of inoculation. Cultures taken by punctures from the 
peritoneum and heart were negative eight days after injection and remained 
negative as the emaciation progressed. By repeated experiments we were able, 
however to obtain positive cultures of the organisms from fluid drawn from the 
peritoneum within the first six days after inoculation. The stools and urine 
were negative for the organism. At the autopsy there were no ulcerations or 
areas of granulation which in any way resembled those seen in granuloma 


Table I 


The Biochemical 


Reactions of the Guam-Negative Diplobacilh 
Thkee Cases of Granuloma Inguinale 


Obtained From 


MEDIA p 

FIRST 

ATI ENT 

SECOND 

PATIENT 

THIRD 

patient 

OTHER CHANGES IN THE CULTURES 

Dextrose 

a* 

a 

a 

Turbidity and a gray yellow fine gran- 
ular precipitate. 

Dextrine 

- 

- 

- 

A slight surface film and precipitate. 

Maltose 

a 

a 

a 

A heavy yellow precipitate and a sur- 
face film. 

Saccharose 

a 

a 

a 

A gray yellow precipitate and a surface 
film. 

Lactose 

a 

a 

a 

A stringy granular flocculation. 

Saiicin 

a 

a 

± a 

A thick gray film on the surface. 

Mannite 

a 

a 

a 

Slight surface film and a gray yellow 
precipitate. 

Inulin 

- 

~ 


Granular flocculation with a slight gray 
precipitate. 

Inosite 

- 

— 


A slight surface film and gray pre- 
cipitate. 

Sorbite 

— 



A slight surface film and slight pre- 
cipitate. 

Xylose 

- 

- 

- 


Litmus milk 

Sl.a* 

Sl.a 

a 

No coagulation. 

Plain agar 

Grayish yellow slightly elevated. 
Glistening round colonies. 

Similar reactions were observed for each 
of the other two organisms. 

Peptone water 

No indol formation. 


Similar reactions were observed for each 
of the other two organisms. 


Nutrient broth Cloudy growth in 24 hours. Similar reactions were observed for each 

of the other two organisms. 


Gelatin 

Not liquidifiod but bubbles of 
gas occur just below surface. 

Similar reactions were observed for each 
of the other two organisms. 

Nitrate 

reduction 

± ± + 


H.S test 

- - - 


Methyl red 

± S1.+ + 


V oges- 
proskaucr 

— — ± 



• :i. Fermentation. 

SI. a. Slight acid without gas. 
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inguinale. The lung and gastrointestinal tracts grossly showed no lesions that 
could be considered the cause of death. Sections were not taken. Because this 
organism had resembled the Friedlander’s bacillus in many respects, we per- 
formed comparative agglutination, absorption and precipitation tests between 
this organism and strains of Type II pneumococci. The results show that this 
organism is not similar to the Type A, B, or C of Friedlander’s bacillus. How- 
ever, we could not exclude it from the heterogeneous Group X of Friedlander’s 
bacilli. 

Guinea pigs and mice were also injected intraperitoneally with mixed cul- 
tures of these isolated organisms and gonococci. The results were similar to those 
obtained in the animals infected with the isolated organism alone. 

DISCUSSION 

We have observed in the nine cases which we recently studied here, and a 
review of many of the reported eases, that a concomitant gonorrheal and an 
occasional chancroidal infection were frequently present or were revealed in the 
history as existing prior to the beginning of the symptoms of granuloma in- 
guinale. It is also noted that frequently an operation for inguinal adenitis 
(buboes) was performed, which did not heal. 

The two cases reported by Gruhzit 9 both gave a history of inguinal swelling 
which failed to heal ; one after lancing and the other after pricking. A similar 
history is given by Shattuck, Little and Coughlin 10 in a report of three cases 
from Boston. The extension of this unhealed incision is common in the history 
of granuloma inguinale cases. 

The tissue transplantation en masse from one person with the disease to 
another susceptible person as done by McIntosh , 5 does not permit one to draw 
any conclusion as to the specificity of the organisms involved, since several or- 
ganisms may be present. 

A survey of the reported cases shows a higher incidence among colored 
than white of granuloma inguinale in the United States. This is a statement of 
fact, the explanation of which is involved in a large number of contributory 
factors. Of the contributory factors, the most important in this malady as in 
syphilis is the greater lack of information in the nature of personal hygiene 
among the colored. 

SUMMARY AND CONCLUSION 

We have isolated identical organisms from three cases of clinical granuloma 
inguinale. These organisms resemble organisms of the Friedlander’s group and 
appear similar to the inclusion bodies in cells of curettements taken from ulcera- 
tions of clinical cases of granuloma inguinale. 

We believe that the “Donovan bodies” are bacteria. The organism is non- 
pathogenic for mice, which is a diffei*ential point from Type A or B of the 
Friedlander's bacillus. 

I wish to express my appreciation to Mr. Malaku E. Bayen and Miss Ferris Warren, 
juniors in the Medical and Dental Schools, for their assistance in most of these biochemical 
tests. 
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STEREOSCOPIC ROENTGENOGRAPHY OF BEDRIDDEN 
PNEUMONIA PATIENTS* 


Paul C. Hodges, Ph.D., M.D., and Thomas H. Lipscomb, M.D., Chicago, III. 


I NVESTIGATORS in the field of pneumonia and physicians responsible for 
the care of patients suffering from this disease are generally aware of the 
great diagnostic value of roentgenograms. They need the help of the roentgenol- 
ogist at the beginning of the disease, throughout its course and during con- 
valescence, and in our experience are glad to accept him as an equal partner in 
the diagnostic problem. However, even the briefest experience in such work 
will convince any physician, whether he be roentgenologist or clinician, that the 
problem is difficult and the results not all that might be desired. 

Early in the disease and again during convalescence the patient is able to 
come to the x-ray laboratory, sit up in front of a cassette changer and hold his 
breath during the making of standard quality stereoscopic films. This is im- 
possible or at least highly undesirable during the active phase. Instead it has 
become common practice to bring a portable unit to the bedside or move the 
patient and bed to the x-ray laboratory and make single nonstereoscopic films 
with the patient recumbent. Such films are sometimes of astonishingly good 
quality but the lack of three-dimension vision is a serious handicap and the 
insertion of a cassette beneath the patient involves considerable discomfort for 
him. 

Clinicians not intimately associated with the problem are apt to under- 
estimate the degree of this discomfort, holding the erroneous belief that an 
x-ray examination of the chest is an innocuous procedure if the patient does not 
leavers bed. The patient knows better. He must be lifted into a partial sit- 

•From the Division of Roentgenology, Department nf , 
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ting position while a cassette is inserted behind his back, and when lie is lowered 
into the recumbent position he finds this an uncomfortable resting place even 
in that rare instance in which correct position is obtained at the first trial and 
rearrangement of patient and film is unnecessary. 

In the course of many years of association with 0. II. Robertson, whose 
investigations lie largely in the field of clinical and experimental pneumonia, one 
of us has made repeated attempts to improve the technical conditions of chest 
raying during the active stage of pneumonia. 

Most of our earlier devices were found to involve too much effort on the 
part of the patient but the apparatus here described allows us to make stereo- 
scopic chest films of recumbent subjects without submitting them to appreciable 
exertion or discomfort. In spite of the fact that the rays pass through mattress 



A. B. 


Fig. 1. — Roentgenograms of normal subject. H. H„ aged thirty-three, x-ray No. 2297. A. 
(Serial 15) Regular teclinic. subject standing facing commercial cassette changer. 70 KV, 100 
Ala., 72" distance, exposure time 6/20 second. 

B, (Serial 13) Subject on back in pneumonia bed, radiation from beneath through mat- 
tress, 70 KV, 150 Ala., 72" distance, exposure time 8/20 second. 

and bed clothing, films made under these conditions compare very favorably with 
those made in the conventional fashion, that is, with the subject, standing facing 
a commercial cassette changer (Fig. 1). 

As soon as a patient is suspected of having pneumonia he is transferred to a 
special pneumonia bed which he continues to occupy until there is no further 
need of special chest raying. This is a hospital bed* in which a square section 
of the upper half of the bed spring has been cut away and replaced by a square 
of stretched canvas (Fig. 2). An ordinary cotton-felt mattress rests on the 

•These beds, originally in general use throughout our hospital, have recently been re- 
placed by a newer type equipped with inner spring mattress and two crank-driven worm de- 
vices for raising and lowering head and foot. We have not yet succeeded in adapting these 
new beds for x-ray use because of the interfering shadows of coil springs and the cross-bars of 
the worm mechanism. We do not consider such adaptation impossible, particularly if it is 
undertaken by the manufacturer of the bed. 
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Fig. 2. — Pneumonia bed. A conventional hospital bed in which a section o£ spring has 
been cut away and the space filled in with a laced canvas window. In more modern type beds 
with worm mechanism for raising and lowering the head, rearrangement of the mechanism is 
necessary in order to provide a clear space beneath the chest. A regular cotton-felt mattress 
is used, care being taken that it contains no bits of wire or other metal objects. 



etc!” are "in’ the 'room Ill'll 

been removed to allow photographing the apparatus? b ° 


The cocking device for the 
Protective wire caging has 
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spring and except for the fact that there must be no rubber sheet, beneath the 
patient ’s chest, the bedding is arranged and changed by the nurses in accordance 
with ordinary hospital practice. 

Two x-ray rooms are required, one directly above the other. The lower 
room contains a mechanical rectifier x-ray machine mounted on a wall shelf to- 
gether with a water-cooled 10 KW x-ray tube slung from a special stereoscopic 
tubestand attached to the ceiling (Fig. 3). The upper room, capable of darken- 
ing for fluoroscopy, contains the control stand and meters of the x-ray machine 



Fig. 4. — Patient on pneumonia bed in position for stereoscopic aiming. The fluoroscopic 
screen is intended primarily for centering but with the addition of a shutter may be used for 
fluoroscopic observation of diaphragmatic excursion, etc. 

and a special automatic cassette changer counterbalanced for easy vertical move- 
ment on two vertical rails. A reetangulai’, bakelite-covered opening through 
the floor transmits radiation from the tube lying directly beneath it, the tube 
target, center of floor port and center of film lying on a straight line perpen- 
dicular to the floor (Fig. 4). The patient recumbent on the pneumonia bed is 
wheeled into position above the floor port in the upper room, his head is turned 
to one side and the lowered cassette changer is brought down until the bakelite 
front of its central section touches the chest. The room is now darkened and 
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under fluoroscopic control, using radiation coming through the floor and a screen 
mounted on the upper surface of the central section of the cassette changer, 
the bed is moved about until the patient’s chest is properly centered beneath 
the space presently to be occupied in succession by the two films. 

During tins fluoroscopic centering, which takes but a few seconds, the 
films are protected by the lead floor of the two outer sections of the changer. 
One cassette carriage is cocked against spring pressure and held by a stout 
trigger. The other, except for the light pressure of a friction catch, is free to 
roll along its track. This free carriage is now shoved into position between 
the bakelite window and fluorescent screen of the central section where it engages 
the cocked carriage and becomes attached to it, the machine controls are turned 
to the proper setting for filming and by means of a cable-and-levcr arrangement 
the tube is cocked against spring pressure. It is now possible to make stereo- 
scopic chest films employing speeds of exposure and film change about the same 
as those used with conventional vertical type cassette changers. 

There are magnetic releases on tubestand and cassette changer and a motor- 
driven time switch times the exposures. Operation is further simplified by a 
five-pole, double-throw, externally operated switch. With the switch handle in 
the down position, the time-switch motor is off and the tube is set for long-dis- 
tance fluoroscopy at 85 KV and 10 Ma. When the switch handle is up, the 
time-switch motor runs and the tube is ready to deliver 150 ilia, at 70 KV. 

The apparatus meets a definite though limited need in our service. It seems 
to satisfy completely the requirements of stereoscopic chest filming at any phase 
of pneumonia unless pleural fluid be present and, in addition, renders valuable 
assistance in postoperative conditions where the clinical picture is complicated 
and it is important to know whether pneumonia or pulmonary infarct is present. 
To those who employ artificial pneumothorax in the treatment of pneumonia the 
apparatus offers a means for the frequent checking of the amount of pleural air 
and the degree of pulmonary collapse. 

One of the leading x-ray manufacturers has constructed a neat and com- 
pact commercial model of our apparatus* and commercial manufacturers of 
hospital beds could undoubtedly develop beds that would meet the x-ray require- 
ments and at the same time be more comfortable than our homemade product 


•For the University of Michigan. 



THE RESPONSE TO INFECTION IN BONE MARROW DYSCRASIAS* 


Frank H. Betiiell, M.D., Ann Arbor, Mich. 


C ERTAIN changes in the constitutional environment of an individual, notably 
those caused by bacterial invasion, produce a more or less characteristic 
response on the part of the bone marrow. The neutrophile count provides a 
measure of the degree of such response. The functional capacity of the bone 
marrow to meet a sustained demand for more than usual numbers of ncutro- 
philes is evidenced not only* by the total number of neutropliiles per cubic 
millimeter but also by their stage of maturity. It is this conception which 
forms the basis of the Schilling 1 index and its interpretation. More recently 
the importance of immature white blood cell counts in infectious conditions 
has been emphasized by Reznikoff . 3 He points out that in many serious infec- 
tions there is no increase in the circulating neutropliiles, but rather an ap- 
parent depression of the myelocytic response. The decrease in leucopoietic 
activity may be the specific effect of certain diseases, such as typhoid fever, 
tuberculosis, influenza, and malaria, or it may follow prolonged overstimulation 
in response to an overwhelming infection such as streptococcal septicemia. Dur- 
ing recent years great interest has been shown in the phenomenon of extreme 
neutropenia which may develop in the presence of little or no demonstrable 
infection. If, as often happens in such cases, severe infection supervenes, the 
few neutropliiles found are predominantly immature in form. It is the relative 
percentage of immature and adult forms which indicates the effort of the bone 
marrow response as opposed to the total neutrophile count which measures 
solely the extent of the response. 

The appearance in the blood stream of increasing numbers of young neutro- 
philes during the progress of an infection is dependent upon two factor’s, the 
state of the individual prior to the present illness, as reflected in the bone 
marrow, and the nature of the infection. Consequently, there are actually two 
variables, but in order to interpret the progress of an infection by studies of the 
neutrophile age the bone marrow must be thought of as a constant. In many 
instances, however, the neutrophile picture differs widely from what one would 
expect from the clinical course of the illness. The cases reported by Thompson , 3 
in which there was either an overproduction of young and abnormal white blood 
cells or a marked decrease in the numbers of granulocytes in response to in- 
fection, fall into this group. The patients to be discussed in the present com- 
munication, likewise, showed an atypical bone marrow response in the presence 
of infection. 

•From the Thomas Henry Simpson Memorial Institute for Medical Research, University 
of Michigan. 

Received for publication, May 11, 1931. 

4 . summary of this paper was read at the New York meeting- of the American Society of 
Experimental Pathology, on March 31. 1931. 
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While the diagnostic and prognostic value of the Schilling index and its 
modifications is limited to such cases as show a characteristic bone marrow re- 
sponse, the occurrence of cytoplasmic changes in the neutrophiles, and especially 
the appearance of granules which are basophilic to one of the Romanowski 
stains, is quite independent of the type of myelocytic reaction and will, in any 
case, give a reasonably accurate picture of the progress of an acute severe in- 
fection. Alterations in the staining characteristics of the cytoplasms of leuco- 
cytes have received considerable attention among German ingestigators, < > 5 - 6| 7 
but elsewhere they have met with little systematic study except by Rosenthal 
and his eoworkers . 8 ’ 9 ’ 10, 11 The reader is referred to these authors for morpho- 
logic descriptions of the phenomena under consideration. Basophilic granula- 
tion of the neutrophiles is not limited to infectious processes, but may occur 
in a wide variety of conditions in which there is marked alteration of the in- 
dividual’s internal environment with evidence of toxemia. Among such condi- 
tions may be mentioned reactions following transfusion with incompatible blood, 
intensive roentgen therapy, the toxemias of pregnancy, extensive malignancy 
with necrosis, and chronic myelogenous leucemia. 

That these granules, in infectious states, are not merely a degenerative 
phenomenon, caused by exposure of the cells to a site of inflammation, is at- 
tested by the evidence gained from counts made on successive days during the 
exacerbation of an infection. When the total number of immature and mature 
forms exhibiting basophilic granulation are compared, it is shown that the 
granules are predominant in the cells most recently released into the circulation, 
and consequently, in all probability, the change occurs in the bone marrow. 
Table I illustrates a method by which the neutrophile counts may be tabulated 

Table I 


Neutrophile Counts Made on Three Successive Days Showing Increase in Percentage 
and Absolute Number of Immature Forms Exhibiting Cytoplasmic Basophilic 
(“Toxic”) Granulation. The Counts Were Made on Case 1 



march 9 


NO. PER 
C.MM. 


W.B.C. per c .mm. 

Percentage of nonfilament neutrophiles I 
No. per c.mm. nonfilament neutrophiles) 
Percentage of filament neutrophiles 
No. per c.mm. filament ne utrophiles 
Total percentage of neutrophiles 
Total no. per c .mm. of neutrophiles 
Percentage of nonfilament forms with 
basophilic granulation 
No, per c.mm. of nonfilament forms 
with basophilic granulation 
Percentage of filament forms with 
basophilic granulation 
No. per c.mm. filament forms with 
basophilic granu lation 
Total percentage of neutrophiles with 
basophilic granulation 
Total no. per c.mm. neutrophiles with 
basophilic granulation 
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in order to correlate the nuclear shift with the percentage and absolute number 
of basophilic granule cells. These counts were made on the patient reported as 
Case 1. 

Blood examinations on the patients comprising the present study were 
made at frequent intervals throughout the period of hospitalization, and during 
the acute manifestations of their illness counts were taken daily. For purposes 
of simplification only the more significant findings will be reported. Leucocyte 
counts were done with pipettes and hemocytometers certified by the U. S. Bureau 
of Standards. Films were made on cover slips and stained with a fresh solu- 
tion of Wright's stain, prepared in the usual manner without buffering. Con- 
trol stains on blood from individuals without acute infection, or other evidence 
of toxemia, were carried out routinely. The polymorphonuclear neutrophiles 
were classified according to their nuclear structure into nonfilament and filament 
groups as suggested by Cooke and Ponder. 12 However, the percentage recorded 
is of the total number of neutrophiles rather than of the total leucocyte count. 
On this basis 6 per cent of nonfilament forms is an average normal value. On 
the charts only the nonfilament percentage is plotted, and this value, “the per- 
centage of immaturity,” is regarded as a measure of the effort of the bone 
marrow response. For graphic purposes basophilic granulation is recorded in 
terms of the percentage of neutrophiles exhibiting this phenomenon, rather than 
in the form of a “degenerative index” as advocated by Ifugel and Rosenthal. 9 
The tabulation of at least 100 neutrophiles was included in each differential. 
In the severe neutropenic states this usually required the examination of sev- 
eral films. 

By the use in conjunction of the three lines of inquiry enumerated above, 
namely, the degree of bone marrow response as measured by the total neutro- 
phile count, the effort of the response as indicated by the percentage of im- 
mature forms, and the severity of the infection as interpreted by the percentage 
of basopliilic granule cells, it is hoped that some information may be gained 
concerning the physiology of the bone marrow in certain pathologic states. In- 
cidentally, these studies confirm the prognostic value of the basophilic granule 
cell count. 

CASE REPORTS 

Case 1. — AT. N. Acute pansinusitis, cavernous sinus thrombosis and terminal strepto- 
coccal septicemia, without evidence of primary disease of the blood-forming organs. An 
American housewife of forty-eight years entered the hospital complaining of difficulty of 
breathing, cough, and weakness. For four years she had been subject to attacks of otitis 
media and acute sinusitis. Right mastoidectomy was done. The present illness commenced 
four months before admission with sore throat and right-sided frontal headache. Upper 
respiratory symptoms became increasingly severe, and during the two weeks prior to her 
entering the hospital small nodules developed in the skin of the trunk and extremities. On 
examination the patient appeared to be seriously ill. There was a mucopurulent discharge 
in the nose and throat and thickening of the mucosa of the nares and pharynx. The right 
membrana tympani was dull and reddened. Scattered over the trunk and extremities were 
numerous small cutaneous lesions with depressed bluish centers, surrounded by elevated yellow 
areas, which, in turn, were circled by zones of erythema. Temperature was 98° F.,- pulse, 
100- respirations, 27. The patient's condition did not improve, the temperature was con- 
tinuously “septic" in type, localized suppuration occurred in the right periorbital tissues and 
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in the region of the right elbow. On the twentieth day of hospitalization she died. The red 
blood cell count on admission was 3,700,000 per c.nun.; hemoglobin, 59 per cent (Sahli) ; 
white blood cells, 7,300 per e.nnn. Polymorphonuclear noutrophilcs were 78.5 per cent; 
eosinophiles, 2.5 per cent; large lymphocytes, 15.5 per cent; small lymphocytes, 2.5 per cent; 
monocytes, 1 per cent. Oil the day of death the white blood cell count fell to 1,75 0 with a 
neutrophilic percentage of 91. Leucocyte and neutrophilc counts made on thTee successive 
days on this patient are given, in Table I, and the character of the neutrophile response is 
plotted on Chart 1. The significant findings at necropsy in this case were streptococcus 
septicemia with focal necroses in skin, lungs, lymph nodes, spleen and liver, and acute 
parenchymatous degeneration of all organs. Microscopic examination of the marrow of the 
sternum and ribs revealed a congested mixed celiular and fatty marrow with numerous giant 
cells, and large areas nearly devoid of cells. The marrow of the ethmoid was almost com- 
pletely exhausted of cellular elements with areas of necrosis and hemorrhage. 



too 


90 


ao 


70 


60 


50 


40 


30 


10 


0 


This case is presented as an example of failing bone marrow response to 
an overwhelming infection. As no primary deterrent to leucopoiesis exists the 
effort of the marrow response, as measured by the percentage of nonfilament 
neutrophiles, parallels the severity of the infection, plotted in terms of the per- 
centage of neutrophiles exhibiting basophilic granulation. The observations 
on this patient are to be contrasted with those made on cases whose infection 
complicated a primary bone marrow dyscrasia. 


Case —S. M. Pernicious anemm in relapse, acute otitis media with mastoiditis, and 
acute cholecystitis and cholelithiasis. An American woman of fifty-two years, self-supporting 
was admitted with a complaint of weakness, numbness and tingling of the extremities and 
recurrent soreness of the tongue. Th 0 present illness was of eleven months’ duration the 
symptoms becoming gradually more severe. Four months before entering the hospital she 
began to suffer with attacks of pain in the right upper abdominal quadrant, accompanied by 
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nausea and vomiting, and at times followed by transient jaundice. Examination revealed 
pallor and icteric tint of the skin and mucous membranes, tenderness in the right hypo- 
cliondrium, enlargement of the liver, and impairment of vibratory sense in the lower ex- 
tremities. Temperature 100° 1\; pulse 80; respirations 22. During the lirst three weeks of 
hospitalization tenderness and pain in the right hypoehondrium persisted, there was an 
irregular fever of moderate degree, and no significant response on the part of the blood 
following treatment with vcntrieulin and intramuscular liver extract. Subsequently the 
patient complained of right earache; the drum was found to be reddened and bulging, and 
paracentesis was done with the release of much mucopurulent exudate. Tenderness over the 
right mastoid developed, and the temperature became markedly “septic” in character. The 
patient’s condition was considered to be too poor for operation; blood transfusions were given 
with slight temporary improvement, but all efforts to overcome the infection were unavailing, 
and five weeks after admission she died. A necropsy was not obtained. 
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Chart 2. 


The red blood cell count on admission was 1,130,000 per c.mm.; hemoglobin, 29 per cent 
(Sahli) ; white blood cell count, 3,000 per c.mm. ; polymorphonuclear neutrophiles were 38.5 
per cent; large lymphocytes, 17 per cent; small lymphocytes, 43.5 per cent; monocytes, 1 
per cent. The stained blood film revealed the morphologic characteristics of pernicious 
anemia with definite macrocytosis of the erythrocytes. Achlorhydria of the gastric contents 
was found after the subcutaneous injection of histamine hydrochloride 1.0 mg. Cholecystog- 
raphy following the intravenous administration of dye revealed nonvisualization of the gall- 
bladder with multiple opaque stones. During the course of the infection there was a very 
limited increase in white blood colls, the maximum count being S.350 with S3 per cent 
neutrophiles two days before death. On Chart 2 are plotted the total neutrophile counts, 
percentages of nonfilament forms, and percentages of basophilic granule cells. This chart 
depicts an inadequate response dependent not upon the degree or duration of the infection 
but upon functional derangement of the bone marrow. 
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numbness and tingling of the fingers and toes. His symptoms were of gradual onset and 
progression and had been first noticed about one year prior to his admission. Examination 
disclosed pallor and slight icterus, atrophy of the papillae of the skin, palpable liver and 
snleen and impairment of vibratory sense and sense of motion and position in the lower 
extremities. Temperature was 99.8° F.; pulse, 88; respirations, 20. Ventriculin therapy 
was instituted and there occurred a typical hematologic response, accompanied by symptomatic 
improvement. However, thirteen days after admission the patient became acutely ill with 
moderate fever and marked leucocytosis. There was no localization of symptoms, extreme 
drowsiness and mental confusion being the only subjective manifestations. No objective 
signs were present; urinalysis, blood culture, and agglutination tests were negative; tbe lung 
fields were clear by roentgen examination; and lumbar puncture revealed only slightly in- 
creased pressure with normal spinal fluid. Acute encephalitis and subdiaphragmatic abscess 
wero suggested respectively by neurologic and surgical consultants, and of the two conditions, 
the former, in the light of the subsequent course, appears more plausible. Within two weeks 
of Us onset all evidences of the infection bad disappeared, and remission of the anemia 
continued satisfactorily. 
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On admission the red blood ecll count was 1,140,000 per c.mm.; hemoglobin, 30 per cent 
(Sahli); white blood cells, 4,350 per c.mm. Polymorphonuclear neutrophiles were 00 per cent; 
eosinopliiles, 2 per cent; large lymphocytes, 11.5 per cent; small lymphocytes, 24.5 per cent; 
monocytes, 2 per cent. Achlorhydria of the gastric contents was present. Following ven- 
triculin therapy the reticulocytes attained a maximum of 2" per cent. Subsequently, with the 
development of infection, the leucocyte count rose rapidly to 94,200 per c.mm. with a 
neutrophile percentage of S8. Significant ncutrophiie counts, percentages of immature forms, 
and percentages of basophilic granule cells for this case are given on Chart 3. It will be 
seen that the degree and effort of the bone marrow response are out of all proportion to the 
evidences of infection. 

Fleming 15 and Heck and Watkins 10 have si i own that the neutropenia and 
high percentage of segmented forms (shift to the right), which are commonly 
found in pernicious anemia in relapse, are replaced by a normal neutrophilic 
picture during therapeutically induced remission. In uncomplicated eases of 
pernicious anemia the increase in neutrophiles and alteration of the nuclear 
shift, occurring in remission, arc rarely of marked degree. However, if an 
infection develops during or soon after the period of active reticulocytosis there 
occurs an extraordinary neutrophile response. Large numbers of nonfilament 
forms are discharged into the circulation and the immature cells may continue 
to predominate for some time after the infection has begun to subside. It ap- 
pears that, in such eases, the bone marrow is in a hyperactive and snpersensitive 
state, so that the stimulus of even a moderate infection elicits a maximal re- 
sponse. 

Case 4. — E. F. Postarspheuamine aplastic anemia and granulocytopenia; gangrenous 
stomatitis; latent syphilis. An American man, of forty-eight years, a construction engineer, 
was admitted complaining of weakness and bleeding from the gums. He was known to have 
had syphilis for twelve years and had received numerous courses of arsphenamine and neo- 
arsphenamine therapy', together with other antisyphilitics. No clinical manifestations of his 
disease were present, but the Wasscrmann test persistently remained positive. Beginning six 
months before his admission he received IS weekly injections of neoarsplicnamine. After the 
fifteenth a rash developed over the legs; after the eighteenth, one month prior to admission, 
he experienced increasing weakness and shortness of breath. The treatment was discontinued, 
but he became progressively weaker, and noticed recurrent oozing of blood from the gums. 
He entered the hospital acutely ill; there was marked pallor of the skin; an exfoliative 
maculopapular eruption was present over the lower extremities and back; subretinal hemor- 
rhages were seen; the pharynx was reddened with a considerable amount of mucoid exudate. 

While in the hospital a tender swelling developed in the right lower alveolus. The 
lesion rapidly extended, and the temperature became markedly “septic" in type. There was 
little inflammatory reaction about the infective process in the mouth. Ultimately massive 
necrosis of the oral tissues developed, and on the twenty-sixth day of hospitalization the 
patient died. 

The red blood cell count on admission was 1,300,000 per c.mm.; hemoglobin, 18 per cent 
(Sahli); white blood cells, 3,250 per c.mm. Polymorphonuclear neutrophiles were 22 per cent; 
eosinopliiles, 1 per cent; large lymphocytes, 33 per cent; small lymphocytes, 40 per cent; 
monocytes, 4 per cent. The platelets were greatly reduced in number. During the period of 
acute infection the leucocyte count steadily declined, and on the day preceding death the 
count was 750 per c.mm. with 24 per cent neutrophiles. The findings are recorded on Chart 
4. The necropsy revealed syphilitic myocarditis, aortitis, and adrenalitis, gangrenous stomatitis 
and glossitis, multiple small internal hemorrhages, acute fibrinous pericarditis, and terminal 
lobular pneumonia. There was an almost complete fatty replacement of the cellular marrow 
of the sternum, ribs, and vertebrae. 
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Over a long period of time she had been accustomed to taking amidopyrine and barbital for the 
relief* of dysmenorrhea and chronic sinusitis. For five days preceding the onset of the sore 
throat she had taken 0.3 or 0.6 gm. of amidopyrine three times daily. On examination she 
appeared to be acutely ill. Tbe pharynx and tonsils were intensely reddened with patches of 
gray exudate. Temperature was 99.2° F. ; pulse, 108; respirations, 21. The temperature 
rapidly tosc to over 103° and became “ septic” in character. Leucopenia with marked re- 
duction in the neutropliilcs was discovered and on the day following admission she was 
transferred to the medical service. Over a period of five days she was given 10 intramuscular 
injections each of 10 e.c. of 7 per cent pentnucleotide solution. During this time the in- 
fectious process in the throat progressed and areas of necrosis developed. After the fifth 
day of therapy there occurred a neutrophilic response and the loeal condition in the throat 
improved. However, signs of sepsis persisted and as the neutropliile count failed to increase 
appreciably after Us initial rise administration of pentnucleotide was resumed. Ten days 
after admission the patient developed localized bronchopneumonia and pleurisy witli effusion. 
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This was followed by empyema. She was transferred to the Department of Thoracic Surgery 
where open drainage was done. After a stormy convalescence she was able to leave the 
hospital fifty-four days after her admission. 

On the day of transfer to the medical service the red blood cell count was 4,300,000 per 
e.mm. ; hemoglobin, 70 per cent (Salili) ; white blood cells, S00 per c.nini.; polymorphonuclear 
neutrophiles, 8 per cent. Two days later the leucocyte count was 450 per c.mm., polymorpho- 
nuclear neutrophiles, 27 per cent; large lymphocytes, 3S per cent; small lymphocytes, 31 
per cent; monocytes, 4 per cent. On the fifth day of pentnucleotide therapy the white blood 
cell count was 3,050 of which 32 per cent were neutrophiles. Subsequently, at the height of 
the pneumonic process, the count increased to a maximum of 22,000, S3 per cent neutrophiles. 
On Chart 5 are plotted a few of the significant neutrophile observations in this case. The 
intervening counts are, in general, in accord with tho curves shown. It is not intended to 
give a detailed record of this patient's neutrophilic reaction during her illness, but rather 



PAYS 


/oo 


90 


OO 


70 


60 



a. 


30 


20 


10 

O 


Chart 5. 


to portray the character of the reaction. It should be observed that during the first period 
of the illness, coincident with the acute pharyngitis, there is a high percentage of basophilic 
granule cells without neutrophilia. Later, with tho onset of pneumonia, the percentage of 
basophilic granulation again rises, but the factor interfering with response having been 
removed, there is a simultaneous increase in the total number of neutrophiles. 

It has long been known that chemicals possessing the benzene ring may de- 
press bone marrow function, and Iv racks , 13 from experimental evidence, had 
reason to believe that benzene compounds, in certain circumstances, exerted 
their action specifically on the leucopoietic elements of the bone marrow. Sell- 
ing , 20 much earlier, was able to produce a leueopenia, without anemia, in rab- 
bits by injecting benzene subcutaneously. However, it was not until the past 
year, following the reports of Madison and Squier 21 and of Watkins , 22 that a 
definite connection was established between severe neutropenia and the admin- 
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istration of certain drugs commonly employed in the practice of medicine. Of 
these the most conspicuous offender is amidopyrine. The action of this drug can 
only be surmised at present. The commonly accepted view is that in some in- 
dividuals an idiosyncrasy to amidopyrine and related compounds exists with 
a resulting allergic reaction affecting the leucopoietic elements of the bone 
marrow. However, the high percentage of immature forms, in spite of the 
neutropenia, indicates that the bone marrow is at least capable of making an 
effort to respond. The explanation may lie, as suggested by Isaacs , 23 in the 
induction by the drug of an increased excretion of the neutrophiles into the 
alimentary tract. 


Case 6. — F. P. Typhoid fever. Extreme neutropenia. A young woman of twenty 
years, born in America of Polish ancestry, was transferred from the psychopathic service 
of the University Hospital to the Simpson Memorial Institute complaining of extreme malaise, 
feverishness, and lower abdominal pain. Six weeks previously she had been admitted to the 
psychopathic institution with a ‘ ‘ psychiatric status typical of crude conversion hysteria in a 
feeble-minded individual.” The medical history was not significant except that two months 
before her admission she contracted a severe upper respiratory infection with sore throat and 
fever. This iUness lasted two weeks and left her weakened, depressed, and emotionally un- 
stable. The nature of the treatment given at this time is not known, and no blood counts 
were made. The patient’s course while on the psychopathic service was uneventful. Two 
weeks after her admission twelve carious teeth were extracted without sequelae. No drug 
therapy was given. On the day preceding her transfer she complained of generalized lower 
abdominal pain, was nauseated and vomited. The temperature was 103.6° F. Repeated blood 
counts revealed a progressive reduction of white cells affecting particularly the neutrophiles, 
and on the evening following the onset of symptoms she was transferred. It is probable that 
the acute illness was of longer duration than the records indicate, but because of the patient's 
unresponsiveness it was not recognized earlier. The temperatures of patients on the psycho- 
pathic service are not taken routinely. On examination the patient appeared acutely ill; 
facies apprehensive and dull; pharynx definitely reddened, but without exudate; lungs clear; 
heart negative; generalized moderate tenderness over the lower abdomen with increased 
muscle tonus, but no localized rigidity. Temperature was 106° F. ; pulse, 88; respirations, 32. 
In spite of no known source of infection (no instances of typhoid fever had occurred in the 
psychopathic institution for a number of years), typhoid fever was suspected and its presence 
confirmed by blood culture, and serum agglutination tests. In addition to the usual measures 
of treatment 10 c.c. of 7 per cent pentnucleotide solution was given intramuscularly twice 
daily for five days, because of the persistent extreme neutropenia. Later intramuscular liver 
extract was used. Two transfusions each of 500 c.c. citrated whole blood were given. No 
symptomatic improvement nor significant increase in the white blood cell count followed these 
therapeutic measures. Eight days after recognition of the acute illness she died, following 
evidences of intestinal hemorrhage. 


At the time of transfer to the Simpson Memorial Institute the red blood cell count was 
2,530,000 per c.mm.; hemoglobin, 50 per cent (Sahli); white blood cells, 650 per c.mrn.; 
polymorphonuclear neutrophiles, 20 per cent; eosinophiles, 0; basophiles, 0; large lymphocytes, 
31 per cent; small lymphocytes, -17 per cent; monocytes, 2 per cent. A tabulation of the 
leucocyte counts, including those made before the onset of' the acute illness, is given in 
Table II. The character of the neutropliile reaction, both before and during the acute 
illness, is portrayed in Chart 6. Throughout the rapidly fatal course of the disease, and in the 

face of an increasing degree of basophilic granulation, there is little change in the character 
of the bone marrow response. 

Tll ° weropsy findings in this case include typhoid fever in stage corresponding to second 

t*-* «— *4 

, catizea peritonitis, hyperplasia of retroperitoneal lymph nodes 
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This was followed by empyema. She was transferred to the Department of Thoracic Surgery 
where open drainage was done. After a stormy convalescence she was able to leave the 
hospital fifty-four days after her admission. 

On the day of transfer to the medical service the red blood cell count was -1,300,000 per 
c.mm.; hemoglobin, 70 per cent (Sahli) ; white blood cells, S00 per e.mm.j polymorphonuclear 
neutrophiles, S per cent. Two days later the leucocyte count was 450 per c.mm., polymorpho- 
nuclear ncutrophiles, 27 per cent; large lymphocytes, 3S per cent; small lymphocytes, 31 
per cent; monocytes, 4 per cent. On the fifth day of pentnucleotide therapy the white blood 
cell count was 3,050 of which 32 per cent were neutrophiles. Subsequently, at the height of 
the pneumonic process, the count increased to a maximum of 22,000, S3 per cent neutrophiles. 
On Chart 5 are plotted a few of the significant neutrophile observations in this case. The 
intervening counts are, in general, in accord with tho curves shown. It is not intended to 
give a detailed record of this patient 's neutrophilic reaction during her illness, but rather 
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Chart 5. 


to portray the character of the reaction. It should be observed that during the first period 
of the illness, coincident -with the acute pharyngitis, there is a high percentage of basophilic 
granule cells without neutrophilia. Later, with tho onset of pneumonia, the percentage of 
basophilic granulation again rises, but the factor interfering with response having been 
removed, there is a simultaneous increase in the total number of neutrophiles. 

It lias long been known that chemicals possessing the benzene ring may de- 
press bone marrow function, and Kraeke , 19 from experimental evidence, had 
reason to believe that benzene compounds, in certain circumstances, exerted 
their action specifically on the leucopoietic elements of the bone marrow. Sell- 
in" 20 much earlier, was able to produee a leucopenia, without anemia, in rab- 
bits by injecting benzene subcutaneously. However, it was not until the past 
year following the reports of Madison and Squier 21 and of Watkins , 22 that a 
defniite connection was established between severe neutropenia and the admin- 
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Table II 

Leucocyte Counts on Case G 




1-"-L ~ 




PER CENT 





W.B.C. 

META- 

MYELO- 

CYTES 

nonfila- 

VILA- 



LARGE 

SMALL 

MONO- 

DATE 

per 

MENT 

MENT 

eosino- 

BASO- 

LYMPHO- 

LYMPHO- 

C.MM.. 1 

NEUTB.O- 

NEUTRO* 

PHILES 

PHILES 

CYTES 

CYTES 

CYTES 



PKILES 

PIIILES 






5/10/33 

5/16 

6,100 

4,900 

0 

0 

8.6 

12.0 

50.0 

41.0 

1.0 

2.0 

1.0 

0 

18.0 

25.0 

11.0 

18.0 

5.0 

2.0 

6/13 

11 A.U. 

5,100 

0.5 

13.5 

14.0 

0 

2,0 

38.0 

23.0 

9.0 

6/13 

7 r.M. 

600 

1.0 

12.5 

11.5 

0 

0 

36.0 

23.0 

16.0 

6/13 

10 r . M . 

050 

2.0 

11.0 

7.0 

0 

0 

41.0 

26.0 

13.0 

6/11 

650 

4.5 

33.0 

16.5 

0 

0 

25.0 

16.0 

5.0 

6/15 

1,000 

1.5 

33.0 

16.5 

0 

0 

28.0 

18.0 

3.0 

6/16 

950 

2.5 

18.0 

16.5 

0 

0 

45-0 

17.0 

1.0 

G /17 

700 

1.0 

20.0 

18.0 

0 

0 

47.0 

11.0 

2.0 

6/18 

500 

5.0 

24.0 

23.0 

0 

0 

35.0 

12.0 

1.0 

6/19 

1,350 

5.0 

22.0 

15.0 

0 

0 

44.0 

14.0 

0 

6/20 

650 

6.0 

17.0 

I 12.0 

0 

0 

46.0 

18.0 

1.0 


No attempt has been made to formulate theories concerning the mechanism 
of the bone marrow response to infection, based on the clinical material presented 
here. The foregoing eases ate reported as unusual types of myelocytic reaction 
to infection, and are illustrative of the ways in which primary disease of the 
hone marrow, or of the internal factors regulating hematopoiesis, may alter the 
nature of the response. 

conclusions 

The response of the hone marrow to infection is dependent upon its pre- 
existing functional state, as well as upon the nature and severity of the infec- 
tious process. 

The estimation of the number of neutrophiles in the circulating blood and 
their classification into nonfilament and filament nuclear forms does not dif- 
ferentiate between the intrinsic and extrinsic factors involved in the response. 
The occurrence of basophilic granules in the cytoplasm of the neutrophiles is, on 
the other hand, solely a result of the infection. 

The total neutrophile count may be regarded as a measure of the degree 
of the bone max-row response, the percentage of nonfilament or immature forms 
as an indication of the effort of the response, and the percentage of neutrophiles 
exhibiting basophilic granulation as a sign of the severity of the infection. By 
correlation of these data, obtained from successive blood examinations of the 
same individual, it is possible to ascertain the nature of the bone marrow re- 
sponse as well as the progress of the infection. 

Six cases aie lepoited of infection in the presence of various types of bone 
marrow dysevasia which illustrate the manner in which this correlation is car- 
ried out. In these eases the percentage of neutrophiles exhibiting cytoplasmic 
basophilic granulation gives a more accurate indication of the severity and the 
progress of the infection than either the total number of neutrophiles per eubie 
millimeter or their degree of immaturity. Of the four fatal cases presented, 
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and spleen; focal necroses in liver; aeuto purulent bronchitis and bronchopneumonia. .Micro- 
scopic examination of the marrow of the sterum, ribs, and vertebrae revealed a cellular 
marrow with a preponderance of erythroblastic elements. 

This case of typhoid fever is remarkable because of the extreme neutropenia 
(130 neutrophiles per c.mm.); its rapid development; and its occurrence during 
the first week of the disease. Thayer 21 found the lowest of S32 leucocyte counts 
made on uncomplicated cases of typhoid fever to be 1,000 cells per c.mm., the 
lowest neutrophilic percentage, 24.6, but as the leucocyte and differential counts 
are not correlated it is difficult to use his data for comparative purposes. Austin 
and Leopold 25 reported a case of more severe neutropenia than the one presented 
here, but in their patient the neutropenia developed in the third week of the 
disease and was accompanied by a great increase of lymphocytes, attaining 9S 
per cent, or 8,448 per c.mm. 



The explanation of our patient’s neutropenia probably lies in Schilling’s 26 
theory of leucopoietic paralysis by the toxemia of the infection with consequent 
“degenerative left nuclear shift.’’ Whether the extreme effect was due to an 
especially virulent strain of B. typhosus, or to a primary functional defect of 
the bone marrow, it is impossible to say, but it is perhaps suggestive that the 
blood counts made before the acute illness revealed a reduction of all elements 
of bone marrow origin. There was a moderate degree of orthoehromie anemia, 
a decrease in platelets, and a neutropliile count at or below the lower limit of 
normal. It may be justifiable to regard this case as one of constitutional hypo- 
plasia of the bone marrow with unusual susceptibility to the toxic properties of 
the typhoid bacillus. 



ELLIPTICAL HUMAN ERYTHROCYTES* 


Observations of Size, Volume and Hemoglobin Content 


D. J. Stephens, M.D., and A. J. Tatelbaum, M.D., Rochester, N. Y. 


T HE occurrence of oval or elliptical erythrocytes in the blood of otherwise 
apparently normal individuals was first reported by Dresbach 1 in 1904. In 
a recenti comprehensive review of the literature, McCarty* has collected reports 
of 79 instances of this abnormality of the red blood cells. The familial nature 
of the condition was suspected by Dresbach and has been amply confirmed, in 
particular, by studies of the families reported by Hunter and Adams 3 - 4 and 
by Cheney. 5 It is the purpose of the present report to present hematologic 
observations of fifteen members of a family, eight of whom exhibited elliptical 
erythrocytes. 

Rose I., a thirty-five-year-old Italian housewife, was admitted to the Gynecological 
Service of the Rochester Municipal Hospital in July, 1933, for dilatation and curettage be- 
cause of excessive menstrual bleeding. There had been no symptoms of anemia or other 
blood disorder. Her father had died in Italy at the age of forty-five, after a five-year 
illness, during which his ‘ ‘ blood turned to water. ’ ' The patient had four healthy children. 
Her mother, sister, and three brothers were living and well. 

Physical examination showed a well-developed and nourished woman who did not appear 
ill. The mucous membranes were of good color. There was no glandular enlargement. The 
heart and lungs were apparently normal. Blood pressure was 102 mm. Hg systolic, 60 
diastolic. There was slight tenderness over the right side of the abdomen and over the liver 
edge, which was felt just below the costal margin. The spleen was not palpable. On pelvic 
examination the cervix uteri was found to he enlarged, lacerated and reddened, with widely 
patent external os. There were small external and internal hemorrhoids. 

At the first examination the Ted blood cells numbered 5,100,000 per c.mm., white blood 
cells 9,000 per tm, hemoglobin 12.8 gm. per 100 c.c. of blood. The differential leucocyte 
formula was normal but in examining the blood film it was noted that the erythrocytes varied 
markedly in shape, with a large percentage of oval and elongated forms. Subsequent studies 
revealed that the variation in shape was constantly present in preparations of the patient’s 
blood and in that of several members of her family. Reticulocyte counts varied between 
0.2 and 1.2 per cent. In hypotonic saline, hemolysis of the red blood cells began at 0.38 per 
cent sodium chloride wa3 complete at 0.26 per cent. In the control, hemolysis began at 
0.10 per cent, was complete at 0.28 per cent. Other laboratory procedures, including urinalysis, 
stool examination, blood IVassermann reaction and cholecystogram, showed no abnormalities! 
Histologic examination of uterine curettings showed normal endometrium. For a few months 
some menorrhagia continued and there was occasionally a small amount of bleeding from 
hemorrhoids. These symptoms were accompanied by a slight decrease in hemoglobin and 
red blood cells. 


. t. 'F rorTl tbe Departments ot Medicine and of Obstetrics end 
mis l 0C ' CStQr Scho ° l ot Medicine and the Strong- Memorial and thc Rochest 


of the University 
Municipal Hospi- 


Rccelvcd for publication. May 22, 193 4 . 
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pathologic diagnoses were available on three, and so far as the methods of ex- 
amination permitted, the conclusions arrived at by the blood studies were con- 
firmed. 
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variation in different films taken though the majority of 

were encountered in wet than m d IP P dollgated , rodlike and irreg- 

the “elliptical” cells " 01 '“ 0, “' “ n each preparation. The relative frequency 
ularly shaped cells wcic obscit cclls in both net and dry prepaia- 

of oval, elongated and niegu y o£ in tcrracdiate forms were en- 
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countered so that determine ion the ova i and elongated cells were 

rough estimates. In the we pl of the ce lls were uniformly blunt and 

apparently biconcave ellipsoids, i ie ^ to the po ikilocytes com- 

rounded. In general appearance J anemias> Crescent forms and fila- 

monly seen in the microcytic an gickle . cell anemia were not seen. 

mentous processes charac en morp hologic appearance the oval and 

In staining characteristics a » cells . In Fig. 2 are shown photo- 
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It Yvas possible to secure blood for study from fifteen members of three 
generations of the family. Seven of these showed abnormalities in shape of the 
red blood cells similar to those observed in tire patient (Fig. 1). Two of the 
younger children refused permission for venipuncture; in these, examinations 
were limited to capillary blood. Carrie E. refused permission to examine the 
blood of her four children. With the exception of Eose I., all of those examined 
were without complaints and were apparently healthy; none of them presented 
evidence of anemia, glandular enlargement, or splenomegaly. 

Blood for fresh sealed preparations, fixed smears and reticulocyte counts 
was obtained from the lobe of the ear. The fixed smears were dried in air 
and stained ivith Wright’s stain. Beticuloeytes were enumerated in "wet” 
preparations stained with brilliant cresyl blue. The cell counts, hemoglobin 
estimations and volume of packed red blood cells were determined in venous 
blood, 5 e.e. of which were drawn into a bottle containing 0.01 gm. of dry 
potassium oxalate. The blood was thoroughly mixed before sampling. For the 



FifT. 1. — Familial distribution of elliptical erythrocytes. 


estimation of the reticulocyte counts and the percentage of abnormally shaped 
erythrocytes in fresh sealed and fixed preparations, 1,000 erythrocytes were 
enumerated under the oil immersion lens. Hemoglobin was determined with a 
Sahli hemoglobinometer standardized by oxygen capacity. In order to reduce 
the error in estimating the number of red blood cells, the average of two counts 
was taken for each determination. Pipettes and counting chambers certified 
by the Bureau of Standards were used. Volume of packed red cells was de- 
termined by means of the Wintrobe hematocrit tube and corrected for shrink- 
age due to the anticoagulant. The mean corpuscular volume, mean corpuscular 
hemoglobin, and mean corpuscular hemoglobin concentration were calculated 
according to the formulas given by Wintrobe. 6 In estimating the diameter of 
erythrocytes in fixed, stained smears, 500 cells were measured in two dimen- 
sions by means of an ocular micrometer which had been calibrated for microscopic 
tube length and working conditions. 

In the blood of the eight individuals with elliptical erythrocytes, the per- 
centage of the abnormally shaped cells varied from 20 to 56 per cent. They were 
present in greatest numbers in the blood of Eose I. There was considerable 
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, * V r.,\ polls In each instance the number 

in hemoglobin and volume ot pat v . • increase in the icterus 

fixed smears°tlm platelets appeared to be normal in number and ^ructme. 

* 

J ’ . , ,,,„.,o,irT-inents of the red blood cells were made m fixed, stained 

Two dimensional . ^ ,. !ood ,j f„ ur individuals with elliptical cells 

Id h, LvTiects of similar age with normal colls. The results of these 
and m tom su *.1 j 0 f the four normals, the figures are m 

Scem^wSie values given by MccW and hy Wischnewsky for the 
mean diameter of normal human erythrocytes in Used, stamed smears. In eon- 



, uronimncv distribution curves of red blood cell diameters in two individuals with el- 
Kig. 3 erythrocytes and in two subjects with red blood cells of normal shape. 


trast, the round cells of those individuals exhibiting a large number of elliptical 
cells were consistently and significantly smaller, averaging 6.52 microns in di- 
ameter. Frequency distribution curves of round cell diameters of two members 
of each group are shown in Fig. 3. The calculated average diameter of the 
elliptical cells was about the same as the observed diameter of the round cells. 
Measurements of the length and width of the oval and elongated cells were 
scattered over a wide range, as indicated in the table. However, the majority 
of the abnormally shaped cells were oval in outline and the variation in the 
average dimensions of these cells was of approximately the same magnitude as 
for the round cells. In considering the above results it should he noted that 
drying and staining causes an appreciable shrinkage of erythrocytes, so that 
cells in fixed, stained preparations are 1 to 1.5 microns smaller than the same 
cells in plasma, serum, or isotonic saline. 




378 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


preparations. On three occasions the cells were studied before and after twenty 
minutes’ exposure to carbon dioxide according to the technic described by Hahn 
and Gillespie. 7 No change was noted in the shape of the cells or in the fre- 
quency of the abnormal forms. The appearance of the cells, their behavior under 
the above conditions, the familial distribution and the lack of significant anemia 
identified the anomaly as that which has been described as “elliptical human 
erythrocytes” or “ovalocytosis.” 

Quantitative hematologic observations are summarized in Table I. In 
affected individuals, the erythrocytes were uniformly above 5 million per c.mm., 
but the hemoglobin was not correspondingly increased. In spite of the apparent 
polycythemia the volume of packed red blood cells was within normal limits, 
so that in each instance the mean corpuscular volume and mean corpuscular con- 
tent of hemoglobin were definitely decreased. However, the degree of saturation 
of corpuscular mass with hemoglobin (MCHC) was not significantly lowered. 
In those members of the family whose red blood cells were considered normal, 
corpuscular volume and hemoglobin content were well within the generally ac- 
cepted normal range. In two of the latter group, the erythrocytes numbered 
more than 5 million per c.mm., but in these there was a corresponding increase 


Table I 

Hematologic Observations of Fifteen Members of the Family of Bose I. 
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8/17 

+ 

12.3 

5.91 


E 

ESS 


1.2 

8,850 



2/16 

+ 

11.3 

5.46 

131 

Ell 

Pa 


0.2 


Sam I. 

9 

8/17 

+ 

12.75 

7.15 

38.0 

53.1 

17.8 

33.5 



Josephine I. 

' S 

S/17 

+ 

12.15 

5.51 

36.0 

65.4 

22.1 

33.8 

EES 

9,250 

Joe G. 

43 

8/10 

4* 

15.5 

7.27 

46.8 

64.3 

so 

33.1 


7,650 



8/24 

+ 

15.0 

8.06 

46.8 

58.1 

IS. 6 

32.1 

1.2 

KjOMJ 

Sam G. 

17 

8/24 

+ 

13. S 

6.80 

43.1 

63.4 


32.0 


9,100 

Mary G. 

11 

8/24 

+ 

13.2 

7.98 

40.3 


16.5 

HI 


8,500 

Jack G. 


8/24 

+ 

12.6 

5.72 

38.1 

66.6 


33.1 


8,400 

Carrie R. 

37 


+ 

15.0 

5.36 

40.9 

76.2 


36.7 


6,S00 
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+ 
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20.9 
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Prudence G. 

67 

9/27 

0 

15.45 

4.94 

43.6 

8S.1 

31.2 
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Frank I. 

10 
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0 

14.85 

4.82 

42.5 
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Florence I. 

5 

8/17 

0 









James G. 

8 

8/24 
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12.45 

4.33 

36.0 

S3.1 

2S.8 

34.6 


12,500 

Caroline G. 

7 

8/24 

0 

14.25 

4.90 



29.1 


1.0 

19,500 

Nick G. 

31 

8/10 

0 

1S.1 
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50.1 
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17.7 
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86.8 
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45.9 
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C. V. mean corpuscular volume in cubic microns. 

C. H. mean corpuscular hemoglobin in micromicrograms. 

C H. C., mean corpuscular hemoglobin concentration in per 


cent. 
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The nature and etiology of the observed abnormality have been the sub- 
ject of much discussion. Several observations are on record of studies of bone 
marrow obtained at autopsy or by sternal puncture. 0 - 10 - u > 12 - 13 Red blood cell 
progenitors have uniformly been round in shape, although mature erythrocytes 
in sections of bone marrow and other tissues have appeared similar in outline 
to tlio.se observed in preparations of circulating blood. Nucleated red blood 
cells have not been observed in the peripheral circulation. During the present 
study a large proportion of the reticulocytes observed in the blood of affected 
individuals were definitely oval in outline but the degree of elliptieity was not 
marked. No elongated or grossly irregular reticulocytes were seen. The ab- 
normality in shape persists in various isotonic solutions, in surviving cells in 
hypotonic saline, in the scrum of normal individuals and in the presence of 
the usual anticoagulants. The percentage of abnormally shaped cells in cases 
reported in the literature has varied from 10 per cent to more than 90 per cent; 
there are no recorded observations of 100 per cent elliptical cells. In the same 
patient, considerable variation in frequency and degree of poikiloeytosis is en- 
countered in individual preparations taken at the same or different times. In 
general the anomaly is more marked in wet than in dry preparations. Terry, 
Hollingsworth and Eugenio 10 cite experiments which indicate that the tempera- 
ture and the degree of trauma to which the cells are subjected in preparing them 
for examination may influence their shape, and that the oval cells are heavier 
and more resistant to hypotonic saline than are the round erythrocytes. The 
authors and others 2 have been unable to confirm these observations. Two di- 
mensional measurements indicate that the abnormally shaped cells are of ap- 
proximately the same size as the round cells and that the variability of distribu- 
tion of cell size is approximately normal. In both wet and fixed preparations 
the normal and abnormal cells appear to be similar morphologically except for 
the difference in shape. It is probable that in affected individuals the potential- 
ity for the deformity is possessed by all the mature erythrocytes, perhaps to a 
lesser degree by the nonnueleated reticulocytes. The factors which determine 
the observed shape of individual cells have not as yet been clearly defined. 

In the authors’ eases, each of the affected individuals showed a definite 
decrease in mean corpuscular volume and in mean corpuscular hemoglobin con- 
tent. Two dimensional measurements of the erythrocytes in fixed, stained smears 
indicated that both the round and abnormally shaped cells contributed to the 
decrease in mean cell volume. The decrease in average cell size was partially, 
in some instances completely, compensated for by an increase in the red blood 
cell count so that the average volume of packed red blood cells was approximately 
normal. Except for a shift toward the smaller cell groups, the frequency dis- 
tribution curves of cell size was approximately the same in the affected as in 
the normal individuals (Pig. 3). This may be contrasted with the increase in 
variability of cell size and the marked broadening and flattening 0 f the fre 
quency distribution curve, which usually accompany the poikiloeytosis of the 
macrocytic and microcytic anemias. 2 A similar increase in variability of cell 
size may occur m those individuals with elliptical erythrocytes who also present 
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THE COLLOIDAL GOLD REACTION IN 500 CASES OF 
NEUROSYPHILIS* 

William C. Mexxixgek, M.D., Topeka, Kax., and 
Leox Bromberg, M.D., Chicago, III. 


T HE following brief report concerns the colloidal gold reaction in 500 cases of 
neurosyphilis, with particular attention to the variations in the curve in the 
different clinical types of the disease. The diagnosis in every instance was based 
primarily on the clinieal picture, aud was supported by a positive cerebrospinal 
fluid Wassermanu test in all eases. The 500 patients were unselected and many 
had had varying amounts of antisyphilitic treatment before coming to the 
clinic. 


The colloidal gold reaction in neurosyphilis has been the subject of a great 
many investigations, both with regard to its diagnostic and prognostic value. 
The most recent comprehensive study was made by Novy 1 who analyzed the 
colloidal gold reaction in the cerebrospinal fluids of 500 cases of neurosyphilis. 
As a control the author used 200 cases of systemic syphilis without central 


nervous system involvement. Nory concluded: that syphilis without central 
nervous system invasion may frequently produce some change in the colloidal 
gold reaction; that no one type of neurosyphilis presents a constant curve; that 
first zone curves, even when pronounced, do not necessarily indicate general 
paralysis; that a middle zone curve is not of diagnostic significance since it 
occurs frequently in all types of neurosyphilis; and that there is not sufficient 
uniformity m the changes in general to merit prognostic significance 

The results of the present investigation are shown in Table I The 
colloidal gold tests were all carried out in the same laboratory according to 
t i!L^! na,nd oehme ’ US1 "S a gold sol prepared by the method of Levine, 2 the 

•Receive 1 for publication. May 2S, 1331. 
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In previously reported eases, the red blood cells have been in excess of 
5 million per c.mm. in only a few instances. In the majority there have been 
varying degrees of anemia, with the color index usually below one. One would 
expect the latter finding to be accompanied by a decrease rather than an in- 
crease in the mean corpuscular volume. The available literature contains few 
observations of the size of elliptical human erythrocytes. In Drcsbach’s case, 1 
average size of the elliptical cells was 10.3 by 4.1 microns; extremes in length 
were 10.7 and S.5 microns, in width 4.8 and 3.9 microns. The cells of Bishop’s 
patient 14 were measured in dry films; the round cells averaged 8.5 microns in 
diameter, the elliptical cells varied in length from 17 to S.2 microns, in width 
from S.O to 3.2, averaging 13 by 5 microns in size. Svdenst richer 13 recorded 
variations of from 13.0 to S.5 microns in length, 4 to G microns in width, with 
the round cells S to 8.5 microns in diameter. Huck and Bigalow 10 measured 
the cells of one of their patients in both wet and dry preparations. In the 
former the round cells varied from 6 to 11 microns in diameter, in the latter 
from 5 to 9 microns; in this patient the red blood cell count was well over 5 mil- 
lion per c.mm. and the color index was about 0.8. In a patient with anemia and 
color index less than one, Hunter and Adams 3 found the round cells to have 
a mean diameter of 9 microns. In two of McCarty's patients, both with anemia, 
the volume index was 1.23 and 1.50.- In the latter, the mean diameter of the 
round cells measured in wet preparations was only S.O microns, in spite of the 
high volume index; in this patient the oval cells measured 13.3 by 5.7S by 2.S9 
microns. The variations in recorded observations are difficult to interpret be- 
cause of failure in some instances to indicate the method used or the conditions 
under which the cells were measured. Observations of additional cases under 
controlled conditions must be made before it can be said with certainty that 
definite abnormalities in size and hemoglobin content are characteristic of 
elliptical human erythrocytes. 

SUMMARY 

1. Hematologic studies are presented of fifteen members of an Italian 
family, eight of whom exhibited elliptical erythrocytes. 

2. In each of the affected individuals, there was an increase in the number 
of red blood cells per cubic millimeter with definite decrease in mean corpuscu- 
lar volume and mean corpuscular hemoglobin. In general the number of red 
blood cells was inversely proportional to the mean cell volume and hemoglobin 
content. 

3. Two dimensional measurements of cells in fixed, stained smears indicated 
that the decrease in size involved the round cells and the abnormally shaped 
cells to approximately the same extent, without increase in the variability of 
distribution of cell size. 

4. In the unaffected members of the family the erythrocytes were normal 
in shape, size, volume, and hemoglobin content. 
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CONCLUSION 

1. Aii analysis of the colloidal gold reaction in the cerebrospinal fluids of 
500 patients suffering from neurosyphilis showed no constant correspondence 
between the pattern and degree of precipitation and the type of central nervous 
system involvement. 

2. The colloidal gold curve, while of considerable confirmatory value in 
the presence of clinical signs of general paresis, is in itself not diagnostic. 

REFERENCES 

X. Novy, F. G.: The Significance of the Colloidal Gold Reaction as a Diagnostic and Prog- 
nostic Aid in Neurosyphilis, Am. J. M. Sc. 183: 401, 1932. 
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A COMPARISON OF VARIOUS CONCENTRATIONS OF SODIUM 
OXALATE SOLUTION WITH HEPARIN FOR THE DETER- 
MINATION OF PACKED CELL VOLUME* 


Orville S. Walters, Ph.D., St. Louis, Mo., 
and James W. May, Lawrence, Kan. 


T HE utilization of standard centrifuge tubes for the routine determination 
of packed cell volume appears to have originated with Keith, Rowntree 
and Geraghty (1915) in connection with blood volume studies. They em- 
ployed dry oxalate as an anticoagulant. The use of an isotonic oxalate solu- 
tion to prevent shrinkage of cells was suggested by Hooper, Smith, Belt, and 
Whipple (1920) who introduced 1.6 per cent sodium oxalate solution for this 
purpose. 

The choice of this eoncenti*ation of sodium oxalate was based, by these in- 
vestigators, both on physicochemical relations and biologic tests. In the first 
instance, they ascertained from chemical tables that a 1.6 or a 1.7 per cent 
solution of sodium oxalate would be approximately isotonic with a 0.95 per 
cent solution of sodium chloride if the dissociations of sodium and potassium 
oxalates were not far different. 

The biologic tests consisted of three experiments. Ten cubic centimeters 
of defibriuated dog’s blood were placed in each of eight tubes. Seven of these 


contained 2 c.e. quantities of sodium oxalate in concentrations varying from 


1.0 to 1.6 per cent. The eighth tube contained no anticoagulant. Two such 
sets of tubes were centrifuged at 3,000 r.p.m. for one-half hour in the first 
experiment. The second experiment was identical except that blood from a 
different dog was used. Comparison of the single control tube with the others 
in each of these four series showed that the packed cell volume in the tube 
containing 1.6 per cent oxalate solution was closest to control value. 

In the third experiment, blood from a dog in peptone shock was em- 
ployed. Four tubes of this blood were centrifuged. Three contained 2 


c.e. 


•From tl.e Department of Physiolofry, University of Kansas. 
Iteeoht.il for pufolfcation, June IS, 1034. 
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director of the laboratory. For convenience, we have grouped the curves into 
five classes: (1) a low first zone curve in which the change was limited to the 
first zone of the curve, and maximum color change did not exceed the value in- 
dicated by the number ‘‘3”; (2) a strong first zone reaction, in which the 
maximum was “4” in at least one tube; (3) the so-called "paretic" reaction, in 
which the change was in the first zone, and reached a maximum of "5,” usually 
in two or more tubes; (4) a low second zone curve, in which the change was 
limited to the second zone and the maximum color change was '‘3" or less; (5) 
a strong second zone reaction with the maximum color change reaching ”’4" or 
“ n ’ ’ 

T.Mir.K I 


COLLOIDAL GOLD 
REACTION 

PARESIS 

• 

TABO- 

PARESIS 

MENINGO- 

VASCULAR 

XEUROSYPU- 

ILIS 

TABES 

DORSALIS 

ASYMP- 

TOMATIC 

NEURO- 

SYPIIILIS 

NO. OF 
CASES 

PER 
| CENT 

NO. OFj 
CASES j 

PER 

CENT 

NO. OF 
CASES 

PER j 
CENT j 

NO. OF 
CASES 

PER 

CENT 

NO. OF 
CASES 

PER 

CENT 

Negative 

0 

i 0 

0 

0 

1 i 

7.7 

4 

3.0 

14 

4.7 

(1) Low zone I 

3 

7.9 

4 ) 

10.5 

o 

15.4 

31 

23.3 

53 | 

17.S 

(2) Strong zone I 

3 

1 7.9 

3 

15.8 

5 j 

3S.4 

25 

18.5 

G5 

21.9 

(3) “Paretic" 

27 

i 71.1 

11 

57.S 

! 4 

30.S 

52 

39.0 

so 

2S.9 

(4) Low zone II 

1 0 1 

0 

O 

10.5 

0 

0 

8 

G.l 

43 

14.5 

(5) Strong zone II 


7.9 

0 

0 

0 

0 

11 

S.3 

33 

11.1 

Not done 

1 2 , 

o.2 

1 

5.2 ] 

1 

1 7.7 

4} 

1.5 

3 

1.0 

Totals 

i 38 

100.0 

19 

loo.o ! 

13 

100.0 

133 

100.0 

297 

100.0 


General Paresis . — From Table I it is evident that 71.1 per cent of the 3S 
eases of paresis presented the maximum first zone reaction, often regarded in the 
past as specific for this type of neurosyphilis. Only 65 per cent of the 100 cases 
of general paralysis reported by Novy 1 showed the typical maximum first zone 
curve. 

Taboparesis . — As expected, this group showed the next highest percentage 
(57.8 per cent) of cases with the maximum first zone curve, as compared with 
32 per cent in Novy’s series. In our cases only two (10.5 per cent) showed a 
change limited to the second zone and, in both instances, the changes were slight. 

Meningovascular Neurosyphilis , — This series of only 13 cases was too small 
to allow definite conclusions. All fluids in this series showed a deviation of 
the colloidal gold curve in the first zone. 

Tabes Dorsalis . — The significant finding in this group of 133 eases was the 
large percentage (39 per cent) with a maximum first zone, or so-called "paretic” 
type of curve. (Only 11 per cent of Novy’s 100 cases of tabes dorsalis showed 
this type of reaction.) Four of our eases showed no change in the colloidal 
gold reaction despite very definite clinical evidence of tabes, as well as a positive 
cerebrospinal fluid Wassermann test. 

Asymptomatic Neurosyphilis, — In this large series of 297 cases, we found 
28.9 per cent showing the so-called "paretic” type of curve, and 6S.6 per cent 
showing some change limited to the first zone as compared to 25.6 per cent show- 
in 0- changes limited to the second zone. Fourteen cases (4.7 per cent) showed no 
change in the colloidal gold reaction. 
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Two centrifuges were used in the experiments, uu interim tional 1SB and 
an International 1C. Each has a working radius of 9 cm., but the ioimei uas 
run at a speed of 3,600 v.p.m. while the latter was rotated at 2,800 r.p.ffl. 

In all, 50 experiments were conducted, A total of 800 tubes were centri- 
fuged and read, less a few which broke in the machines. The concentrations 
of sodium oxalate compared were 1.35 per cent, 1.4 per cent, 1.5 per cent, 1.6 
per cent and 1.7 per cent. The accuracy of the solutions was cheeked by a 
titrimetric method. 

RESULTS 

The average figures for the experiments using 1.4, 1.5, and 1.6 per cent 
oxalate solutions are shown in Tables I, II, and III. In Table IV, the com- 
parative data for all concentrations of oxalate compared are summarized. 
Prom this table it is apparent that 1.35 and 1.4 per cent solutions of oxalate 
are definitely hj'potouic, since the packed cell volumes are greater than those 
with heparin aloue. The 1.6 per cent and 1.7 per cent solutions are definitely 
hypertonic, giving packed cell volumes lower than heparin alone. The packed 


Table I 

Comparative Packed Cell Volumes 
Heparin and 1.4 Per Cent Sodium Oxalate Solution 


EXPERIMENT 

HEPARIN-OXALATE | 

HEPARIN ONLY 

PACKED CELL 
VOLUME 

STANDARD DEVIA- 
TION 

PACKED CELL 

VOLUME 

STANDARD DEVIA- 
TION 

16 

45.1 

0.755 

44.6 

0.464 

17 

37.7 

0.850 

38.5 

0.529 

IS 

42.5 

1.030 

41.6 

0.552 

19 

38.1 

0.775 

37.9 

0.458 

20 

36.9 

0.446 

36.7 

0.847 

21 

36.3 i 

0.421 

37.2 

0.815 

22 

31.5 

0.335 

31.4 

0.731 

23 

41.9 

0.187 

38.0 

0.423 

24 

36.0 

0.595 

36.2 

0.619 

25 

34.5 

0.414 

33.6 

0.432 

Mean 

38.05 

0.5808 

37.57 

0.5870 


Table II 

Comparative Packed Cell Volumes 
IXeparin and 1.3 Per Cent Sodium Oxalate Solution 



HEPARIN-OXALATE j 

HEPARIN ONLY 

EXPERIMENT 

PACKED CELL 

STANDARD DEVI A- 

packed cell 

STANDARD DEVIA- 


VOLUME 

riox 

VOLUME 

TIO.Y 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

34.8 

39.3 

35.5 

34.2 

34.5 

33.4 

36.6 

35.4 

34.9 

28.9 

0.609 

0.704 

0.65S 

0.32S 

0.434 

0.803 

0.480 

0.661 

0,476 

0.577 

34.5 

39.8 

38.9 

33.7 

34.7 : 

36.2 

33.5 

35.5 

34.9 

, 2S.5 

0.581 

0.470 

0.501 

0.595 

0.201 

0.501 

0.335 

0.446 

0.426 

0.414 

Mean 

35.2S 

0.5853 

' 35.25 

0.4530 
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respectively of 1.0 per cent, 1.4 per cent, and 1.7 per cent sodium oxalate 
solution, while the fourth contained no anticoagulant. In this experiment, 
the 1.4 per cent solution was hypotonic and the 1.7 per cent hypertonic. By 
interpolation, the point of isotonicity was considered to be 1.5 per cent. 

From these tests and the physicochemical data, a 1.6 per cent solution was 
adopted by Hooper and others as being approximately isotonic with dog's 
blood. This concentration was subsequently accepted by Iladen (1923) and 
various other investigators for use on human blood. 

The objections are raised by Van Allen (1925) to the work described 
above that in the defibrination of blood, corpuscles would necessarily be lost 
and also that the average size of erythrocytes is reduced in peptone shock. 
Either factor would tend to suggest the 1.6 per cent concentration as being 
too high. Van Allen states that a 1.5 per cent solution of oxalate is required 
for ascertaining the packed cell volume of rabbit's blood by the Hooper 
method. With his capillary hematocrit, however, Van Allen recommends 1.3 
per cent oxalate as being in best osmotic agreement with rabbit's blood. 

Smith and Prest (1932) adopted 1.3 per cent sodium oxalate in their 
studies on human blood after comparison of various concentrations with the 
Van Allen hematocrit. They report that this percentage gives values very 
close to those for whole blood. 

In the experiments conducted by Iladen (1930) on human blood with 12 
c.c. centrifuge tubes, 1.4 per cent oxalate gave packed cell volumes closer to 
the values obtained with hirudin and heparin than any other concentration. 
This per cent of oxalate has since been generally employed for routine use 
with human blood. 

The present study was made to determine by an adequate series of com- 
parisons the concentration of sodium oxalate which yields packed cell volume 
values for dog’s blood agreeing most perfectly with those in which heparin is 
employed as the anticoagulant. 


METHODS 

Two healthy 35 kg. dogs were used to furnish the necessary blood. They 
were alternated to avoid any pronounced anemia. In each experiment, a 100 
c.c. quantity of blood was withdrawn from the external jugular vein into 
a large syringe containing 1 c.c. of 0.35 per cent heparin in 0.9 per cent sodium 
chloride solution, an amount alone sufficient to prevent coagulation. The 
blood and heparin were thoroughly mixed in the syringe, then exactly 40 c.c. 
were run into a graduate cylinder containing 8 c.c. of the sodium oxalate 
solution to be compared. This was mixed carefully by inversion and immedi- 
ately divided equally among eight 12 e.c. graduated centrifuge tubes. 

The remainder of the heparinized blood was divided among a second 
series of 12 c.c. tubes. The two sets of tubes (16 in all) were then centrifuged 
for one hour, removed and read, and returned for additional rotation until 
the volume remained constant. After correction for the oxalate added, the 
percentages were calculated and recorded. All readings were made by the 
same individual. 
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The limit of error thus determined for the standard tube method in the 
present study averages 0.679 e.e. (standard deviation) or 1.71 per cent (co- 
efficient of variation) for heparin-oxalate tubes and 0.576 c.c. or 1.45 per cent 
for heparin alone. As this difference in variation became apparent in the 
course of the study, the procedure was varied slightly to ascertain the effect 
of different amo unts of blood, since a larger quantity was being used in the 
heparin series (7.5 e.c. in each tube) than in the oxalate series (5 c.e. in each 
tnbe) . 

The results are shown in Table V. A much smaller error, approximately 
1 per cent, was found when the amount of blood in the oxalate tubes was in- 
creased to 10 c.e. Likewise, the limit of error of the heparin tubes increased 
from 1.43 to 1.57 per cent when a smaller quantity of blood was employed. 

As a further modification in the method, both 15 c.e. and 12 e.c. tubes were 
used. The comparative data are given in Table VI. It will be seen that the 
error is slightly greater in the 15 e.c. than in the 12 c.c. tubes. 


Table VI 

Effect of Size of Tube Used 




heparin-oxalate 


HEPARIN 

SIZE OF TUBE j 

NO. 

ENPER. 

(o C.C. BLOOD) 

(7.5 C.C. BLOOD) 


NO. 

TUBES 

aver. 

STAND. 

DEV. 

COEFF. OF 
VARIATION 
(PERCENT) 

NO. j 
TUBES 

AVER. 
STAND, j 
DEV. 

! COEFF. OF 
VARIATION 
(PER CENT) 

15 c.c. 

20 

160 

0.7384 

1.860 

159 

0.6059 

1.526 

12 c.c. 

24 

191 

0.7010 

1.766 

IS 9 

0.5473 j 

1.379 


A careful cheek was kept of the number of tubes in which packing was 
complete at the end of one hour. Of the nearly 800 tubes, 97.5 per cent showed 
no change in volume after one hour of rotation. 


SUMMARY 


1. A series of 800 comparative packed cell volume determinations made 
by the standard centrifuge tube method on fifty 100 e.c. samples of dog's 
blood demonstrates that a 1.5 per cent solution of sodium oxalate gives values 
practically identical with those obtained with heparin. 

2. The minimum error found for the standard tnbe method was approxi- 
mately 1 per cent, obtained when 10 e.e. quantities of blood were employed. 
The error is proportionately greater when smaller quantities of blood are used. 
It is slightly less with 12 c.e. than with 15 e.e. tubes. 

3. Packing was complete after one hour of rotation in 97.5 per cent of cases. 


linden, Brt.: Accurate Criteria for Differentiating Anemias, Arch. Int. Med. 31: 766, 
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cell volume values obtained with 1.5 per cent sodium oxalate solution, how- 
ever, are practically identical with those in which heparin alone was em- 
ployed as the anticoagulant. 

Error of the Method . — The coefficient of variation derived from simultane- 
ous determinations on the same sample of blood has been used as a measure 
of the error inherent in the method. This apparently has not been ascertained 
for the standard tube method, although Wintrobc (1930) found variations no 
greater than 0.5 per cent with his 3 mm. bore hematocrit tubes. 

Table III 

Comparative Packed Cell Volumes 


Heparin and 1.0 Per Cent Sodium Oxalate Solution 


.. — 

HEPARIN 

OXALATE 

HEPARIN ONLY 

experiment 

PACKED CELL 

STANDARD DEVIA- 

PACKED CELL 

STANDARD DEVIA- 


VOLUME 

TION 

VOLUME 

TION 

36 

32.6 

1.0S2 

32.5 

0.466 

37 

37.0 

0.476 


0.576 

38 

3.7.4 

0.596 

30.2 


39 

22] 

0.3S5 

32.3 

0.256 

40 

32.7 


32.6 

0.737 

41 

29.5 

0.2S9 

30.3 


42 

46.3 

0.570 

4b. 4 

0.514 

43 

46.4 

0.765 

47. S 

0.975 

44 

44. S 

0.926 

44.9 


45 

43.3 

0.2S0 

44.6 

0.699 

Mean 

38.0S 

0.0414 

38.66 

0.5S42 


Table IV 

Summary or all Experiments Showing Comparison or Various Sodium Oxalate Solutions 

With Heparin 


NO. 

EXPER. 

CONC. or 
OXALATE 
SOLUTION 

heparin-oxalate 

HEPARIN ONLY 

DIFFERENCE 
OP OXALATE 
(PACKED 
CELL 

volume) 

NO. OP 

TURKS 

AVER. 

PACKED 

CELL 

VOLUME 

AVER. 

standard 

devia- 

tion 

NO. OP 
TUBES 

AVER. 

PACKED 

CELL 

VOLUME 

AVER. 

STANDARD 

DEVIA- 

TION 

15 

1.35 

120 

43.S6 

0.76S7 

120 

43.19 

0.5735 

+0.67 

10 

1.40 

so 

3S.05 

0.5S0S 

77 

37.57 

0.5S70 

+0.4 S 

10 

1.50 

80 

35.2S 

0.5S53 

76 

35.25 

0.4530 

+0.03 

10 

1.60 

79 

3S.0S 

0.6414 

SO 

3S.66 

0.5S42 

-0.58 

5 




0.S136 



0.793S 

IliBifiifclRI! 

Mean 




39.77 

0.67S9 


39.63 

0.5763 



Table V 
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terial inside the egg was more or less amorphous or globular in character with 
large clear hyaline-like polar bodies. In some eggs there were two polar bodies 
while in others only one such structure could be demonstrated. Occasionally 
the remains of an embryo could be identified. Upon investigation of the litera- 
ture and with the assistance of Doctor Asa 0. Chandler of the Rice Institute, 
Houston, Texas, these eggs were identified as those of Heterodera radicicola. 
Several drawings of these eggs as they were seen in microscopic slide prepara- 
tions are shown in Fig. 1. 

The 39 eases discovered, in this series were distributed in 16 counties in 
Mississippi, 10 eases coming from 8 counties in northern Mississippi and 29 from 
8 counties in southern Mississippi. The majority of the eases in southern 
Mississippi were from 2 counties. Twenty-eight of the 39 cases were found 
among children fourteen years of age or less. These eggs were found both by 
the Stoll dilution egg-counting technic and the brine flotation method of ex- 
amination. In the specimens examined by the dilution egg-counting technic, 



Fig. 1. — Eggs of Heterodera radicicola. 


there was an average of 700 eggs per gram of feces, indicating a light intensity 
of infestation. In the specimens found positive by the brine flotation technic 
only a few eggs were found in most cases in that portion of the specimen ex- 
amined microscopically. 

The finding of the eggs of // e l e rode ra radicicola in human feces represents 
according to Chandler, the accidental ingestion of these eggs with raw vegetables' 
the roots of which have become contaminated with this free living nematode' 
There is also the possibility that in the collection of specimens of human' feces 
which have been deposited on the surface of the soil and examined for human 
helminth eggs the eggs of free living nematodes may be included from the soil 
contamination. This is unlikely due to the fact that adult Heterodera radicicola 
are usually found clinging to roots and vegetables which lie deeper in the soil 
and not on the surface, making it unlikely that these eggs would be included in 
specimens ot human feces obtained after coming in contact with the soil This 
possibility does emphasize, however, that in the collection of specimens of feces 
eare should he taken to prevent the inclusion of soil with the specimen 
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THE OCCURRENCE OF EGGS OF II ET ERODE It A RADIO ICO LA IN 


HUMAN FECES* 


Alvin E. Keller, M.D., Nashville, Tens’. 


T N 1919 during the course of a hookworm study among troops at Camp Travis, 
A Texas, Kofoid and White demonstrated nematode eggs of unusual size 
which were found in 429 cases from approximately 140,000 examinations of 
feces from soldiers. These eggs had an average dimension of 95 by 40.2 miera 
but varied markedly in size, the variation in length being from OS to 133 miera 
and in width from 33 to 44 miera. They tentatively assigned the name of 
Oxyuria incognita to this egg, and reported their findings in the Journal of the 
American Medical Association. 

In 1923 Sandground reported that the egg which was found by Kofoid and 
White was probably that of Ilcterodcra radicicola, a common nonpatliogenic nem- 
atode which occurs widely in a large number of root vegetables, such as radishes, 
celery, turnips, and potatoes. 

Sandground was able to show that when noninfested individuals ingested 
parasitized roots of beans along with the usual food it was possible to recover 
numerous Heterodera eggs the following day. Sandground does not state in 
his experimental observations whether worms or only eggs were swallowed with 
parasitized roots but he infers that the eggs rather than adult worms are in- 
gested with food. These eggs, after they were passed from the individuals, 
were brown in color and were in all stages of development. They were usually 7 
symmetrically ellipsoidal but were frequently kidney shaped. They contained 
small fat globules. Sandground also stated that in the embryo the esophagus 
and esophageal bulb were similar to the same structures seen in the larvae of 
Heterodera radicicola. Since that time the eggs which were identified by Kofoid 
and White have been considered to be those of Heterodera radicicola. 

In the course of a hookworm investigation conducted in Mississippi, similar 
eggs were found in the specimens of feces examined from the white and negro 
population of that state. These eggs were demonstrated in 34 specimens from 
44,380 white persons and in 5 specimens from 6,441 negroes. The eggs varied 
in length from S4 to 96 miera and in width from 30 to 42 miera. They were 
ellipsoidal in shape but usually had a concavity on one side. Most of the eggs 
seen had a thin double contour. They were light brown in color and the ma- 

♦From the Department of Preventive Medicine and Public Health, Vanderbilt University. 
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THE VIRUS OP LYMPHOGRANULOMA INGUINALE* 


Its Cultivation, Its Antigenic Value as a Vaccine and Also in the Produc- 
tion op an Antiserum 


Joseph T. Tamuka, M.Sc., Cincinnati, Ohio 


A REVIEW of the literature reveals that all attempts to cultivate the eti- 
ologie agent of lymphogranuloma inguinale have been failures. We have 
recently 1 succeeded in doing so by utilizing the medium devised by Maitland, 
Laing, and Lyth 2 for the cultivation of Vaccinia virus. This medium is made 
by placing sterile bits of rabbit tissue, kidney, liver, or spleen, in Berkefeld- 
filtered Tyrode’s solution. We have used guinea pig tissue in place of rabbit. 



Fig. 1. — Cultivation of lymphogranuloma inguinale virus. 

C.K. O, control. 2 , twelfth subculture from Case 


/.fourteenth subculture from 
H.S., five days’ incubation 


The inoculum, pus, is obtained from a fluctuant inguinal node that has not 
been exposed to external contamination. This pus is found to be bacteriologically 
sterile. It is diluted 1 :5 with sterile saline solution. When from 0 CP to 0 03 e c 
of the diluted pus is planted in 7 c.c. of Tyrode’s solution, containing a piece of 
guinea pig kidney or liver and incubated at 37.5“ C„ aerobically a peculiar 
cloudiness appears throughout the supernatant fluid in thirty-six to forty-eight 
hours Control tubes of he medium, incubated in the same manner, remain 
perfectly clear Tins cloudiness is transmissible from one subculture to he next 
Pig 1 illustrates this peculiar formation of cloudiness in the media In our 

work the cloudiness was earned through 24, 14, and 12 subcultures when the 
procedures were discontinued. tn Ulc 
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Recent investigations in Ireland concerning the relationship of this parasite 
to soil indicate that it is most frequently found in areas where the soil is sandy. 
The distribution of the eases in the present study also shows this relationship 
to sandy soil, as a majority of the specimens were from southern Mississippi, 
especially in the counties where the percentage of sand in the soil varies from 
56 to SS per cent. 

The presence of eggs of Hctcrodcm rudicicola in the feces causes difficulty 
in diagnosis and may result in an error due to the fact that microscopists may 
not be familiar with the appearance of this nematode egg and may report the 
presence of some of the common eggs such as hookworm or unfertilized ascaris 
eggs which resemble eggs of Hctcrodcm rudicicola in some respects. The failure 
to recognize the eggs of Hctcrodcm rudicicola may not only result in an error 
in diagnosis but also may lead to the unnecessary administration of anthel- 
mintics. 

SUMMARY 

1. During the course of a hookworm investigation in Mississippi the eggs 
of Hcterodcra rudicicola were found in 34 specimens of feces out of 44,3S0 
specimens examined from white persons and in five instances out of 6,441 speci- 
mens obtained from negroes. 

2. These eggs were found in specimens of feces examined by both the Stoll 
dilution egg-counting teclmic and the brine flotation method. 

3. Only a few eggs were found in that portion of the specimen examined. 

4. Of the 39 cases 28 were found among children under fourteen years of 
age. Twenty-nine cases were from southern Mississippi and ten were from 
northern Mississippi. 

5. The finding of the eggs of Hctcrodcm rudicicola in human feces repre- 
sents the accidental ingestion of these eggs with raw vegetables, the roots of 
which have become contaminated with this free living nematode. 

6. The presence of eggs of Hcterodcra rudicicola may result in an error in 
diagnosis due to their similarity in some respects to unfertilized ascaris and 
hookworm eggs and result in the unnecessary administration of anthelmintics. 
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ITS Cultivation, Its Amtioenic Value as a Vaccine anu Also in the Peoouc- 

tion of ax Antiserum 


Joseph T. Tamuka, M.Sc., Cincinnati, Ohio 


a REVIEW of the literature reveals that, all attempts to cultivate the eti- 
J\ oloiric agent of lymphogranuloma inguinale have been failures. We have 
recently” succeeded in doing so by utilizing the medium devised by Maitland, 
Lain- and Lyth 2 for the cultivation of Vaccinia virus. This medium is made 
bv placing sterile bits of rabbit tissue, kidney, liver, or spleen, in Berkefeld- 
filtered Tyrode’s solution. We have used guinea pig tissue in place of rabbit. 



■pc , cultivation of lymphogranuloma inguinale virus. 1, fourteenth subculture from Case 

S C R C control. 2, twelfth subculture from Case H.S., five days' incubation. 


The inoculum, pus, is obtained from a fluctuant inguinal node that lias not 
been exposed to external contamination. This pus is found to be bacteriologically 
sterile. It is diluted 1 :5 with sterile saline solution. When from 0.02 to 0.03 e.c. 
of the diluted pus is planted in 7 c.e. of Tyrode’s solution, containing a piece of 
guinea pig kidney or liver and incubated at 37.5° C., aerobically a peculiar 
cloudiness appears throughout the supernatant fluid in thirty-six to forty-eight 
hours. Control tubes of the medium, incubated in the same manner, remain 
perfectly clear. This cloudiness is transmissible from one subculture to the next. 
Pig. 1 illustrates this peculiar formation of cloudiness in the media. In our 
work the cloudiness was carried through 21, 11, and 12 subcultures when the 
procedures were discontinued. 
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Recent investigations in Ireland concerning the relationship of this parasite 
to soil indicate that it is most frequently found in areas where the soil is sandy. 
The distribution of the eases in the present study also shows this relationship 
to sandy soil, as a majority of the specimens were from southern Mississippi, 
especially in the counties where the percentage of sand in the soil varies from 
56 to SS per cent. 

The presence of eggs of Ilctcrodera radicicola in the feces causes difficulty 
in diagnosis and may result in an error due to the fact that microscopists may 
not be familiar with the appearance of this nematode egg and may report the 
presence of some of the common eggs such as hookworm or unfertilized ascaris 
eggs which resemble eggs of lid erode ra radicicola in some respects. The failure 
to recognize the eggs of Ilctcrodera radicicola may not only result in an error 
in diagnosis but also may lead to the unnecessary administration of anthel- 
mintics. 

SUMMARY 

1. During the course of a hookworm investigation in Mississippi the eggs 
of Ilctcrodera radicicola were found in 34 specimens of feces out of 44.3S0 
specimens examined from white persons and in five instances out of 6,441 speci- 
mens obtained from negroes. 

2. These eggs were found in specimens of feces examined by both the Stoll 
dilution egg-eounting technic and the brine dotation method. 

3. Only a few eggs were found in that portion of the specimen examined. 

4. Of the 39 cases 28 were found among children under fourteen years of 
age. Twenty-nine cases were from southern Mississippi and ten were from 
northern Mississippi. 

5. The finding of the eggs of Ilctcrodera radicicola in human feces repre- 
sents the accidental ingestion of these eggs with raw vegetables, the roots of 
which have become contaminated with this free living nematode. 

6. The presence of eggs of Ilctcrodera ■ radicicola may result in an error in 
diagnosis due to their similarity in some respects to unfertilized ascaris and 
hookworm eggs and result in the unnecessary administration of anthelmintics. 
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, , , , 2.0 cm. 

Eosiu methylene blue 

0.4 gm. 

Azure 1 

, . , , 0.025 gm. 

Crystal violet b 

Dissolve in 250 c.c. of equal parts of methyl uleohol and 
glycerin; filter through paper. 

One cc of the stock solution is diluted in 50 c.e. of distilled water just before using. 
Fixed and 'eosin-treated slides are stained from fifty to seventy minutes at room tempera- 
ture, are washed in water and dried in the air. 

It is found that not all of the bubonic pus from the patients produce 
cloudiness of the medium. When pus from patients that fails to produce cloudi- 
ness in media is used to prepare Frei antigen, this antigen fails to give positive 
skin reactions in proved cases. Subcultures from a 1:10,000 dilution of pus 
failed to produce cloudiness, but from a 1 :1,000 dilution yielded growth. When 
diluted pus or the cloudy supernatant fluid in culture is passed through a 


Patient 



All reactions positive except Control. 

All reactions negative on Boreal psreone an5 normal guinea piss. 

Chart 1. 

Berkefeld “N” filter the filtrate will produce cloudiness on. subculture. When 
1 e.c. of the cloudy supernatant fluid is inoculated into the groin of a guinea 
pig, a lymphadenitis is produced in from two to three days. The glands gradu- 
ally increase in diameter and after ten to twelve days will become conglomerate 
masses of glands and may measure 15 mm. or more in diameter. The overlying 
skin becomes adherent to the affected nodes, after which they tend to disap- 
pear spontaneously. The skin sensitivity of the animals will develop in from 
three to four weeks. This is comparable to that which one can accomplish by 
direct inoculation witli human pus. Such culture inoculations were success- 
ful when the fourth, sixth, and eighth subcultures were used. The etiologie 
agent has been passed from culture to guinea pig, then from guinea pig to the 
medium, from this culture to a subculture and then baek to the guinea pig. 
Chart 1 illustrates the complete cycle of animal inoculation. 

The cloudy supernatant fluid from a subculture was heated to 60° C. for 
two hours on one day, and at the same temperature for one hour on the fol- 
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In our experience, ns in that of others, cultures made from bubonic pus 
when planted on a wide variety of bacteriologic media and grown aerobically, 
at partial oxygen tension, or anaerobically, remain free of visible growth. The 
cloudiness in the tissue-Tyrodc medium remains for twelve- to fourteen-day in- 
cubation periods, after which the cloudiness seems to precipitate out and the 
supernatant fluid becomes clear and slightly straw colored. When this clear 
supernatant fluid, which has been cloudy once, is subcultured, it no longer pro- 
duces cloudiness. 

When the cloudy supernatant fluid is examined or cultured nothing re- 
sembling ordinary bacteria is to be found. Attempts to see the etiologic agent 
in cloudy fluid have failed with the exception that peculiar granules are brought 
out by Giemsa’s stain and by eosin-Giemsa method originated by Hosokawa 1 2 3 
for the staining of a variety of viruses. Hosokawa \s method of staining viruses, 
which we used, is as follows : 



-1. B. 


Fig. 2. — Cloudy supernatant culture fluid stained with Hosokawa's method, mounted in 
hyrax. a, Dark-Held, reduced from a photomicrograph of 1500 diameters. B, Direct illumina- 
tion, reduced from a photomicrograph of 1100 diameters. 

1. Smearing: Loopful cloudy supernatant fluid is smeared as thin as possible on a 
perfectly clean slide by means of drawing it lengthwise by a second slide, as in blood smear 
preparation. The smear is air dried. 

2. Fixation-: The smeared film, after thorough drying in air, is fixed for two minutes 
in the fixing solution, then washed in water. 

The fixing solution: 

Jlethyl alcohol 100.0 c.c. 

Formalin (original solution) 5.0 e.c. 

Glacial acetic acid 1.0 e.c. 

3. Treating with cosin-: Flood the fixed slide with 1 per cent eosiu solution and heat it 
over a flame for from one-half to one minute until it just steams, as in the case of staining 
acid-fast bacilli. Wash with water carefully. 

4 Giemsa staining: Three drops of stock Giemsa in 2 c.c. distilled water is used. 
Hosokawa solution gave better results. This solution is prepared as follows: 


TAM OICA : VIRUS OB' LYMPHOGRANULOMA INGUINALE 


397 


Case 2. T. D., white male, single, twenty-seven years of age. He was exposed to 

infection Dec. 17, 1933. Onset of swelling in Mt groin was first noticed Jan. 2, 1934. 
Admitted to hospital January 19, and seen on January 31. There was tenderness on palpa- 
tion of the affected glands, which measured G by 3 cm. The skin was attached to the 



Fig. 3. — Fret skin tests, Case T.D.. Smith, Antigen prepared from Smith. Jones, Antigen pre- 
pared from Jones, ft, Culture antigen (sixth subculture). Control, Tissue Tyrode medium. 



subculture). I). Control with Usau^Tvrode^m’edmm^ftirfJl^?: 11- ?! Culture antigen (sixth 
fto. Culture antigen (twentieth subculture). C, Controf ffeue Tyrof J'nSimrn. e ‘ antlsen - 


uaderljmg codes dark reddish purple in color. No masses in right groin. No history of 
*yp tubs, and Kahn test negative. Frei skin tests markedly positive. The nodes suppurated 
and pus was aspirated on February 14, 3 c.e., and again 2 c.c. on February f “ 
lenologm examinations of the pus, made twice, were entirely negative. Beg Ling L 
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lowing day, as in the well-known method of preparing Frei’s antigen from pus. 
When such heated culture antigen, preserved with 1 :10,000 merthiolate, is in- 
jected intra derm ally into patients it gives just as marked reactions as does the 
Frei antigen. When the twenty-third subculture in one series was heated for 
antigen it was found to be just as active as antigen prepared from earlier sub- 
cultures. As in the case with Frei’s antigen, the culture antigen gives no re- 
action in normal individuals. 

An attempt has been made to produce lymphogranuloma inguinale anti- 
serum from a goat with heated culture antigen. Beginning on Dec. 1, 1933, and 
continuing to March 2S, 1934, a total of SI e.e. of the antigen was injected 
into the animal subcutaneously. The animal was bled on April 6, and 145 c.c. of 
serum was obtained. Merthiolate, in 1 :10,000 concentration was added as pre- 
servative. Gottlieb 4 reported experimental evidence to show that there are in 
the serums of patients recovering from lymphogranuloma inguinale substances 
which have neutralizing properties on the Frei antigen when this is used for 
skin tests. In our work intradermal injections were made into lymphogranuloma 
inguinale patients of (1) Frei antigen, (2) saline, (3) Frei antigen plus normal 
goat serum, (4) Frei antigen plus antilymphogranuloma inguinale goat serum, 
after the mixture had been kept under refrigeration for forty-eight hours. (1) 
and (3) gave positive reactions while (2) and (4) were negative. This anti- 
serum from the goat has been used for the treatment of two patients, reported 
below. 

Through the courtesy of the Department of Dermatology of the Cincinnati 
General Hospital we are able to present thirteen cases we have treated using 
heated culture antigen as a vaccine administered subcutaneously, and two cases 
treated with antiserum. Eleven cases, including one serum-treated case, showed 
such marked improvement that they were considered cured in an average of 
eight weeks. Usually the vaccine is given with an initial dose of 0.2 to 0.3 c.c., 
which gives strong local reaction. Each subsequent injection produces a smaller 
and smaller response. The tolerance to larger doses given later is believed to 
be' due to desensitization. Accompanying the clinical improvement there was a 
marked reduction in skin sensitivity. Of the remaining four cases, three are 
chronic and one has been treated for only two weeks. These appear to be follow- 
ing a similar favorable course. Beneficial therapeutic effects following the intra- 
dermal inoculation of Frei’s antigen have been reported recently by Wien and 
Perlstein 3 who refer to the previous work of Herman and Gay-Prieto. Brief 
accounts of several eases follow. Treatment of four cases with heated culture 
antigen. 

Case 1. — E. T., negro male, single, twenty years of age. He was first seen on Dec. 14, 
1933. There were two chains of swollen glands in the right gToin, measuring 3 by 2 cm., and 
7 by 2.5 cm. There were no palpable masses in the left groin. Patient first noticed the 
"swelling of groin” in latter part of September, 1933, and had been under treatment since 
October 4 by various physicians. There was no history of syphilis and Wassermann reaction 
was negative. Gonococcus infection one year ago. Prei skin tests strongly positive. Begin- 
ning December 18, with initial dose of 0.1 c.c., a total of 22.7 c.c. of vaccine was given, 
in 30 inoculations. Considerable reduction in skin sensitivity was obtained. On March 8, 
when the last inoculation was given, both chains of nodal masses had disappeared com- 
pletely. No remission has occurred in two months. 
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18 

July, ’33 j 

B.K. 

M. 

B. 



46 

I 

H.S. j 

M. 

Jan., ’34 

B. 

| 

~ ~ 

26 

1 

G. S. 

M. 

4/22/34 


B. 



39 

July, ’33 

.1. w. 

B. 


B. 

1 


•Keys 


C, Cured. 

D, Danced. 


I.’ Improved. t . 

I and G. I., still under treatment 
G. I.. Greatly Improved. 


. o'nirio tliirtv-ojjc years of age. He had had inguinal 
Case 3.— C. S. J., negjo mu e, i > geeu on December 28. Markedly swollen, 
adenitis for about two weeks . tv. ei^ ^ th( , ^ ft groin . He had had gonorrhea four 

fluctuant nodes m the right g • N<) lesion 011 or discharge from the penis. Ealm 

years ago and again four » 8 sit i ve . He was admitted to the hospital December 28. 

reaction 2-plus. l?rcr Z&Zl from the fluctuant nodes. Dark-field examina- 

On the next da) .> e. ■ 1 cultures negative. The suppurating nodes ruptured spoil- 

very swollen o»4 lender and there »'«. . » «.W« «rom 

r ™« -*"•£" “^1 , ZZ iL Sleeted £ a 

m S a, a porter oa V.ar.h 17, „„4 who,, la.. «.e„ „ A„ri, 0 the U 
was healed and masses of nodes were no longer palpable. 

Cxse 4 —F. M., negro male, married, thirty years of age. He was seen January 11. 
He had bilateral inguinal swellings. Indurated masses of nodes measured 6 by 2 cm. on 
left, and 7 by 2.5 cm. on right. The swelling was first noticed by the patient on December ->. 
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ruary 1 and continuing to April 5 , 2 ~> subcutaneous injections of vaccine were given, totaling 
22 e.e. Skin sensitivity was reduced to a negligible degree. AYben last seen, on April IS, 
there were no palpable masses. 



Fig. 5. — Unilateral lymphogranuloma inguinale. Positive Frel reactions on arm. A, Frei 
antigen. S, Culture antigen (fifteenth subculture). C, Frel antigen. I), Control with tissue 
Tyrode medium. 
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■Fie e Unilateral lymphogranuloma inguinale; Case R.S., aged seventeen. 

63 characteristic primary lesion. 
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WATER STUDIES IN OBESITY* 


Elmer C. Bartels, M.D., Springfield, III., and Benjamin Blum, M.D., 

Rochester, Minn. 


R EFERENCES have been made in the literature to disturbed water metabo- 
lism in obesity. Bauer mentioned the frequent association of obesity and 
disturbance of the water and salt balance. Grafe noted the tendency of obese 
patients toward water retention. Clasen suggested that this disturbance of 
water balance was due to the influence of the glands of internal secretion. 

The question of water balance arises whenever reduction of weight of obese 
patients is attempted. Newburgh and Johnston, and Newburgh and Lashmet 
have reported the tendency of obese patients who are on a low calorie diet to 
retain water which prevented loss of weight and in some cases caused a gain of 
weight for some days. However, in the long run the body weight almost always 
approached the predicted figure as an accurate tabulation of the water exchange 
indicates that body weight is the result of two factors, namely: (1) gain or loss 
of tissue, and (2) gain or loss of water. Grote and Calo advised the study of 
water metabolism as a guide in the selection of therapeutic methods of reduc- 
tion. Evans and Strang felt that this water retention during attempts at reduc- 
tion is due to the spontaneous alteration in the capacity of fat to store water. 
So prominent is this matter of water retention that diuretics have been con- 
sidered and used by Grafe and Zolatareva and Kogan as an adjunct to a low 
caloric diet. In twenty-eight of thirty-one cases Zolatareva and Kogan, by the 
use of I to 2 e.c. of mersalyl, obtained a considerable increase in the amount of 
urine. This sometimes reached 3 liters a day. None of these patients was suf- 
fering from cardiac disturbances. Grafe restricted the fluid intake and counter- 
acted this tendency to water retention by the use of merbaphen. 

TESTS OF DILUTION AND CONCENTRATION 

As an approach to this fundamental problem we reviewed the work on 
dilution and concentration tests in diseases other than those of the kidney. 
Pratt was the first to study this subject in this country. From studies on con- 
trol subjects, he concluded that in normal individuals the output of urine in 
four hours should be equal to or greater than the intake at the onset. No series 
of obese eases was considered. Buck and Proger conducted similar experiments. 

January '"lL UlT A " nUal MeeUnS ° f the Sta « of St ' Luke's Hospital. Duluth, Minnesota. 
Received for publication, June 9, 1S3L 
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Ten days preceding the onset he was exposed to infection. There was no sore on the penis. 
Gonorrheal infection two years previously. Kahn reaction negative. Frei skin test3 strongly 
positive. The nodes never suppurated. Beginning January 13, a total of 19 e.c. of vaccine 
was given in 22 subcutaneous injections. Marked desensitization was obtained. The masses 
of nodes had completely disappeared from both groiirn by March ;">. He resumed his occupa- 
tion as a porter on this date, and has had no remission for three months. 

Treatment of one ease with goat antiserum. 

Case 5. — C. R., white male, single, 25 years of age. He was seen first Pebruary 8, 
with markedly swollen nodes in left groin, measuring 10 by 5 cm., very tender and painful. 
Swelling of groin was first noted January 2(5, a week or ten days after he was exposed to 
infection. No primary lesion found. Slight urethral discharge, which upon examination 
was found to be gonorrheal. Kahn reaction 3-plus. Frci skin test 3 strongly positive. The 
involved nodes suppurated and pus aspirated: February 17, 3 c.c.; Pebruary 19, 3 c.c.; 
Pebruary 24, 6 c.c.; February 2G, 6 c.c., and March 1, S c.c. Bacteriologic examination of 
the pus negative. Patient was admitted to hospital March 1. Beginning February 10, 9.4 c.c. 
of vaccine was given subcutaneously in 13 inoculations. On March 8, the nodes were in- 
cised and curetted, when vaccine therapy was discontinued. Seropurulent discharge con- 
tinued and wound did not heal. Swelling of suprapubic nodes noted April 7, Patient was 
dismissed from hospital on April 10, readmitted on April IS, when the suprapubic nodes 
were incised and curetted. Continuous drainage followed. Skin test with a goat serum was 
negative on April 23 ; followed by 20 c.c. of antiserum iutravenously. Twenty cubic centi- 
meters of antiserum was given again on the twenty- fourth, and 15 c.c. by vein on the twenty- 
sixth. Serum sickness occurred on the twenty-ninth and lasted thirty-six hours. Patient 
was discharged from hospital May 4. Drainage had ceased and epithelialization had oc- 
curred. Two weeks after the first scrum injection tho wound was completely healed. 

SUMMARY 

When pus from the lymphogranuloma inguinale is planted in the medium 
devised by Maitland and his coworkers for the cultivation of Vaccinia virus, 
the medium becomes cloudy. The etiologic agent produces a cloudiness which 
is transmissible in serial cultures, or serial cultures alternating with guinea pig 
inoculations. The etiologic agent in pus or in cloudy supernatant culture fluid 
passes the Berkefeld “N” filter. The virus is stainable by Hosokawa’s eosin- 
Giemsa method. The heated cultures have been used successfully in making 
diagnosis by the intradermal skin test, and in inducing recoveries by sub- 
cutaneous inoculations. Also heated cultures have used to produce an anti- 
serum. Although one can draw no definite conclusions from the few cases 
treated with antiserum, the results in these cases justify further trial of serum 
therapy. 
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Table I 


Studies or Daily Weight, Water Intake and Output or a Patient ox a Diet or 709 

Calories 


DATE 

days ox diet I 

DAILY CHANGE IX, WEIGHT 
POUNDS 

FLUID INTAKE 

C.C. 

FLUID OUTPUT 
C.C. 

July 17 

1 

265 

600 

875 

July IS i 

v> 

265 to 262)5 

1,200 

2,500 

July 19 

3 

262V' to 260 

1,275 

850 

Juiv 20 

4 

260 to 259 

1,830 

1,500 

Jul'v 21 

5 

259 to 25 S 

1,200 

1,350 

Julv 22 

6 

25S to 257 

1,175 

775 

July 23* 

7 

257 to 253 

1,275 

2,450 

July 24 

s 

253 

1,200 

650 

July 25 

9 

253 to 2541/. 

1,000 

1,000 

July 26 

10 

254)5 

1,200 

600 

Julv 27 

11 

254)5 to 2531/. 

1,200 

1,400 

July 28* 

12 

253)5 to 249)5 

1,200 

3,200 

July 29 

13 

249)5 to 250 

1,510 

1,300 

July 30 

14 

250 to 249 

1,160 

950 

July 31 

15 

249 



August 1* 

16 

249 to 245 

1,200 

4,000 

August 2 

17 

245 

1,165 

1,600 

August 3 

18 

245 

2,700 

3,100 

August 4 

19 

245 



Total 



22,090 

2S,100t 


•2 c.c. of salyrgan intravenously. 

fDifference between total intake and output of fluid is equal to 13 pounds. 


started, because of the low carbohydrate intake of approximately 60 gm. we were able to 
discontinue the insulin completely without subsequent sugar in the urine and with a normal 
blood sugar. On the seventh day edema of the ankles was first noticed. As such edema, 
seemed to need diuretic therapy, the patient was given 2 c.c. of salvrgan intravenously. 
There was a subsequent diuresis of 2,450 c.e. on an intake of 1,275 c.c. and a loss of weight 
of 4 pounds. The edema was apparently relieved. The edema recurred on the twelfth day 
so 2 c.e. of salyrgan was given again. This was followed by diuresis of 3,200 c.c. on an in- 
take of water 1,200 e.c. Weight decreased 4 pounds. After another four days this pro- 
cedure was repeated with an output of urine of 4,000 c.e. on an intake of 1,200 c.c. of water. 
An additional loss of weight of 4 pounds occurred. The output of 1,600 of urine on. the 
seventeenth day after the diet was begun was thought to be latent response to the salyrgan. 
The output of 3,100 c.c, of urine on the eighteenth day in spite of intake of 2,700 e.c. of 
water could not be explained at that time; however, we were able to make a plausible ex- 
planation later. 

The total intake of fluid for the nineteen days in hospital was 22,000 e.c. and the total 
output was 28,100 c.c. The output exceeded the intake by 6,010 c.c. (13 pounds). If this 
is added to the actual weight (245 pounds) a total of 258 pounds is obtained which is ap- 
proximately 2 pounds more than the calculated weight of 256 pounds. This indicates that the 
forced weight loss was entirely at the expense of the body fluids and explains the reason 
for the ultimate outcome in which the actual loss and the calculated loss of weight are al- 
most identical at the end of ten weeks (Table I). 

In one month, after the patient bad lost consistently a total of 30 pounds, another 
dilution test was carried out with the following results: The output of urine’ for the 
first hour was 535 c.c. with a specific gravity of 1.005; for the second hour 1,135 e.c. with a 
specific gravity of 1.004; for the third hour, 160 c.c. with specific gravity of 1.006- and for 
tho fourth hour 80 c.e. with a specific gravity of 1.009. The total output for ’the four 
hours was 1,910 c.c. 

This excessive response, we felt, was due entirely to the diuretic action of water. The 
low caloric diet had caused a disturbance in the water balance and the large intake of water 
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The average output of m'ine in four hours after the ingestion of 1 liter of water 
was 1,122 c.c. In fifteen cases the output exceeded 1,500 e.c. in four hours. 
Of these, there were twelve cases of hypertension, one of neurasthenia, one of 
cardiosclerosis, and one of secondary anemia. 

Januey and "Walker, testing water balance in pregnancy, found that nor- 
mal control subjects who had ingested 1,200 c.c. of water eliminated 1,353 c.c. 
in four horn's, whereas during pregnancy the output declined progressively, 
among clinically normal, pregnant women in the last twelve weeks of pregnancy. 
He attributed this to a lower functional capacity of the kidney in the latter 
weeks of pregnancy and considered this as a precipitating factor in toxemic 
states. 

Malmud was the first to make studies on the disturbance in the dilution 
tests of Volhard in obesity. She carried out the test in various types of obesity, 
giving 1,000 c.c. of warm tea flavored with sugar and collecting the urine for 
the next four hours. She found disturbances in the output of urine which were 
in proportion to the severity of the obesity. The disturbance in water balance 
was manifested by reduction in the output of urine during four hours. A crit- 
ical study of her report leaves one in doubt as to the validity of her conclusions. 

Our study was precipitated by the following case which was studied in the 
hospital during the management of weight reduction. 

REPORT OF CASE 

The patient was a female, forty-four years of age, who was Go inches tall and weighed 
265 pounds. The present weight had been maintained for several years. She had had a 
severe type of diabetes for many years which was completely controlled by diet and 00 units 
of insulin a day. We felt that if the weight could bo reduced a corresponding improvement 
in the diabetes would take place. 

Physical examination, except for the marked obesity, was negative. There was no 
edema of the extremities. The blood pressure was and had always been within normal 
limits. The laboratory tests which included urine, blood counts, and blood chemistry gave 
normal results. Before beginning a dietary regimen a dilution test was done, which con- 
sisted in giving the patient 1,500 c.c. of water at S:00 a.m. after a relatively dry breakfast. 
The urine was collected hourly for the next four hours. The following results were ob- 
tained: At the end of the first hour 170 e.e. of urine with a specific gravity of 1.009 had 
been excreted; during the second hour 2S0 c.c. with a specific gravity of 1.000; during the 
third hour 140 c.c. with a specific gravity of 1.007, and during the fourth hour 115 c.c. with 
a specific gravity of 1.008. A total of 705 e.c. of urine was excreted in the four hours. 

This total was markedly below the reported normal in which intake equals output. 
As the urinalysis and tests of blood chemistry had given normal results, and there was ap- 
parently no edema or dehydration, we felt that we were justified in explaining this result 
as a disturbed water balance. Some criticism may be made on the fact that we performed 
only one such test before starting the patient on the reduction diet. The part the associated 
diabetes played in the output of urine can only be suggested. 

The patient, while being up and around the entire day, was placed on a diet of 709 
calories. Daily studies were made of weight, water intake and output. On the second day of 
the diet the patient had a marked spontaneous diuresis with a corresponding loss of weight 
of 2i/> pounds (Table I). This sudden loss of weight can be attributed to the sudden stop- 
ping of the large dose of insulin, as described by AfaeBryde. For on the day the diet was 
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were more than 10 per cent overweight and those more than 10 per cent under- 
weight were compared with the normal controls. The percentage oi excietions 
of more than 1,500 e.c. and less than 1,000 c.c. was determined for the differ- 
ent groups. 

RESULTS 

From the tabulations in Tables II, III, and IV, it is at once seen that there 
is a wide variation in the hourly and total outputs in the four groups. In the 
obese group with the three and four determinations for Subjects 109, 110, 111, 


Table II 

Besoms op Dilution Tests on Subjects Who Were Underweight 




FIRST 

SECOND 

THIRD 

FOURTH 


underweight 

CASE 

HOUR 

HOUR 

HOUR 

HOUR 

TOTAL OUTPUT 

POUNDS 

| NUMBER 

OUTPUT 

C.C. 

OUTPUT 

C.C. 

OUTPUT 

| c.o. 

OUTPUT 

c.o. 

C.C. 


Seven Subjects Mere Than, 10 Per Cent Underweight 


19.0 

7 

500 

710 

335 

90 

935 

17.0 

46 

490 

445 


35 


14.0 

5 

380 

700 

52 

35 

1,167 

13.0 

65 

300 

430 


84 

1,244 

12.0 

40 

135 



75 

950 

10.0 

18 

435 

555 


60 

1,280 

10.0 

4 

225 

450 


20 

795 


Twenty-Two Subjects O to 10 Per Cent Underweight 


12.0 

74 

168 

540 

104 

40 

852 

12.0 

6 

136 

224 

212 

35 

607 

9.0 

49 

235 

730 

455 

40 

1,460 

8.0 

104 

800 

550 

290 

20 

1,660 

8.0 

21 

320 

615 

330 

55 

1,320 

7.0 

51 

300 

745 

200 

30 

1,275 

7.0 

37 

590 

550 

425 

100 

1,665 

6.0 

78 

310 

170 

120 

105 

705 

5.0 

53 

480 

770 

460 

35 

1,745 

5.0 

42 

60 

460 

430 

135 

1^085 

4.0 

69 

330 

450 

520 

122 

1,422 

4.0 

61 

185 

380 

370 

70 

lj005 

4.0 

10 

240 

485 

480 

355 

1,560 

3.5 

101 

925 

250 

90 

250 

1*515 

3.5 

86 

200 

475 

550 

125 

1,350 

3.0 

95 

500 

475 

475 

100 

1,550 

2.5 

68 

380 

840 

370 

26 

1,616 

2.0 

76 

90 

400 

425 

85 

1,000 

1.0 

19 

400 

540 

75 

20 

1 } o^n 

1.0 

8 

185 

610 

100 

30 

025 

0.5 

29 

455 

245 

125 

32 

8^7 

0.5 


740 

550 

132 

32 

1,454 


112, and 113, this range is also seen. As this variation is present in all the 
groups we felt that if any comparison or difference was noted, it would only be 
secured by averaging the groups. 

Table V is a complete tabulation of the average hourly output and average 
total output in each o£ the groups. We concluded that a normal output, If 
there is such an entity, could best be obtained by averaging the output of the 
groups from 0 to 10 per cent overweight and from 0 to 10 per cent underweight 
The average total output of urine is then calculated to he 1,334 e.c. in four hours 












404 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


was sufficient to start diuresis. This suggested to us the apparent benefit o£ taking large 
quantities of water during obesity to force loss of weight for psychic reasons instead of a 
reduction in fluid intake as advised by some authors. However, this rapid forced loss of 
weight by the use of diuretics did not materially affect the ultimate los 3 as is shown by 
Fig. 1. This patient has continued on the diet and the loss of weight has been constant and 
follows closely the estimated loss. 


METHOD 

We were forced from this case to accept the presence of a disturbed water 
balance in obese patients during efforts at reduction by the use of a low caloric 
diet. Our problem was to determine the water balance in obese persons not on 
a reduction diet and to see if it was at all disturbed as has been suggested. To 
do this we made determinations on the members of the nursing staff of two 
large Duluth hospitals and added to this a group of obese persons which in- 
cluded private and dispensary patients. Prom this number we were able to 
obtain a large list of normal control subjects as well as subjects who were 



Fig. 1. — Upper line represents the estimated weight; Uie lower line is the actual weight. 
The black dot at 258 pounds at about three weeks on diet is the actual weight plus the weight 
of the excess water which had been lost, 

under- and overweight. The entire group consisted of 102 subjects on whom 
117 determinations were made. The test consisted of giving 1,500 c.c. of water 
at 8 :00 a.m. and collecting the urine at hourly intervals for the next four hours 
during which time the subjects were up and around carrying on their usual 
duties. The amounts collected each hour, their specific gravity, and the total 
output were ascertained in each case. A routine urinalysis was made on the 
concentrated fourth hour specimen. Only those cases were included in the final 
consideration in which urinalysis and blood pressure were normal and physical 
examination was grossly negative. The subjects were normal except for the 
variations in weight. All were females, but we felt that this should not in- 
validate the results. 

The age, weight, and height of each subject were taken and the normal 
weight was ascertained from an accepted table of normal weights. From the 
actual weight and the normal weight the percentage over- and underweight was 
calculated. We took as normal all those subjects who were within the range 
of 10 per cent overweight and 10 per cent underweight. Those subjects who 
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Table IV 

Results op Dilution Tests on Thirty-Two Subjects Who Were More Than 10 Per 

Cent Overweight 




FIRST 

SECOND 

THIRD 

FOURTH 


OVERWEIGHT 

CASE 

HOUR 

HOUR 

HOUR 

HOUR 

rOTAL OUTPUT 

POUNDS 

number 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

G,0. 


c.c. 

C.C. 

c.c. 

C.C. 


10 

9 

275 

120 

70 

40 

505 

10 

35 

155 

165 

135 

75 

530 

10 

73 

485 

205 

130 

80 

900 

10 

100 

500 

650 

50 

100 

1,300 

11 

22 

305 

550 

375 

45 

1,275 

11 

24 

200 

530 

90 

30 

850 

12 

64 

630 

620 

144 

50 

1,440 

12 

70 

810 

700 

450 

50 

2,000 

12 

108 

1,000 

850 

150 

25 

2,025 

13 

44 

420 

480 

180 

55 

1,135 

13 

82 

800 

825 

150 

20 

1,795 

14 

103 

500 

600 

300 

50 

1,450 

15 

20 

315 

395 

125 

30 

865 

15 

105 

900 

700 

150 

100 

1,850 

16 

79 

285 

465 

260 

95 

1,165 

16 

87 

COO 

600 

500 

120 

1,820 

17 

96 

500 

500 

500 

50 

1,550 

18 

83 

900 

650 

300 

150 

2,000 

20 

48 

555 

670 

255 

40 

1,520 

20 

111 

95 

320 

235 

45 

695 



35 

200 

475 

350 

1,060 



55 

500 

575 

285 

1,415 



195 

COO 

350 

70 

1,215 

21 

107 

550 

650 

400 

110 

1,710 

22 

3 

350 

875 

210 

52 

1,487 

22 

11 

165 

500 

145 

35 

845 

22 

60 

155 

375 

70 

50 

650 

24 

14 

550 

360 

175 

60 

1,145 

29 

34 

250 

435 

490 

120 

1,285 

29 

58 

350 

570 

290 

110 

1,320 

31 

113 

395 

380 

455 

320 

1,550 



180 

375 

450 

560 

1,565 



270 

470 

470 

235 

1,445 



265 

265 

450 

230 

1,310 

38 

109 

210 

580 

460 

35 

1,285 



100 

590 

435 

175 

1,300 



170 

725 

430 

75 

1,400 



210 

605 

480 

220 

1,515 

1,080 

40 

110 

235 

620 

185 

40 



175 

580 

355 

90 

1,200 

1,200 

1,200 



250 

655 

240 

55 

46 

112 

240 

310 

330 

220 



365 

410 

300 

200 

lj275 



225 

395 

345 

205 

l’l70 

75 

15 

270 

170 

230 

230 

250 

140 

210 

115 

1,070 

705- 


with that of underweight subjects, is that a sufficiently wide range in the amount 
underweight was not available for absolute comparison with the group of over- 
weight subjects. 


Table VI is an additional determination of the percentage of subjects in 
the four groups which had outputs of urine of more than 1,500 ee or of less 
than 1,000 e.e. Of apparent significance is the fact that only 28 per cent of 

t 1 h !.f roup t T h T at was more than 10 P e1 ' cent overweight had an . output of over 
l’°00 c - c - However, the difference is not great. The 7 per cent of the group 
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Table 111 

Results op Dilution* Tests on Forty Two Subjects Who Were From 0 to 10 Reii Cent 

Overweight 


OVERWEIGHT 

POUNDS 

CASE 

NUMBER 

FIRST 

HOUR 

OUTPUT 

C.C. 

| SECOND 
| HOUR 

■ OUTPUT 
; C.C. 

THIRD 
; HOUR 

| OUTPUT 
| C.C. 

j FOURTH 
! HOUR 

| OUTPUT 

! c.c. 

TOTAL OUTPUT 
C.C. 

0.0 

52 

210 

) 6S0 

! 370 

j 327 

1,5 S7 

0.0 

oo 

030 

455 

410 

! 55 

1,550 

0.0 

S9 

650 

, 700 

300 

1 90 

1,740 

1.5 

93 

200 

850 

350 

75 

1,375 

2.0 

25 

195 

; 680 

460 

45 

1,3S0 

2.0 

50 

410 

550 

240 

! 30 

i 1,230 

2.0 

59 

340 

| 590 

110 

55 

1 1,075 

2.0 

90 

425 

725 

650 

! 120 

j 1,920 

2.0 

92 

500 

700 

200 

' 100 

j 1,500 

2.5 

1 

200 

| 425 

300 

j 120 

1,105 

2.o 

85 

250 

S50 

425 

75 

1,600 

3.0 

36 

200 

750 

250 

35 

1,235 

3.0 

63 

210 

420 

1S5 

30 

S45 

3.0 

S4 

625 

850 

200 

75 

1 ,750 

3.0 

8S 

500 

750 

400 

120 

1,775 

3.0 

102 

050 

600 

150 

! 50 

l|l50 

4.0 

2S 

2°5 

665 

430 

| 325 

1,645 

4.0 

00 

370 

4 SO 

240 

1 40 

1 , 130 

4.0 

30 

435 

455 

145 

HD 

1,090 

4.0 

47 

740 

455 

435 

35 

1,665 

4.0 

99 

300 

750 

200 

75 

1,325 

4.5 

2 

250 

750 

210 

30 

1,240 

5.0 

20 

S70 

640 

180 

35 

1,725 

5.0 

43 

260 

565 

350 

210 

1,3S5 

6.0 

54 

870 

475 

135 

75 

1,555 

7.0 

23 

360 

400 

430 

235 

1,425 

7.0 

38 

490 

425 

330 

300 


7.0 

45 

330 

620 

245 

60 

1,255 

8.0 

39 

125 

550 

600 

4o 

1,320 

8.0 


240 

570 

415 

170 

1,395 

S.O 

72 

460 

660 

550 

70 

1,740 

8.0 

94 

600 

600 

250 

50 

1,50 0 

S.5 

75 

530 

455 

96 


1,0S1 

8.5 

100 

600 

825 

259 

1 00 

1,775 

9.0 

7 

130 

o44 

210 

24 

90S 

9.0 

50 

205 

225 

55 

35 

520 

9.0 

67 

60 0 

5S0 

470 

105 

1,755 

9.0 

98 

000 

500 

510 

100 

1,710 

10.0 

27 

410 

395 { 

297 

40 

1,142 

10.0 

62 

290 

4 50 [ 

370 

90 

1,200 

10.0 

91 

500 

800 

450 1 

ISO 

1,930 

13.0 

31 

3S5 

460 1 

560 I 

S5 

1,490 


after an intake of 1,500 e.e. of water. The average hourly output is 389 c.c., 
545 e.e., 311 e.e., and 88 e.e. in the four hours, respectively. At once it is seen 
that both the group of subjects more than 10 per cent underweight and that 
more than 10 per cent overweight have total outputs below the normal of 1,33 4 
c.c.; the former more than the lattei'. An apparently significant figure is the 
fourth hour output in the group more than 10 per cent overweight. This figure 
of 119 e.e. suggests the tendency of obese patients to have a disturbance which 
is not marked in total output but in the manner of output. A sustained output 
was always noticed by the relatively increased fourth hour output. An error, 
which may be suggested in this comparison of the group of overweight subjects 
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Table V 

Average Total Output op Urine From Each op the Four Groups 



HOUR 

WEIGHT 

FIRST 

SECOND 

THIRD j 

FOURTH 



K9I 

0 to 10 per cent underweight 

364 

502 

304 

S3 

| 1,255 

0 to 10 per cent overweight 

415 

589 

319 

94 

| 1,414 

Average 

3SD 

545 

311 

88 

i 1,334 

More than 10 per cent underweight 

33S 

493 

272 

57 

1 1,179 

More than 10 per cent overweight 

359 

490 

296 

119 

1,269 


Table VI 

Per Gent of Subjects in Each Group With Output op More Than 1,500 c. c. and Less 

Than 1,000 c.c. op Urine 


MORE THAN 1,500 C.C. PER CENT 


0 to 10 per cent underweight 33 
0 to 10 per cent overweight 40 
More than 10 per cent underweight 23 
More than 10 per cent overweight 34 


less than 1,000 c.c. 


0 to 10 per cent underweight 23 
0 to 10 per cent overweight 7 
More than 10 per cent underweight 2S 
More than 10 per cent overweight 28 


which, was from 1 to 10 per cent overweight who had an output of less than 
1,000 c.e. of urine is significant in that it indicates that obese subjects retain 
water to a much less degree than those in the other group. 

SUMMARY AND CONCLUSIONS 

Disturbance in water balance does occur during attempts at reduction in 
weight in cases of obesity as is shown in the literature and the case reported. 
In. obese subjects who are not on diets, there is some slight evidence of reten- 
tion of water as is indicated by the Volhard dilution test. This retention of 
water is more marked in underweight subjects. In obese subjects there is evi- 
dence of a sustained output, as indicated by the moderately high output of 
119 c.c. as against a normal output of 88 c.c. in the fourth hour, as well as a 
slight reduction in total output. Obese subjects do not retain fluids to a great 
degree, as in only 7 per cent was the output less than 1,000 c.c. Underweight 
subjects have smaller total outputs in four hours than obese subjects. 
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used filter paper instead of plaster of Paris as a medium upon which to diy 
the blood, and reported values that favorably compared with those obtained 
by the method of Myers. The method was further modified by Ling. 0 However, 
Allardyee 7 found that the use of filter paper, cotton batting, and similar media 
as desiccating agents gave results far below those obtained when plaster of 
Paris was employed. This same finding was confirmed by Bernhard and Drekter. 8 
They found that chloroform did not extract over two-thirds of the cholesterol 
from serum dried on filter paper, but they did find that an equal mixture of 
alcohol and ether gave a complete extraction of cholesterol from serum dried on 
this medium, and checked their values against digitonin determinations. These 
workers employed a simple extracting apparatus composed chiefly of a Folin-Wu 
tube and test tube condense!-, and carried out the colorimetric estimation in the 
same tube. Such an apparatus had already been employed by Hames. 9 


EXPERIMENTAL 


Our study of cholesterol methods was not begun with the idea of describ- 
ing a new procedure, but rather with the idea of choosing the most suitable 
method for a problem based largely on blood cholesterol estimation. In Table I 
are shown some of the more important results obtained by a comparison of dif- 
ferent extracting media, solvents, etc. The results given were chosen as repre- 
sentative of each particular study. The findings can be expressed very briefly 
as follows : 


1. Whole blood or serum when dried on filter paper and extracted with 
chloroform gives values much lower than those obtained when the blood or serum 
is dried on plaster of Paris. The discrepancy in the two values is more marked 
with serum than with whole blood. This confirms the findings of both Bernhard 
and Drekter, and of Allardyee. 


2. The amount of cholesterol extracted by chloroform from blood or serum 
dried on plaster of Paris is practically independent of the time or temperature 
of drying (within reasonable limits). About five minutes’ time is sufficient, and 
the mixture may stand at least twelve hours at room temperature. However, 
about thirty minutes appears to be the optimum length of time. Drying at room 
temperature appears to give values almost identical with those obtained by dry- 
ing at 100° C. and apparently the use of the electric oven is not required. 

3. The cholesterol extracted by chloroform from blood or serum dried on 
filter paper varies with both the time and temperature of drying. Increases in 
temperature decrease the amount of sterols extracted in every case, if the time 
of drying is kept constant. Likewise if the temperature is kept constant, the 
cholesterol extracted decreases with the length of time of drying. Although 
Lieboff reports that the blood docs not require drying before extraction, the 
author could not obtain satisfactory results in this manner. 


4. The plaster of Paris employed must be fresh (not hydrated). Definitely 
lower values were obtained when hydrated plaster of Paris (hydrated bv stand- 
ing m the open air several days) was employed, especially when the blood and 
plaster was dried in the oven at 100° C. 



LABORATORY METHODS 


A MODIFIED METHOD FOR THE DETERMINATION OF 
BLOOD CHOLESTEROL 0 


Jerome E. Andes, Pit.])., New Orleans, La. 


I N THE determination of the cholesterol content of the blood and other body 
fluids, two general procedures are available. The first group of procedures 
comprises those in which the cholesterol is precipitated with digitonin, and 
estimated by either colorimetric or gravimetric means. In the second group the 
blood or serum is dried on a suitable medium, the cholesterol (and other fatty 
substances) extracted with a suitable fat solvent, and the cholesterol estimated 
colorimetrically by the Liebermann-Burchard reaction. The digitonin method, 
either as described by Windaus, 1 or according to one of the legion of modifica- 
tions published in recent years, is probably the most accurate and reliable. How- 
ever, it is quite an expensive method, and each determination requires con- 
siderable time for its completion. In addition, a fair degree of technical skill 
is needed for such analyses, and the average clinical technician docs not possess 
a great amount of chemical laboratory training. 

For this and other reasons the colorimetric method has become quite gen- 
erally employed in clinical laboratories. The method is inexpensive, it requires 
a minimum amount of technical skill, and it requires much less time for each 
determination than does any of the digitonin methods. Also the values obtained 
are sufficiently accurate for clinical work. 

Although Bloor 2 described the first direct colorimetric method, applicable 
to clinical work, the method of Myers and Warded 3 published two years later 
was the first method that seemed to give satisfactory results in the hand of 
technicians. In this method the blood or serum is dried on plaster of Paris (at 
100° C. for an hour), the cholesterol extracted with chloroform and the choles- 
terol in the chloroform extract determined colorimetrically by means of the 
Liebermann-Burchard reaction. This method, or as modified by Oser and Karr, 4 
has proved to be very reliable, and is in use in many clinical laboratories at the 
present. The chief objections that may be offered to this method are the follow- 
ing: it requires apparatus not always present in clinical laboratories; at least 
30 c.c. of chloroform are required for each determination; and the chloroform 
extract must be transferred to another vessel before making the colorimetric 
estimation. Lieboff 3 sought to simplify the method by the use of a special tube 
in which both the extraction and colorimetric estimation are made. Also he 

•From the Department of Biochemistry, Louisiana State University medical Center. 
Received for publication, April 9, 1934. 
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that extracted by chloroform. Also the results obtained by the use of alcohol- 
ether as a fat solvent were more erratic than when chloroform was employed. 

Other desiccating media (as fuller’s earth, powdered calcium carbonate and 
other inert salts, and zinc dust) were tried but found to be inferior to plaster 
of Paris. Also other extracting media (carbon tetrachloride, absolute alcohol, 
ether, etc.) were tested but again found to be similarly less desirable than 
chloroform. 

Prom the above results it would seem that the most satisfactory method 
would he one employing plaster of Paris as a drying medium and chloroform as 
an extraction medium. While the method of Myers and Wardell satisfies these 
requirements, a micromodification of this method is described below which em- 
ploys an extraction apparatus (composed chiefly of a Folin-Wu tube) in which 
the colorimetric comparison is also made. 


METHOD FOR THE DETERMINATION OF CHOLESTEROL IN WHOLE BLOOD OR SERUM 


Principle . — The blood (or serum) is mixed with plaster of Paris and allowed 
to dry a suitable length of time at room temperature. The cholesterol is then 
extracted by means of a simple refluxing apparatus and the colorimetric com- 
parison carried out in the same tube. 

Procedure .— Accurately pipette* 0.25 c.e. of whole blood or serum into a 
3-inch evaporating dish. Add a little over one-half teaspoonful of plaster of 
Paris (fresh) and thoroughly mixt with a spatula (a round-bottomed porcelain 
spoon is best used for this mixing) . Scrape the plaster loose from the dish with 
a clean dry steel spatula, and cover the mixture with a watch glass and allow 
it to stand at room temperature for thirty minutes or longer-! Then by means 
of a “V ’ '-shaped trough of smooth heavy paper, transfer the plaster of Paris 
to an extraction thimble of such a size that it will fit inside of a Folin-Wu tube§ 
(see Fig. 1). Place the extraction thimble inside the Folin-Wu tube, and ar- 
range the rest of the extraction apparatus** as shown in Fig. 1. Fill the 
bulb of the Folin-Wu tube about two-thirds full with pure chloroform, and 
place the tube on the hot plate. Add more chloroform as needed (until the 
thimble and contents become saturated with the chloroform) and carry on the 
extraction for at least thirty minutes. At the end of this time remove the con- 
denser and extraction thimble and allow about one-half of the chloroform in the 
bulb to boil away.tt 


‘This Is conveniently done by using a calibrated 1 c.c. pipette ^graduated to i /inn „ „ r 
ma e rk 3 e on e ‘Se l, pipe e t e te,. tWO * m ° St 3atistacto ^ «*. &« ± 

tThorough mixing' is essential for accurate values. 

tit may be heated in an oven at 100”C. for an hour «*. . 

room temperature if desired. oun or a!loT ' e ' 3 to stand overnight at 

SThese thimbies can be purchased on the market nr con ho . 

paste and thick Alter paper. The thimble is molded over^a 11 , brar >' 

extracted with chloroform. The thimbles can be used tar ™ w tul3 , an<i after drying 
tlons as the plaster of Paris is easily shaken out of the* drv tnh35lr?Jr e ,> nu , m 5 e f ot determina- 
te apparatus is similar to the one deiribed by Bernhard , n t 
sists ot a Folin-Wu tube where 5 c.c. ot volume com i» Prekter. It chtetly con- 

marked with a sharp Ale. The condenser Is merely a t^tnhe ™n C tt d 5 ortJ °n- This point is 
rim will just prevent its falling into the Folin-Wu tubt (2, shownl-uL li F ch A f ,ze that lta 
test tube of a suitable size, cut off at the proper length h i : st is best made from a Fyrex 

ttThls removes any water that might have collected during the extraction. 
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Table I 


Studies ox the Determination oh Cholesterol in Whole Blood and Serum 

(Pig. in mg. per 100 c.c.) 


COMPARISON OP PLASTER OP PARIS AND FILTER 
PAPER AS DESICCATING MEDIUM 

EFFECT OF TIME AND TEMPERATURE WHEN 
USING PLASTER OF PARIS AS A DESIC- 
CATING MEDIUM 

SAMPLE NO. 

VALUE 

MEDIUM 

SAMPLE NO. 

VALUE 

time and tempera- 
ture 

1. (Blood) 


Plaster of Paris 

7. (Serum) 

213 

30 min. at 25° C. 



Plaster of Paris 


219 

12 hr. at 25° C. 



Filter paper 

S. (Serum) 


30 min. at 25° C. 


loo 

Filter paper 



12 hr. at 25° C. 

2. (Blood) 

198 

Plaster of Paris 

9. (Serum) 


5 min. at 25° C. 


196 

Plaster of Paris 


199 

30 min. at 25° C. 


136 

Filter paper 


201 

30 min. at 25°- C. 


133 

Filter paper 


199 

12 hr. at 25° C. 

3. (Blood) 

193 

Plaster of Paris 



12 hr. at 25° C. 


132 

Filter paper 

10. (Serum) 

123 

30 min. at 25° C. 

4. (Blood) 

141 

Plaster of Paris 


119 

1 hr. at 100° C. 


125 

Filter paper 

11. (Serum) 

121 

30 min. at 25° C. 

5. (Serum) 


Plaster of Paris 


120 

1 hr. at 100° C. 


■ ?j§ 

Filter paper 

12. (Serum) 

W 

30 mm. at 25° C. 

6. (Serum) 

148 

Plaster of Pari3 



1 hr. at 100° C. 


81 

Filter paper 





EFFECT OP TIME AND TEMPERATURE WHEN 
USING FILTER PAPER AS A DESIC- 
CATING MEDIUM 

NEW VS. OLD PLASTER OP PARIS 

(dried 1 hr. at 100°) 

SAMPLE NO. 

VALUE 

TIME AND TEMPERA- 
TURE 

SAMPLE NO. 

NEW 

OLD 

13. (Blood) 


30 min. at 25° O. 

16. (Serum) 

201 




8 hr. at 25° U. 


199 




1 hr. at 100° C. 

17. (Serum) 

213 

161 

14. (Blood) 

136 

30 min. at 25° C. 


219 

152 


115 

8 hr. at 25° C. 

18. (Blood) 

213 

184 

15. (Blood) 

133 

30 min. at 25° C. 





110 

30 min. at 40° C. 





Comparison of Chloroform vs. Alcohol-Ether as an. Extracting Medium 


SAMPLE NO. 

CHLOROFORM 
(FROM 
PLASTER OF 
PARIS) 

.ALCOHOL-ETHER 
(FROM FILTER 
PAPER) 

SAMPLE NO. 

SERUM DRIED ON PLASTER OF 
PARIS 

CHLOROFORM 

ALCOHOL-ETHER 

19. (Serum) 

278 

2G0 

23. (Serum) 



20. (Serum) 

146 

81 



145 


142 

76 

24. (Serum) 

triBEv r 

165 

21. (Serum) 

200 

1% 

148 

189 

25. (Serum) 


120 

22. (Serum) 

180 

1G5 

26. (Serum) 

221 

217 


177 

154 





5. The alcohol-ether mixture does not completed extract the sterols from 
blood or serum dried oil filter paper,® but when the blood is dried on plaster of 
Paris the amount extracted is similar (although slightly below in eveiy ease) to 


*\Ve do not believe that this is necessarily contradictory to the findings of Bernhard and 
Drekter. The atmosphere in New Orleans is so nearly saturated with water vapor that a con- 
densation of moisture takes place with any method employing an extraction apparatus. At the 
end of the period of extraction (with Bernhard and Drektei^s method) from 14 to X c.c- of 
water had collected in the extraction tube. This had mixed with the alcohol-ether mixture, 
rendering it inefficient as a fat solvent. On a few days, when the atmosphere was somewhat 
less humid than usual, we were able to get results with filter paper and alcohol-ether, that 
rlnselv approached those with plaster of Paris and chloroform. However, another big objection 
to the use of alcohol-ether is that it must be evaporated off and chloroform added before the 
colorimetric estimation. This evaporation requires considerable time, unless facilitated by a 
current of air. With the chloroform extraction the evaporation is not necessary. 
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2. A method is described for the determination of cholesterol in blood (or 
other body fluids). The blood is dried on plaster oi Paris, and the cholesterol 
is extracted with eliloroform, the entire extraction and color development being 
completed in a Folin-Wu sugar tube. 
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Then remove the Folia- AVu lithe from the hot plate, allow it to cool and add 
chloroform to the 5 c.c. mark. Now add 5 e.c. of the standard solution of 
cholesterol* (containing 0.4 mg. cholesterol) into another Foliu-Wu tube and 
add to each 1 c.c. of pure acetic anhydride. Now place both tubes in a beaker of 
water (at about 25° C.), and add 0.2 e.c. (5 drops) of concentrated sulphuric 



acid. Mist quickly, stopper tubes, and place the beaker and tubes in the dark. 

At the end of fifteen minutes compare the colors in a colorimeter. 

Calculation . — The cholesterol in the blood or serum is calculated as follows: 

Reading of Standard , , , , 

T 5 — r- i~TT x = ni o- cholesterol per 100 c.c. 

Reading oi Unknown ° 1 

The total time for a complete determination is about ninety minutes. 


SUMMARY 

1. In the colorimetric estimation of blood (or serum) cholesterol, plaster 
of Paris seems to be the most satisfactory desiccating medium and chloroform 
appears to be the most suitable extracting medium. 

♦The stock standard is prepared by* dissolving- 160 mg. of pure cholesterol in 100 c.c. 
of chloroform. The working standard is made by pipetting 5 c.c. of this solution into a 100 c.c. 
volumetric flask, and making the volume up to 100 c.c. with chloroform, o c.c. — 0.4 mg. of 

C ^° fThe mixing is easily accomplished by blowing a current of air into the bottom of the 
tube. The air is dried by interposing a calcium chloride drying tube. 
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tions of formaldehyde, sodium citrate, Kemp and Calhoun’s solution, 1 - Dame- 
shek’s solution, 13 and the solution of Rees and Ecker. 14 The older physiologic 
solutions of Locke and Ringer, and the later modifications by Hedon and Fleig, 
Adler 10 and Tyrode 17 were also used as diluents. The last named solution, with 
slight modifications, was used by Flossner 18 and' Hofmann 10 for platelet count- 
ing. As diluents the physiologic solutions wereHound to be very unsatisfactory 
because they preserve the platelets for only fifteen to twenty minutes and be- 
cause they either contain preformed artefacts or produce them on contact with 
blood. A preserving fluid, to be satisfactory, must answer the following require- 
ments: (1) It must preserve the platelets for a reasonable length of time, at 
least several hours; (2) it must preserve the other cellular elements of the 
blood, the erythrocytes and leucocytes; (3) it must be isotonic so that the formed 
blood elements are not distorted; (4) it must be free from particulate matter; 
and (5) it must not produce precipitates or colloidal bodies when mixed with 
blood. The sodium metaphosphate solutions, first used by Pratt 20 for preserving 
and enumerating platelets, in general were found fo be more satisfactory than 
any of the other diluting fluids. That sodium metaphosphate is an excellent 
preservative for blood platelets as well as the other cellular blood elements has 
been pointed out by many investigators (Deetjen, 21 - 22 Hirschfeld, 23 Sabbatani, 24 
Helber, 25 Pratt, 26 Richardson, 27 Cadwalader, 28 Gottlieb, 20 Aynaud, 30 Reid, 31 
Maixner and von Deeastello, 32 Degkwitz, 33 * 34 Schenk, 36 Wittkower, 36 and Banner- 
man. 37 ). The following solution was empirically found to be the most satis- 
factory : 


Sodium metaphosphate (Howe and French) 

OH. OR c.c. 
1.0 

Sodium chloride 

0.5 

Dextrose 

0.1 

Distilled water 

100.0 


In this solution the platelets appear as clear, isolated, highly retractile 
bodies with numerous fine spinelike processes projecting from the periphery. 
The erythrocytes and leucocytes are excellently preserved; erenated or distorted 
red cells are rarely seen. It was found entirely superfluous to employ a dye 
to stain the platelets. However, if it is desirable to stain them, the followin'* 
formula may be used : 


UM. U 

Sodium raetaphosphate 1.0 

Sodium chloride o!d 

Dextrose O.i 

Sodium bicarbonate oil 

Brilliant creayl blue , oll5 ’ 

Distilled water 100.0 


In this solution both tire platelets and reticulocytes are well stained so that 
as has been suggested by Dameshek, 13 a reticulocyte and thrombocyte eount can 
be done simultaneously. The solutions, if not in use, should be kept in a cold 
place and should be filtei-ed every few days. 

TECHNIC FOR ENUMERATING THE BLOOD PLATELETS 

Die technic for counting blood platelets is more difficult than that of any 
other cellular constituent of the blood in view of the readiness with which they 


THE ENUMERATION OP BLOOD PLATELETS* 


Isadore Olee, M.D., Boston', Mass. 


T HE third formed cellular elements of the blood, the blood platelets or 
thrombocytes, were discovered by Donne 1 in 1S42 who called them “globu- 
lins.” Several years later they were independently observed by Zimmermann 5 ’ 3> 4 
who applied to them the term “Elementarkbrperehen” or elementary corpuscles. 
The classical descriptions of these bodies by Schultze, 3 Osier, Ci 7 and particularly 
by Bizzozero 8 ' 0 placed them on an important hematologic basis. Bizzozero who 
described these cellular elements during life as they appeared in the mesenteric 
vessels of rabbits and guinea pigs, introduced the term “blood platelet.” 

The blood platelet count and its variations occupy an important part in 
hematology in view of the role these bodies play in blood coagulation, thrombus 
formation and also possibly the defense of the organism against infection by 
microorganisms. The platelets are probably the most susceptible of any of the 
formed blood elements to mechanical or chemical influences, and are quickest to 
regenerate when favorable conditions supervene (Doan and Sabin 10 ). The 
enumeration of the thrombocytes is, therefore, important in the study of various 
hemorrhagic diseases, particularly purpura hemorrhagica; it probably is of 
greater significance than is realized in various anemias, leucemias and infections. 

Numerous methods for counting' blood platelets have been introduced since 
the time of Bizzozero. The difficulties encountered by various investigators in 
counting platelets are undoubtedly due to the peculiar pliysicial properties of 
these cellular elements; viz., their great tendency to agglutination, adhesion, 
and easy disintegration under extravaseular conditions. To these must be added 
their small size and light weight. Although the number of methods for enumer- 
ating the thrombocytes is large, none is fully satisfactory. 

In 1930, I 11 described an indirect method for counting blood platelets, the 
diluting fluid consisting of a 2 per cent solution of sodium metaphosphate 
(Merck). Shortly after the publication of my method it was discovered that - 
Merck & Co. had discontinued the manufacture of this chemical. A 2 per cent 
solution of a soluble polymer of sodium metaphosphate prepared by Howe and 
French of Boston was found to be too hypertonic for platelet counting. Some 
twenty diff erent concentrations of this chemical, alone and in combination with 
other substances, were then experimented with. In addition a number of solutions 
that have been recommended for platelet counting were tried: physiologic 
saline, 14 per cent solution of magnesium sulphate, several different coneentra-^ 

•From the Medical Clinic of the Boston Dispensary, Service of Dr. Joseph H. Pratt, and 
the Department of Medicine. Tufts Medical School. 
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on the theory that each platelet possesses a negative electric charge whose magni- 
tude depends on a number of factors, as the hydrogen ion concentration 
of the blood or the composition of the blood plasma. An excess of substances 
like fibrinogen or globulin causes a diminution in the electric charge, thus favor- 
ing agglutination and disintegration of the platelets (Starlinger and Sametnik, 03 
Stuber and Lang 64 ). This is further favored by contact with foreign substances 
and chemical injury of various types (Dietrich 55 ). The other is based on the 
theory originally proposed by Aeliard and Aynaud 50 and further elaborated 
by Roskam? 7 and Govaerts 38 ’ 59 ’ 60 * 61 that there is adsorbed on the surface of 
each platelet a thin layer of plasma colloids, the so-called “plasma layer,” which 
brings about agglutination and disintegration of platelets when the latter come 
in contact with water-wettable surfaces or foreign bodies. Osterhout 02 points 
out that when animal tissues are crushed or injured so that the internal fluid of 
the cells escapes, the fluid thus liberated may have a deleterious action on the 
healthy cells. 

It is obviously important to bring the blood platelets rapidly in contact with 
the presexwing fluid in order to obviate the destructive effects incident to the 
admixture of tissue juices, disintegration products of injured cells and of for- 
eign bodies. This can be accomplished by (1) thorough cleansing of the skin 
before the puncture, (2) discarding the first drop or two of blood, (3) placing 
a drop of the preserving fluid over the puncture wound before the blood reaches 
the>§urface of the skin, and (4) mixing the blood and preserving fluid in paraffin 
or amber vessels. The discarded blood contains disintegration products of 
crushed and injured cells and is also diluted by the admixture of lymph; the 
subsequent drops of blood contain no such disintegration products and no admix- 
ture of lymph, since the higher pressure within the blood vessels very promptly 
forces the blood into the open lymph channels. Moreover, Pemberton, 63 Pierce 
and Pemberton 04 and Crouter and Cajori 05 have shown that in a considerable 
percentage of normal persons the first drop of blood yields higher erythrocyte 
counts than the subsequent drops; the reverse is true, they claim, in patients 
with arthritis. Obviously, when the indirect methods for counting platelets are 
employed where the erythrocyte-platelet ratio is determined, the first drop of 
blood should be discarded in order to obtain standard and comparable results. 
Horwitz 41 obtained higher platelet counts in the first drop of blood than in the 
subsequent drops; Steinmaurcr 00 obtained no regular variations in the number 
of thrombocytes in the first and the fourth to fifth drops, although his average 
counts reveal somewhat greater numbers in the fourth to fifth drops of blood 
than in the first drop. In my own counts the first drop of blood has always 
yielded lower platelet values than the subsequent drops. The puncture wound 
should always be made sufficiently deep to obtain a fairly rapid flow of blood 
without the application of pressure. Bannerman 37 has shown that blood flowing 
rapidly yields higher platelet counts than blood flowing slowly. After the first 
drop or two of blood has been wiped away the further flow of blood can be easily 
controlled by gentle pressure over the wound with a piece of sterile gauze until 
the preserving fluid is applied. 
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disintegrate outside the body and the way they adhere to injured vascular 
epithelium and to foreign substances. The important technical steps in count- 
ing platelets are: (1) Drawing of the blood, (2) diluting and preserving the 
blood and (3) properly enumerating the platelets in the diluted blood. The 
first two procedures will be considered now. 

OBTAINING BLOOD FOR PLATELET COUNT 

According to Schenk, 33 Zeller, 3S Pagniez and Mouzon, 30 ICristenson, 40 Hor- 
witz 41 and Jurgens 12 capillary blood is as accurate as venous blood for platelet 
counting and is certainly easier to obtain. A number of investigators (Aynaud, 30 
Aehard and Aynaud, ‘ 3 - “ Thomsen, 45 Buekman and Ilallisey, 43 Cramer and 
Bannerman, 47 Gutstein, 4S Preiss, 40 and Iioskam 30 ) recommend the use of venous 
blood in order to avoid admixture of tissue juices and the adhesion of platelets 
to raw surfaces. This, however, is easily obviated by puncturing the finger and 
following the procedure to be described. Moreover, the methods employing veni- 
puncture involve too much manipulation of the blood and do not yield higher 
counts than the methods in which capillary blood is used. 

The finger should always be used for drawing blood. It is advisable to em- 
ploy a warm hand-batli immediately before puncturing the finger. This is 
carried out by immersing the hand in warm water, the hand being opened and 
closed for exercise. The active hyperemia thus produced accelerates the local 
circulation, facilitating a rapid flow of blood when the finger is punctured. 
The palmar surface of the finger tip is punctured with a Frank automatic lancet 
about one centimeter from the end after thorough cleansing of the parts with 
soap and water and subsequent drying with alcohol and ether or acetone. The 
lobe of the ear is not a satisfactory site for drawing blood; here the external 
temperature is apt to produce considerable changes in the capillaries, as has been 
pointed out by Naegeli. 51 Moreover, the presence of' fine hair in that region 
favors the adhesion and agglutination of platelets. I 11 have shown that blood 
obtained from the finger yields higher platelet counts than blood obtained from 
the lobe of an ear. 


PRESERVING AND DILUTING THE BLOOD 

Extravascular changes in thrombocytes have been studied by a number of 
investigators, but just what the earliest changes are has never been determined. 
It is generally conceded, however, that the early changes are hastened by the 
admixture of tissue juices and retarded by the addition of anticoagulants and 
by dilution. When the blood platelets come in contact with a water-wettable 
surface, they become adherent to it, spread out, and rapidly disintegrate, liberat- 
ing tliromboplastic substances which are capable, in the presence of calcium 
salts, of transforming fibrinogen into fibrin with the formation of thrombin. 
If the water-wettable surface is smaller than that of the platelets, as in the case 
of colloids or microorganisms, the platelets attach themselves to it without dis- 
inte°ratin o ' rapidly. The two important physicochemical processes involved in 
some of these changes are' discussed by Morawitz and Brugsch. 32 One is based 
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fairly free flow of blood without applying pressure. The first drop or two of 
blood is wiped away; if the blood should form a dry layer on the surface of the 
skin, it may be washed off with a little of the diluent. A drop of the diluting 
fluid is then placed over the puncture wound before the blood reaches the surface 
of the skin and the hand quickly turned over so that the palmar surface is 
directed downward. The blood, having a greater specific gravity than the 
diluting fluid, falls rapidly to the bottom to the drop of diluent, as shown in 
Pig. 1. After a sufficiently large drop of blood has escaped, the entire mixture 



Pis'. 1. — Technic for initial dilution of blood. 

Fig-. 2. — Teclinic for Anal dilution of blood. A, palmar surface of finger; B, drop of blood; 
C, drop of diluent; D, diluent in paraffin cup; P, paraffin cup. 


Fig. 3.— Microphotograph of a wet preparation from a normal blood (X8001 showing the ideal 
proportion of erythrocytes and platelets (the latter marked by arrows). ^ 



is applied to the surface of a small quantity (three to four drops) of diluting 
fluid contained in a paraffin cup, as shown in Pig. 2. The entire drop on the 
finger consisting of approximately equal parts of blood and diluent drops off into 
the cup. In this manner the blood is diluted approximately 1:5. The cup is 
prepared by melting the center of a small cube of paraffin, about 2 cm. on the 
side, with the heated end of a glass rod. The contents of the cup are then 
stirred gently with a wooden applicator, the end of which is coated with paraffin. 
The mixture is allowed to stand for a minute or two, stirred again and then is 
transi erred by means of a clean paraffin-coated applicator to a glass slide; 
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Blood thus obtained from the finger must be mixed in tiie proper propor- 
tion with some diluent which not only preserves the platelets, but also the other 
cellular constituents of the blood. The use of undiluted blood for platelet count- 
ing, recommended by Jedlicka and Altscliuller ,'' 7 is undesirable because un- 
diluted blood yields preparations too thick for accurate thrombocyte enumera- 
tion. Pratt , 20 Reid , 31 Sooy and Laurens ,!s and Cumings 59 in their indirect 
methods, and Kemp and Calhoun , 12 ’ 70 Flossner, ls Hofmann , 19 Degkwitz , 33, 34 
Schenk , 33 Wittkower , 30 Pagniez and Mouzon , 39 Achard and Aynaud , 43 Roskam , 30 
Kemp , 71 Kemp, Calhoun and Harris , 72 Laker , 73 Muir , 74 Brodie and Russell , 75 and 
Determann 70 in their modified indirect methods allowed a drop of blood to fall 
into the diluting fluid placed on a glass slide or contained in a special vessel. 
This procedure carries with it considerable error in that the undiluted blood is 
allowed to come in contact with the surface of the skin and with the external 
air. My previous method involved this error. Bizzozero , s ' 9 Bannerman , 37 
Zeller, 3S Pizzini , 77 Sahli , 75 Fonio , 79 Evans , 50 and Mackay si punctured the finger 
through a drop of diluting fluid; by this procedure obviously only the first drop 
of blood is available, and this does not yield accurate platelet counts, as has 
been pointed out before. Steinmaurcr 00 and Hittmair 52 produce a superficial 
puncture without drawing blood, place a drop of the diluting fluid over the 
wound and by pulling the edges of the puncture apart allow some blood to escape 
into the overlying drop of diluent. It is not possible to pull the edges of the 
wound apart without exerting pressure in the neighborhood of the puncture, a 
procedure involving considerable error in platelet counting. Moreover, the use 
of the first drop of blood increases this error. 

Bizzozero , 8 ' 9 Bannerman , 37 Steinmaurcr , 00 Sahli, 7S Fonio , 79 Mackay , 81 Hitt- 
mair , 82 and von Boros and Ivalstcin S3 mixed the blood and the diluent on the 
finger. This technic involves a number of inaccuracies. During the process 
of stirring the mixture there is unavoidable contact of blood and skin with re- 
sulting destruction or clumping of platelets. If the blood is flowing freely, as 
it should if a correct count is to be obtained, the blood and diluting fluid form a 
very large drop in which it is rather difficult to obtain a uniform distribution 
of the blood and which frequently rolls off the finger, especially in women in 
whom the surface at the tip of the finger is small. Furthermore, freely flowing 
blood mixed with only one drop of preserving fluid yields preparations too thick 
for accurate platelet counting. Dameshek 13 does not stir the blood-diluent mix- 
ture at all; he places a drop of the preserving fluid over the puncture wound 
after the first drop or two of blood has been wiped away, then allows some blood 
to escape into the overlying drop of diluent and by applying a cover slip to the 
mixture, carries some of it away. This procedure is inaccurate because the 
platelets, being very light, quickly rise to the surface of the drop of diluting fluid 
before the considerably heavier erythrocytes have become uniformly distributed. 
The fluid on the cover slip, therefore, contains a relatively larger number of 
platelets than red cells. 

The following procedure, in my opinion, obviates all the above mentioned 
inaccuracies in technic. The palmar surface of the finger tip is prepared in the 
manner previously described. A puncture is made sufficiently deep to obtain a 
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The minimum count for the group was 437,000 platelets per cubic milli- 
meter; the maximum, 5SG,000. The average for the group was 514,000 platelets 
per cubic millimeter; the average for males was 525,000; that for females was 
504,000. 

In order to test the accuracy of the method, platelet counts were done simul- 
taneously from two different fingers of the same person. The results are given 
in Table II. 

The number of thrombocytes determined under the same physiologic condi- 
tions at the same hour of the day remains fairly constant. This is show in 
Table III which represents the comparative platelet counts obtained from the 
same person on different days. 

Table II 


Comparison op Platelet Counts Prom Two Different Fingers on the Same Person 


SEX 

AGE 

platelets per C.MM. PERCENTAGE of 
FINGER I FINGER II VARIATION 

REMARKS 

M 

35 

434,000 

436,000 

0.4 

Case of pernicious anemia under 




liver treatment 

P 

31 

439,000 

438,000 

0.2 

Chronic secondary anemia 

P 

33 

637,000 

635,000 

0.2 

Polycythemia 

P 

40 

557,000 

543,000 

2.5 

Catarrhal jaundice 

P 

16 

580,000 

590,000 

1.7 

Bronchial asthma 

P 

32 

450,000 

428,000 

5.0 

Chronic secondary anemia 

M 

35 

505.000 

519.000 

575,000 

1.8 

Normal 

M 

32 

536,000 

3.2 

Normal 

P 

40 

564,000 

503,000 

0.2 

Normal 

M ' 

35 

517,000 

511,000 

1.1 

Normal 

At 

28 

500,000 

495,000 

1.0 

Normal 

P 

41 

547,000 

545,000 

0.4 

Normal 

AI 

25 

583,000 

558,000 

4.4 

Normal 

At 

33 

504,000 

496,000 

1.6 

Normal 

AI 

45 

537,000 

505,000 

0.1 

Normal 

AI 

33 

482,000 

494,000 

2.7 

Normal 




Table III 




Variation of the Platelet Count in Adults 



DATE 

PLATELETS 


PERCENTAGE 

SEX 

age 

(1933) 

PER C.MM. 

AVERAGE 

OF REMARKS 

VARIATION 

F 

20 

Oct. 19 
Oct. 20 

451.000 

474.000 

452.000 

462,000 

5.0 Normal 

AI 

40 

Nov. 16 




Nov. 17 

407,000 

459,000 

3.0 Mild chronic second- 

ary anemia 

AI 

36 

Nov. 3 

502,000 




Dec. 23 

494,000 

498,000 

1.0 Normal 

AI 

37 

Oct. 5 

581,000 




Dec. 21 

500,000 

570,000 

3.7 Normal 

At 

34 

Oct. 21 

495,000 





Dec. 19 

480,000 

4S7,000 

3.0 Normal 

AI 

25 

Oct. 20 

571,000 



Dee. 15 

578,000 

574,000 

1.2 Normal 

P 

22 

Sept. 26 

53S.000 





Dee. 21 

508,000 

523,000 

5.7 Normal 


DISCUSSION OF METHODS EMPLOYED FOR COUNTING THE BLOOD PLATELETS 

The numerical estimation of the blood platelets has not come into general 
clinical practice apparently because simple methods of estimation are not suf- 
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usually three preparations can be obtained as the lluid in one cup yields three 
large drops. A cover slip is placed over each drop and after the preparations 

• have been allowed to stand for ten to fifteen minutes, a relative platelet erythro- 
cyte count is made, using the oil immersion lens. The glassware must be scrupu- 

4 lously clean, fox-, as Penn 81 showed, hemolysis is most marked on slightly spiled 

• glassware and may occur so rapidly with unfixed or improperly fixed cells that 
accurate counts are rendered impossible. When hemolysis occurs, artefacts in 
the form of “Arnold bodies” nearly always appear. Each oil immersion field 

• should contain 100 to 150 ei-ythroeytes (Fig. 3). In such a preparation the 
platelets appear as clear, isolated, highly refraetile bodies suspended in the 
thud medium, axid are either motionless or exhibit Brownian motion. In thin 
preparations both the platelets and erythrocytes are liable to tx-auma from 
pressm-e of the cover slip; moreover, the platelets are often seen clinging to the 
underlying glass slide and eventually losing their refraetile appearance, spread- 
ing out and disintegrating into coarse granules easily mistaken for small 
platelets. This explains the unduly high platelet counts frequently obtained 
in very thin preparations. In thick preparations the red cells often cover some 
of the platelets which escape the count. The platelets and ei-ythrocytes are both 
counted in fields taken at random in different parts of the three pi'epai’ations, 
until at least 1,000 red cells have been seen. An erythrocyte count is then done 
in the usual manner, and the absolute number of platelets per cubic millimeter 
is determined. 

Table I represents the platelet counts obtained by the method described 
here in thirty-eight normal pel-sons, twenty-two males and sixteen females. 

Table I 


Normal Platelet Counts by the Author's Method 


AGE 

MALES 

PLATELETS PEE C.MM, 

AGE 

FEMALES 

PLATELETS PER C.MM. 

35 

404,000 

40 

470,000 

27 

521,000 

40 

4S2.000 

28 

500,000 

24 

491,000 

40 

5GS,000 

30 

480,000 

33 

500,000 

41 

541,000 

31 

505,000 

40 

512,000 

25 

570,000 

52 

437,000 

33 

495,000 . 

45 

559,000 

33 

51G,000 

20 

474,000 

2G 

511,000 

40 

513,000 

35 

514,000 

19 

445,000 

30 

4.88,000 

113 

528,000 

35 

502,000 

20 

500,000 

24 

486,000 

22 

53S,000 

35 

570,000 

40 

564,000 

32 

577,000 

52 

519,000 

14 

502,000 



38 

5S1,000 



28 

546,000 



32 

552,000 



44 

510,000 



30 

540,000 
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ambev. The direct methods for counting blood platelets, therefore, with twenty- 
three possible sources of error, are totally unreliable. 

Indirect Methods .— In the indirect methods either the graduated pipette 
alone, or both the pipette and counting chamber are dispensed with. The 
ratio of platelets to red cells is first obtained. Then, by doing an erythrocyte 
count in the usual manner, the absolute number of platelets per cubic millimeter 
is calculated. Three different indirect methods are being employed for platelet 
counting. 

1. Dry Indirect Methods: Dried films are prepared from undiluted or 
diluted blood, stained with some suitable dye and the ratio of platelets to erythro- 
cytes determined. Introduced by Rabl ss in 1896, it was employed with some 
modifications by Steinmaurer, 66 Fonio, 79 Hittmair, 82 ' 92 Gottlieb, 93 Stahl, 94 Osel- 
Iadore, 95 Lesehke and Wittkower, 86 Caspar 97 and Doenecke. 98 With the excep- 
tion of Hittmair and Steinmaurer, the investigators using this method obtained 
normal counts of approximately 250,000 platelets per cubic millimeter. This 
method is not trustworthy; many of the platelets are destroyed during the prep- 
aration of the films, and some are washed off during the process of staining. 
Hittmair ’s modification of this method yields normal counts of about 480,000 
platelets per cubic millimeter; that of Steinmaurer, 690,000. Some of the in- 
accuracies involved in the technic of these two investigators have been pointed 
out before. Moreover, Hittmair employs as diluent a 14 per cent solution of 
magnesium sulphate which is highly hypertonic and, according to Boshamer," 
breaks up some of the platelets, thus raising the count. Steinmaurer used 
Tyrode’s solution as the diluting fluid; the errors involved when this solution is 
employed as a preservative for platelets will be discussed later. Apparently the 
dry indirect methods, although simple in their application, possess many in- 
herent sources of error and are, therefore, unreliable. 

2. Modified Indirect Methods: In these methods the graduated pipette is 
discarded, the blood being mixed with the diluent on the finger, on a glass slide 
or in a special vessel, and a drop of the mixture then placed in a counting 
chamber where the relative number of platelets and erythrocytes is determined. 
The results obtained by various investigators using this method are given in 
Table V. 


i. 

I 

1 

\ 


Table V 


Average Number or Blood Platelets Per Cubic Millimeter or Normal Blood as 
Determined by Various Authors Using the Modified Indirect Method 


AVERAGE NUMBER 

OP PLATELETS 

PER C.XIM. 

author 

average number 

Or PLATELETS 

PER C.MM. 

AUTHOR 

150.000 - 200.000 

210.000 - 245,000 

216.000 

200.000 - 250,000 

227.000 

230.000 

250.000 

235.000 - 3SS,000 

250.000 - 300,000 

SahIPs 

Roskam 3 " 

Achard and 
Aynaud* 3 

Muir'* 

Dctennann f o 

Schenk 33 

Bizzozero 3 

Pagniez and 
MouzonW 
Wittkower 33 

300,000 

300.000 

400.000 

590.000 - 760,000 

635.000 

682.000 - 760,000 

600.000 - 900,000 

778.000 - 862,000 

Evansso 

Degkwitz 33 . 3+ 

Laker* 3 

Cumingsw 

Brodie and Russell* 3 
Fliissnerps Hof- 

mannw 

Horwitzn 

Kemp and 

Calhoun 3 *, *o 
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ficiently accurate and because the more exact methods are not sufficiently simple. 
The great number of methods and modifications of methods found in the litera- 
ture indicates a lack of standardization in technic. The methods thus far intro- 
duced for enumerating the blood platelets can be divided into three groups: 
direct methods, indirect methods, and special methods. 

Direct Methods . — The direct methods for counting blood platelets involve 
the use of the graduated pipette and the counting chamber. The results ob- 
tained by various investigators employing this method are given in Table IF. 

That the direct methods are untrustworthy is shown by the normal platelet 
counts reported which vary from 100,000 to 1,000,000 per e.mm. Many early 
investigators (Laker, 73 Muir, 74 Brodie and Russell, 75 Dctcrmann, 7G Pizzini, 77 
Halla, 85 Rabl 80 ) recognized the fallacies of the direct methods. Ivrumbhaar 87 
enumerates sixteen common errors in counting erythrocytes. Everyone of these 

Table IV 


Average Number op Platelets Per Cubic Millimeter as Determined by 
Various Authors Usixo the Direct Method 


AVERAGE NUMBER 

OF PLATELETS 

PEE O.MM. 

AUTHOR 

average number 

OF PLATELETS 

PER C.MM. 

author 

100,000 - 350,000 

Oestreich* 4 ® 

207,000 

Wright and 
Kinnicutt 145 

180,000 - 250,000 

Fusarim 

210,000 

AynauiDw v 

200,000 - 300,000 

Afanassie\v> 4 ® 

228,000 

Helber-® 

250,000 - 300,000 

Howlettn’ 

230,000 - 240,000 

Port and Akiyamai 43 

300,000 

Goadbyns 

245,000 

Gutsteiips 

337.000 - 340,000 

300.000 - 500,000 

van Herwerden 44 ® 

245,000 

van Emden* 3 

Jepsen 403 . 

Preiss 4 ® ^ 

250,000 

Hayeniss 

320,000 - 450,000 

250,000 

Gottlieb^® 

360,000 - 500,000 

BarbieriiM 

251,000 

Maixner and Decas- 

500,000 

Prusisi 


tello 33 

530,000 

Case.v and Helmer 452 

255,000 

Ottenberg and 

600,000 

Puchberger* 53 

284,000 

Rosenthal 444 
Buckman, and 
Hallisey 40 

1,000,000 

Lamport® 4 


errors is possible also when counting platelets by the direct methods in addition 
to the following : Clumping of the platelets during the drawing of the blood into 
the pipette, the impossibility of visualizing the smaller platelets with the high 
dry lens, the failure to visualize some of the platelets in the 100 microns space 
that exists between the bottom of the counting chamber and the overlying cover 
glass, the sticking of the platelets to the sides of the pipette and to the parts 
of the hemacytometer, and the confusion of foreign particles or precipitates 
jyith platelets. Even the temperature of the pipette in this method is apt to 
cause considerable error, as was pointed out by Kemp, Calhoun and Harris 72 and 
by Hayem; 88 in a warm room the error would be greater than in a cold room. 
A source of error frequently overlooked is the dilution of the blood. Wind- 
feld 89 ' 90 showed that plasma diluted 1 :20 will often give platelet counts twice 
as great as undiluted plasma, due to the fact that in higher dilutions the platelets 
disintegrate readily, yielding greater values. This is especially liable to occur 
when diluents are employed which preserve the platelets poorly, as Tyrode’s 
solution. This source of error explains partly the extremely high normal values 
reported by Lampert 91 who employed a specially constructed pipette made of 
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(Eufinger and Knobloch 100 ). Lamport 195 as well as Eufinger and Knobloch 100 
also believe that some of these formations are colloidal bodies. Doenecke, 9 
Jepsen, 105 Behr, 104 and Hartmann 107 consider these bodies to be artefacts whose 
nature is uncertain. 

The small bodies above referred to are very similar in appearance and size 
to the formations described by Edelmann 108 as the fourth blood element and 
believed by Pelczar and Koloszynski 109 to represent microthrombocytes arising 
during the process of disintegration of platelets. Moreover, these small bodies 
are also quite similar, according to Blaeher, 110 to hemokonia or blood dust first 
described by Muller: 111 although best seen when examined in the dark-field, they 
can at times be observed with the oil immersion lens in ordinary preparations. 
Hemokonia may arise from fat droplets in the blood (Schilling 112 ), from blood 
platelets (Horwitz, 41 Boshamer 00 ), and possibly from white blood sells (Behr 104 ). 
The degeneration products of erythrocytes known as pseudospirochetes and fila- 
mentous forms (“Blutfaden”) and described by Zeller, 113 Schultz, 314 Takeuchi, 115 
von Neergaard, 116 Auer, UT Andre, 118 and Doerr and Seidenberg, 119 rapidly break 
up with the formation of eoecoid forms similar to hemokonia. This is par- 
ticularly apt to occur in blood from febrile patients. Furthermore, the above 
mentioned small bodies are very similar to some of the smaller “Arnold bodies" 
(degeneration products of red cells) described by Schultze, 5 Osier, 7 Hayem, 88 
Wlassow 120 and particularly by Arnold 121 and visible in ordinary oil immersion 
preparations. These minute bodies, in other words, are either artefacts or frag- 
ments of disintegrated platelets or of the other cellular blood constituents. They 
possess neither the morphology nor the staining characteristics of platelets. 
They cannot, therefore, be considered as thrombocytes. 

A characteristic feature in preparations where Tyrode’s solution is em- 
ployed as the diluent, is the presence of large numbers of small thrombocytes 
whose size is one-quarter the diameter of a red cell (1.8 microns) or less. Some 
investigators using this solution (Flossner, 18 Hofmann, 13 Horwitz, 41 Cumings, 60 
Boshamer 90 ) are of the opinion that in it the smaller platelets are preserved; 
these small forms, they believe, are very fragile and are apt to disintegrate 
rapidly, thus escaping the count. Jurgens 42 who employed a modification of 
Thomsen’s 45 method, holds a similar view. In Tyrode’s solution the small 
thrombocytes form 50 to 70 per cent of all of the platelets. The average size of 
normal platelets as reported by various observers not using Tyrode’s solution is 
given in Table VI. 1 


Table VI 

AVERAGE DUMETEa OP PLATELETS AS DETERMINED BY VARIOUS AUTHORS 


AVERAGE DIAMETER 
OP PLATELETS 

IN MICRONS 

AUTHOR 

AVERAGE DIAMETER 

OP PLATELETS 

IN MICRONS 

AUTHOR 

0.5 - 2.0 

2.0 - 5.0 

2.0 - 3.0 

2.0 - 3.0 

2.0 - 3.0 

2.0 - 4,0 

2.0 

2.5 - 5.0 

Dameshekia 

Richardson^ 

DegkwitzM, 3i 

Acbard and Aynaud*a 

Prciss‘9 

van Emdea’3 

Alulrr* 

Determ ann'a 

2.0 - 3.0 

3.0 

2.0 - 6.0 

2.0 - 5.0 

2.5 - 4.0 

1.8 - 3.6 ' 

3.0 

Alackay 5 * 

Stahls* 

Koloza 10 ® 

EeimaanJaa 

Howlettis* 

Afanasaiewiss 

Maximow and 

Blooaiss 
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Iii the ordinary hemacytometer foreign bodies might be easily confused 
with jflatelets; lienee the unreliability of counts obtained in this manner. Even 
when the dry high power lens is used, products of degenerated erythrocytes 
(“Arnold bodies”), foreign particles and bacteria may be mistaken for platelets. 
The platelets themselves, particularly the small forms, are often recognized with 
difficulty in the chamber. A serious objection to the use of the counting chamber 
is its depth, as was pointed out by Pratt, 2 ' 5 Halla, ss and others. The ordinary 
Thoma-Zeiss hemacytometer is 0.1 mm. or 100 microns deep, which is about forty 
. times the diameter of the average platelet. The erythrocytes quickly settle to 
' the bottom, but the platelets, being considerably lighter in weight, tend to float in 
the upper layers of the fluid and settle to the bottom very slowly. It is, there- 
fore, difficult not to miss some of the platelets in the count. Even when specially 
constructed chambers with smaller depths are employed, methods involving their 
use are unreliable (Helber,® 5 Pratt 20 ). The counts obtained by the modified in- 
direct methods, therefore, will below if many of the platelets escape the count 
because of the impossibility of visualizing them all in the hemacytometer; or the 
counts will be loo high if foreign particles and bacteria in the counting chamber 
are mistaken for platelets. Kemp and Calhoun’s 12 ’ 70 high counts, for example, 
are due to the inclusion in the platelet counts of “Arnold bodies” which arc not 
readily differentiated from platelets with the dry high power lens. 

The modified indirect method of Plossncr 10 and Hofmann 19 where Tyrode’s 
solution is used as the diluting fluid, has been adopted recently by a number 
of investigators (Horwitz, 41 Cumings, 09 Boshamer," Kolozs, 100 Schulte 101 and 
Weiss 102 ). Tyrode’s solution is also the diluting fluid in the direct methods of 
Preiss, 40 Lamport, 01 Jepsen, 103 and Belli’, 104 and in the dry indirect method of 
v Steinmaurer. 00 This solution, which is a good artificial nourishing fluid, has the 
following composition: NaCl 8; KC1 0.2; CaCL 0.1; NalLPO, 0.05; NaIIC0 3 1; 
dextrose 1; oxygen to saturation, and ILO 1,000. When Tyrode's solution is 
used as a diluting fluid, numerous small, rounded bodies, approximately 0.5 to 
1 micron in diameter, appear in the preparations. They are very infrequent 
in other preserving fluids. These bodies exhibit very active Brownian-like mo- 
tions, changing their position continuously among the red cells. They do not 
stain readily with the ordinary dyes and appear to be highly resistant when in 
contact with glass, much more so than platelets. There has been considerable 
controversy as to the nature of these bodies. Horwitz, 41 Steinmaurer, 00 Burn- 
ings, 09 Bosliamer," Ivolozs, 100 Schulte 101 and Weiss 102 consider them as platelets. 
Lampert 105 considers them as crystalline products formed by the interaction of 
the solution with glass, with the formation of CaC0 3 : 

CaCl 2 + 2NaHC0 3 = CaIL,(C0 3 ), + 2NaCl 

CaH 2 (C0 3 ) 2 4 2NaOH = CaC0 3 + Na 2 C0 3 +2H„0 

CaC0 3 , being slightly soluble, is precipitated out in the form of crystals. 
By preparing a special optically pure Tyrode’s solution Lampert was able to 
reduce the number of these bodies, but there were still many present. They are 
present even after the solution has been carefully filtered ten to twelve times 
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ployment of Tyrode’s solution as diluent which contains a variety of artefacts 
easily confused with platelets. This method for enumerating the thrombocytes 
is, therefore, untrustworthy. 

3. True Indirect Methods: In these methods both the graduated pipette and 
the counting chamber are dispensed with. A drop of the diluted blood is placed 
on a clean glass slide, covered with a cover slip and by using the oil immersion 
lens the ratio of platelets and erythrocytes determined. These methods for 
counting blood platelets are, in my opinion, the most accurate because they in- 
volve a minimum manipulation of the blood. The results obtained by various 
investigators using this method are given in Table VIII. 


Table VIII 

Average Number, op Blood Platelets Per Cubic Millimeter as Determined by 
Various Authors Using the True Indirect Method 


AVERAGE NUMBER 

OP PLATELETS 

PER C.MM. 

AUTHOR 

AVERAGE NUMBER 

OF PLATELETS 

PER C.MM. 

AUTHOR 

250,000 

Bannerman 33 

327,000 

Cadwalader 333 

300,000 

Reid 3 i 

390,000 

Mackaysi 

312,000 

Cramer and Banner- 

469,000 

Brattle 


man/” 

590,000 - 760,000 

Cumingsso 

300,000 - 600,000 

von Boros and Kal- 

619,000 

Olefn 


stein 33 

716,000 

Dameshek 33 


The considerable divergence in the results reported is due either to in- 
accuracies in the technic employed, or to the preserving fluid used as diluent. 
Bannerman’s 37 technic is inaccurate because he used the first drop of blood -/ 
and then mixed the blood and diluent on the finger. The procedures o£ 
Reid, 31 Cadwalader 123 and Pratt 26 are very similar and involve errors because 
the first drop of blood drawn is transferred to a drop of diluent on a glass slide, 'J 
thus permitting the blood to come in contact with the surface of the skin and 
the external air. The method of Cramer and Banner man 17 contains several 
enois: (1) too great manipulation of the blood which is obtained by venipunc-'^'^ 
time, (2) too great dilution of the blood (1:10), and (3) mixing blood and -J 
diluent with a teated pipette not covered with paraffin. Von Boros and Kal- v 
stem 33 as well as Maekay 81 used the first drop of blood and mixed the blood and j 
diluting fluid on the finger; this procedure is inaccurate. Cnmiiigs 09 employed J 
Tyrode’s solution which is a very poor preserving fluid for platelets. My 
previous method 11 involved the error of allowing the blood to come in contact J 
with the surface of the skin and the external air. Dameshek’s 13 method is in- / 
accurate because, as previously noted, the blood and diluent do not form a uni-"' 
form mixture, thus yielding relatively high platelet counts. 


Special Methods.— Zeller’s Method : The method of Zeller 38 is essentially 
a modified indirect method and is too complicated for clinical purposes, as it 
involves the use of the torsion balance. By employing Kemp-Calhoun’s 12 dilut- 
ing fluid he obtained normal values of 500,000 to 750,000 platelets per cubic 
millimeter. The sources of error in this method are (1) too much handling of 
the blood, (-) the employment of the hemacytometer, and (3) the use of Kemp- 
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From this table it is obvious that the average size of normal platelets, ac- 
cording to most investigators, is 2 microns or greater; Dameshek’s 13 smaller 
figures are due to the fact that his solution is hypertonic. 

According to size, platelets arc best classified into three groups: Group I, 
consisting of platelets whose size is one-quarter the diameter of a red cell, or 
about l.S microns; Group II, consisting of platelets one-third the diameter of 
a red cell, or about 2.5 microns; and Group III, consisting of platelets one-half 
the diameter of a red cell or greater, or about 3.6 microns. The occasionally 
present irregular forms may be placed in Group IV. Table VII represents the 
classification of platelets according to size, as determined in wet preparations 
by Boshamer, 88 Degkwitz 33 and by the author. 


Table VII 

Differentiation of Platelets According to Size as Determined in Wet Preparations 


autuor 

GROUP I 

GROUP II 

GROUP III 

GROUP IV 

remarks 

Boshamer 

■10% 

h% 

3.0% 

1.5% 

Tyrode’s solution used as 
diluent 

Boshamer 

17% 

71% 

1-0% 

5.0% 

1496 MgSO, solution used 
as diluent 

Boshamer 

18% 

72.5% 

1.5% 

5.0% 

Degkwitz ’s solution used 
aa diluent 

Degkwitz 

“* 

04.1% 

5.6% 

- 

Sodium metaphosphate 
used as diluent 

Author 

1S.S% 

72.2% 

0.0 % 


Average results obtained 
on IS normal persons. 
Ono per cent sod. meta- 
pliosphate used as 
diluent 


Most platelets, apparently, are medium sized with an average diameter of 
2.5 microns. Why is it, then, that when Tyrode’s solution is used, a large per- 
centage of the platelets are of the smaller variety, or Group I ? The explanation 
is given by a number of investigators (Preiss, 48 Jepsen, 103 Lampert, 105 Hart- 
mann 107 ) who observed that in Tyrode’s solution after a relatively short time, 
twenty to thirty minutes, the smaller platelets increase in number as the larger 
platelets diminish. Evidently the increase in the number of the smaller platelets 
is due to the disintegration of the larger forms. Preiss 48 proved tliis conclusively 
in his experiments by injecting hirudin into rabbits before drawing blood for 
platelet counting, in order to prevent extravascular disintegration of the thrombo- 
cytes. Although Tyrode’s solution, which is a poor preservative for platelets, 
was employed as the diluting fluid, yet the number of small platelets, even at 
the end of one hour, remained approximately the same. Preiss, 48 Jepsen,' 103 
Behr, 104 Lampert 103 and Baedorf 122 who used Tyrode’s solution as diluent, be- 
lieving the diminutive platelets to l-epresent disintegration products, excluded 
them from their counts. 

The Flossner-Hofmann modified indirect method for platelet counting evi- 
dently involves errors due to the use of the counting chamber and to the em- 
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plasma which will yield consistent counts. In fact, following the introduction 
of the pipette into the plasma, the sudden streaming of the very light plate- 
lets from the lower levels of the plasma where they have become more numerous, 
to the upper levels null at times give higher counts in the upper layers even 
after the blood has been standing for several hours. By employing Reimann’s 132 
modification of Thomsen’s technic and using a 1 per cent solution of sodium 
metaphosphate as diluent, I carefully removed with a pipette at hourly intervals 
a small quantity of plasma from the very surface of the plasma layer, taking 
great eare not to produce any currents in the fluid. At the end of two hours 
the uppermost level of the plasma column contained 474,000 platelets per e.mm. 
of plasma; at the end of three hours there were 360,000 platelets per e.mm. in 
the same plasma level, and at the end of four hours there were 344,000 platelets 
per e.mm. Moreover, at the end of four hours there were 265,000 platelets per 
e.mm. iu the center of the column of sedimented red cells. Apparently the 
platelets do not remain uniformly suspended in the plasma for several hours, as 
is assumed by those employing Thomsen’s method, but are gradually gravitating 
to the lower levels of the column of plasma, the rate of sedimentation of the 
thrombocytes depending, according to Jurgens,'- on their number, size, and the 
composition of the plasma. This has also been observed by Baunack 135 who 
showed that after one to two hours the concentration of the platelets in the 
lower layers of the plasma column may he from 40 to 50 per cent greater than 
their concentration in the upper levels. Moreover, even at the end of several 
hours there are still a good many platelets among the red cells. 

According to Petri, 133, 131 Thomsen’s macromethod involves an error of 
10.4 per cent with undiluted plasma and an error of 21.9 per cent with diluted 
plasma. Thomsen’s mieromethod involves an error of 20.3 per cent according 
to Petri 136 - 137 and an error of 8 to 10 per cent according to Als. l3S Petri’s im- 
proved “centrifuge” modification 133 ’ 134 of Thomsen’s method has a minimum 
error of 7.1 per cent with venous blood and a minimum error of 9.4 per cent 
with capillary blood. Thomsen 45 found that after centrifuging the blood for ten 
minutes at 2,000 revolutions per minute there was still 5 per cent plasma among 
the red cells, and Gram 130 found that after centrifuging the blood for fifteen 
minutes at 3,000 revolutions per minute there still remained 5 to 10 per cent 
of plasma among the red cells. 

If to the above numerous sources of error are added those inherent in any 
direct method for platelet counting, then Thomsen’s method and its modification's 
become entirely untrustworthy. 

SUMMARY 

The most accurate procedures for counting the blood platelets are the true 
indirect methods. The true indirect method described here is, I believe, ac- 
curate and dependable, maximum care having been exercised in carrying out the 
various technical steps involved. It adheres to the leading principles that must 
be taken into consideration in counting platelets: (1) avoidance of contact 
between undiluted blood and skin, external air, glassware or metal, (2) mixing 
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Calhoun’s solution which is a poor preserving fluid for both erythrocytes and 
platelets. “Arnold bodies,” resulting from the disintegration of red cells, are 
readily formed in this fluid as is obvious from Kemp ’s 121 description of platelets 
containing hemoglobin. The platelets also disintegrate rapidly as is apparent 
from Zeller’s 33 description of the platelets as varying in size from the diameter 
of a red cell to a point. This method is not reliable. 

Kristenson’s Method: The method of Kristenson 10 involves the use of a 
specially constructed syringe for obtaining venous blood and the subsequent use 
of the counting chamber. In 1D2S he modified his method 125 by using capillary 
blood and a special graduated pipette. His method was adopted by Hartmann, 102 
Baquero Gil, 120 and Lucia and Rickard. 127 Kristenson obtained normal values of 
300,000 platelets per c.mm. with his first method, and from 326,000 to 424,000 
platelets per c.mm. with his second method. Neither method is trustworthy for 
obvious reasons. The first is essentially a modified indirect method, the second 
a direct method. Moreover, the diluting fluid which consists of urea, sodium 
citrate, corrosive sublimate and cresyl violet is hypertonic and dissolves the 
erythrocytes (Kristenson/ 0 Lucia and Rickard 127 ). 

Thomsen’s Method: Thomsen’s 15 method is based on the original observa- 
tion of Biirker 123 that platelets remain suspended for a long time in undiluted 
plasma. Blood is obtained by venipuncture into a syringe containing a small 
amount of sodium citrate and allowed to stand until the red cells have settled. 
A small quantity of the supernatant plasma is then drawn into a white cell 
pipette, diluted' with some suitable diluent and a platelet count done in the 
ordinary hemacytometer. By determining the volume of packed red cells the 
absolute number of platelets per cubic millimeter of blood can be obtained. 
Thomsen modified his procedure in 1923 by introducing his inicromethod. 120 * 130 ’ 131 
The results obtained by various investigators using this method, or modifications 
of it, are given in Table IX. 

Table IS 


Average Number op Blood Platelets Per Cubic Millimeter as Determined bt 
Various Authors Using Thomsen's Method 

averaoe number 

OP PLATELETS 

PER c.mm. 

AUTHOR 

AVERAGE NUMBER 

OP PLATELETS 

PER C.MM. 

AUTHOR 

200.000 - 500,000 

230.000 

250.000 - 300,000 

270.000 

320.000 

Gram* 55 

Schenk and Spitz* 5 * 
Thomsen-* 5 

Spitz* 55 

Nygaard* 5 ** 

348.000 

350.000 

352.000 - 531,000 

650.000 

Petri* 55 . * 5 * 
Jteimann* 55 
Windfeld 50 ' 00 
Jurgens*- ■ 


Those employing this method assume that the platelets remain uniformly 
suspended in the plasma even for as long as six hours. If the number of plate- 
lets per cubic millimeter is determined in various levels of the plasma at dif- 
ferent intervals the results obtained will usually be fairly uniform. This is due 
to the fact that when a pipette is introduced into the plasma column for the 
purpose of drawing some of it off for a platelet count, currents are unavoidably 
produced in the fluid, mixing the lower and upper layers of the column of 
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of freshly drawn blood as quickly as possible with the preserving lluid, and 
(3) avoidance of all unnecessary manipulations of the blood. It is simple to 
carry out and can be easily adapted for routine clinical use. 
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and into the current of air steadily maintained by an air blower cannot be 
favored during both phases of respiration. In fact, the greater the assistance 
during one phase, the greater will be the hindrance during the other. For 
physiologic reasons, interference with inspiration however slight is always objec- 
tionable and readily becomes distressing. .On the other hand, resistance to 
expiration, if slight, is readily and totally ignored by the subject. 

In a well-conditioned Benedict-Roth apparatus, with unobstructed connec- 
tions and properly eared for soda lime, there is no appreciable resistance to air 
flow induced in the entire circuit by the aet of breathing only. The best that 
can be done is to favor inspiration only to such a slight degree as to impose a 
correspondingly negligible resistance during expiration. In the writer’s opinion, 
there u no letter way, to insure ease and comfort in breathing, than by simply 
having the spirometer bell slightly overbalanced, thus favonng inspiration. 

Extensive observations (1920) on oxygen consumption, pulse and respira- 
tion rates, with valves in comparison with the eleetric air impeller 4 proved that 
the latter was no longer necessary because of the elimination from the circuit 
of all but one absorber and much tubing, thus reducing air resistance to a mini- 
mum. (Incidentally, the resistance offered to the passage of the expired air 
through an ordinary charge of well-sifted soda lime, 4 to 8 mesh, is about the 
same as when passing through one foot of three-quarter-inch tubing. It is, in 
fact, negligible.)* 

Recent substantial improvements, in compactness chiefly, insure still greater 
ease in breathing without the necessity of any troublesome mechanical con- 
trivance of any kind. 

Professor August Krogh, Copenhagen, 6 and the writer 4 published simul- 
taneously (1922) but unknown to each other, their views in which both advocate 
the use of valves in the place of an electric blower. 

On the other hand, a motor-blower of adequate efficiency is necessary when 
the apparatus is modified for allowing the use of a helmet as advocated by 
Benedict 7 or of such accessories as may impede the free circulation of air and 
impose any but negligible respiratory effort upon the subject. 

The use of valves in the “Tissot” gasometer method has never been criti- 
cized. In fact, there is here no alternative, 100 per cent efficient valves are 
absolutely indispensable. The work imposed upon the subject in moving a well- 
compensated relatively heavy, 50 to 100 liter gasometer bell, has proved to be 
no appreciable impediment to breathing. There cannot, therefore, be any valid 
argument against the extremely negligible corresponding task in displacing the 
much smaller and lighter bell used in the “Benedict type” of apparatus. 0 

In the twenty-two years during which in our service metabolism testing has 
been extensively carried on by means of every type of apparatus above referred 
to, our experience has been that a minimum of complaints is elicited when the 
quiet, valve apparatus is used. 

Whether the valve or a motor-blower is used and no matter how carefully 
ffiejest may be conducted patients will be encountered who dislike the ordeal 


_i * Measurements made with a manometer Inserted through the wall of thp mntifv* 

piece of a properly conditioned valve apparatus showed a mU^ 
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VALVES VERSUS THE MOTOR-BLOWER* 


In the Benedict Type op Metabolism Apparatus Now in Common Use 


Paul Roth, M.D., Battle Creek, Mich. 


T HE first metabolism apparatus of the Benedict type, the Universal, 1 was 
necessarily motor operated because of its very complex air circuit. It in- 
cluded four moisture and carbon dioxide absorption chambers besides many feet 
of tubing through which the air was forced by means of a Crowell rotary air 
pump. 

The next Benedict type, the “portable”- or “Benedict-Collins, ” 3 was con- 
siderably simplified and was adequately ventilated by means of a small electric 
air blower. 

I presented in 1922‘ a modification, the “Benedict-Roth,” in which the very 
simple “Sadd” valve was installed and the air blower discarded. The elimina- 
tion of the latter was greeted with general favor and valves were soon uni- 
versally adopted in all makes of the Benedict type of apparatus, including the 
.“Benedict student form.” 5 

All the electric air blowers installed in metabolism apparatus have the 
double action of a centrifugal pump : compression at the outlet and suction at 
the inlet. Depending on the location of the blower, the mouthpiece may be 
either in a zone of compression (a) or of suction (b). If in zone (a), inspira- 
tion will be assisted and expiration hindered, while in zone (b), inspiration 
will be hindered and expiration assisted. It is evident that breathing from 

•Received for publication, May 21, 1331. 
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6. The positive, or negative, pressure maintained by the air blower through- 
out the entire circuit invites leaks, especially in the region of the mouth and the 
nose. 

7. With the type of metabolism apparatus as now in common use, the electric 
impeller is unnecessary and sometimes a troublesome impediment. 

8. The possibility of asphyxia which may he insidiously induced by the re- 
breathing of carbon dioxide freed air is not to be ignored, especially in the use 
of all motor operated metabolism, oxygen therapy, and artificial respiration ap- 
paratus. 

REFERENCES 

1. Benedict, E. G.: Am. .J. Physiol. 24: 315, 1909 also Deutsche Arch. £. klin. Med. 107: 

156, 1912. 

2. Benedict, E. G.: Boston M. & S. J. 178: 667, 1918. 

3. Benedict, E. G.: Boston M. & S. J. 183: 449, 1920. 

4. Both, Paul: Boston M. & S. J. 186: 457, 491, 1922. Reprinted with Appendix: Bull. 

Battle Creek San. and Hosp. Clin. 18: 98, 131, 1922. 

5. Benedict, F. G.: Boston M. & S. J. 188: 567, 1923. 

6. ICrogh, A.: Respiratory Apparatus for Clinical Determination of Energy Exchange in 

Man, Wien. klin. Wchnsehr. 35: 290, 1922. Published later in English in Boston 
M. & 8. J. 189: 313, 1923. 

7. Benedict, E. G.: A Helmet for Use in Clinical Studies of Gaseous Metabolism New 

England J. M. 203: 150, 1930. 1 

8. Roth, Paul: Oxygen Therapy, Current Researches in Anesthesia and Analgesia 8: 47, 

1929. Reprinted with Addenda in the Bull. Battle Creek Sanitarium & Hosp. Clinic 

94- ISO 1090 ^ 


438 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


and may complain of difficult breathing or of something else. Tact and good 
technic will almost invariably take care of such subjects. 

The use of the motor-blower rather tends to encourage neglect in the proper 
care of the apparatus and promotes in the mind of the operator a false sense 
of sectirity even in the presence of more or less serious ventilation obstructions. 
In fact, too fine, too much, or impacted soda lime; too much resistance due to 
too long tubings; kinks or obstructions by accumulation of moisture; an im- 
properly balanced spirometer bell, etc., may all be responsible for a partial or 
even a complete obstruction somewhere in the ventilation circuit. All this may 
take place during the test without any immediate apparent sign of trouble, while 
the motor is humming along as usual, while the spirometer bell is rising and fall- 
ing without interference and while air continues to he available through the 
mouthpiece. In the absence of the valves, the air in the entire circuit can move 
in either direction and air will still he available through the mouthpiece in the 
presence of even a complete obstruction in the circuit. Under such conditions, 
more or less rebreathing of the expired air occurs and may he temporarily toler- 
ated by the subject. The results of the test, however, should be questioned, chiefly 
on account of a possible deficiency in the oxygen supply. 

There is an element of danger especially connected with the use of all air 
blower equipped metabolism and other respiration apparatus of the Closed 
Circuit type, including the various makes of oxygen therapy tents and artificial 
respirators. 8 I have previously called attention to the not altogether remote 
danger of acute anoxemia which is readily and insidiously induced by the re- 
breathing of air which is more or less completely freed from exhaled carbon 
dioxide. On account of the absence of an increased C0 2 concentration in the 
inspired air the body fails to make, for the time being, any diseernable protest 
against an insidious and quite symptomless deficiency of oxygen until a more or 
less damaging degree of anoxemia or asphyxiation has been induced. Such an 
accident is practically impossible with a “valve” metabolism apparatus when 
the spirometer bell has been properly filled with oxygen before the test. 

SUMMARY 

The conclusions drawn twelve years ago can now be reiterated with greater 
emphasis : 

1. The Benedict-Roth metabolism apparatus lends itself admirably to the 
adaptation of valves and the discard of an air blower. 

2. The use of the apparatus is made available independently of any source 
of electrical energy. 

3. The use of valves, together with a properly balanced spirometer bell, 
promotes easy and normal breathing and insures basal results. 

4. The apparatus is absolutely noiseless and free from the possible trans- 
mission of disturbing impulses or “hums.” 

5. The valves seldom require attention. They will never have a tendency 
to stick if properly mounted and so adjusted that their “lips” just barely come 
together. 
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Hemolytic streptococci were found more frequently associated with infection of the 
upper respiratory tract in rheumatic persons who had not had their tonsils removed than in 
those on whom tonsillectomy had been performed. 

Green-producing streptococci were present in all the cases and in 99 per cent of the 
cultures. They predominated in 69 per cent of the cases and in 73 per cent of the cultures. 

Indifferent streptococci were present in 36 per cent of the eases and in 88 per cent 
of the cultures. They predominated in 3 per cent of the cultures. 

In the groups studied, exacerbations of acute rheumatic fever occurred as frequently 
when there was no infection of the throat as when there was. 

The fact that the majority of those in whom exacerbations of rheumatic fever occurred 
were persons who had hemolytic streptococci in their throats suggests a possible relationship 
between this organism and the reappearance of the symptoms. 

TETANUS, Acute, Study of the Treatment of, Taylor, P. W. J. A. M. A. 102: 895. 1934. 

1. Local Lesion : Since the local wound causes the disease and continues it, prime con- 
sideration should be given to that focus. Whenever possible, immediate complete excision of 
the wound is recommended. When this is not possible, complete ex-posure and search for 
foreign bodies should be done under general anesthesia. The foreign body is a potent factor 
aiding bacterial growth and continuing the elaboration of toxin. It should not he over- 
looked. In active tetanus cases it must be considered that the local wound contains a 
foreign body until proved otherwise. This is particularly true of ‘ 1 blank ’ ’ cartridge wounds. 
The loeal wound of tetanus is an acute surgical emergency and should be treated as such, 
even though the patient is later admitted to the medical wards. 

2. Sedatives and General Care: Patients with tetanus die from “their symptoms and 
not from the disease itself.’' It therefore follows that if these symptoms can be controlled 
adequately the patient’s dance of recovery is much greater. Tribromethanol or sodium 
amytal is recommended to induce light narcosis. The suggestion is also made that these 
drugs be given at regular intervals so as to keep the patient quiet and relaxed. This would 
seem wiser than to use them only when the patient becomes rigid and is on the verge of a 
convulsion. Equally important in conserving the patient’s strength with sedatives is adequate 
supportive care. Particular attention must be given so tiiat fluid intake is maintained at a 
high level and proper elimination is effected. 

3. Tetanus Antitoxic Sermn: The high reputation that this product enjoys is due 
entirely to its prophylactic use. Here it is a specific in preventing the disease or at least 
in lengthening the incubation period. In active tetanus it is in no sense a specific, and its 
value is questioned by many. As the antitoxin is unable to withdraw toxin already combined 
with nervous tissue, its sole action is to neutralize uncombined toxin in the body. Here it 
may have considerable value and, until definite proof to the contrary, its use may well be 
continued. It seems unnecessary to administer the huge quantities used at present. It is 
recommended that from 30,000 to 00,000 units be given when the patient is first seen. This 
might ho repeated if the case runs a long, protracted course. The intramuscular route of 
injection is perhaps the most satisfactory. 

The conclusion of two workers in tins field nearly forty years ago is as pertinent today 
as it was then: “An ounce of clean surgery is worth several pounds of serum therapy.” 

SYPHILIS AND PREGNANCY, Me Kelvey, J, L„ and Turner, T B JAM l 1 02- 

503, 1034. ‘ ‘ • ' ’ J 

The Wassermann test on the blood of the umbilical cord and study of the placental 
histology are important aids in the diagnosis of congenital syphilis and should be carried 
out on all patients not proved during pregnancy to be free from syphilis. Of the two the 
former is the more reliable. ’ 
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CHOLESTEROL, Relation of Plasma to Obesity and to Some of tho Complicating Degen- 
erative Diseases, Bmger, M., and Poindexter, C. A. Arch. Int. Med. 53: IL'.'i, 1931. 

The plasma cholesterol in lifly-three obese subjects, in whom evidence of metabolic, 
arthritic or endocrine disturbances was lacking, was usually within normal limits. 

The advent of diabetes mcllitus, essential hypertension or arteriosclerosis in eighteen 
obese persons was associated in many instances with an augmented cholesterol content of the 
plasma. Pour of seven overweight subjects who demonstrated a diminished tolerance to in- 
gested carbohydrate as determined by the dextrose tolerance test, even though signs and symp- 
toms of diabetes mellitus were lacking, showed an increased plasma cholesterol. 

In four obese persons with infectious (rheumatoid or gonococcal) arthritis, the plasma 
cholesterol .was usually within the normal limits; in seven cases with degenerative hypertrophic 
arthritis or osteoarthritis, the cholesterol was often significantly elevated. 

From these observations it is concluded that: 

A high caloric diet, presumably high in carbohydrates and fats, which results in obesity 
is not accompanied by a rise of the plasma cholesterol in human beings. 

The development of degenerative diseases (hypertension, diabetes, arthritis and arterio- 
sclerosis) in the obese is as a rule followed, and not preceded, by hypercholesteremia. There- 
fore, the elevated concentration of tho cholesterol in tho blood in these degenerative condi- 
tions is usually to bo regarded as a complication and not in the light of an etiologic factor. 

RHEUMATIC FEVER, Bacteriologic Study of Throats in Rheumatic and Non-Rheumatic 

Fever, Weinstein, I., and Styron, N. C. Arch. Int. .Med. 53: 153, 193-1. 

The present investigation includes 331 eases and S-10 cultures from Alontefiore and 
Bellevue Hospitals, New York City. Forty-six per cent of the subjects were patients with 
rheumatic fever. Fifty-eight per cent of the cultures were taken from this group. The 
remainder were taken from normal persons and from patients suffering from diseases other 
than rheumatic fever; these constituted the control group. In more than one-third of the 
cases of rheumatic fever and in more than one-half of the cultures taken from this group the 
patients were under fifteen years of age. 

In making cultures of hemolytic streptococci, it seems that rabbit blood is slightly 
better than horse blood. However, if appropriate dilutions are made, equally good results 
can be obtained with horse blood. 

The percentage of cultures which were positive for the hemolytic streptococcus taken 
from the throats of patients with rheumatic fever was approximately the same as that found 
in other persons. 

In these positive cultures, the hemolytic streptococcus appeared to be no more abundant 
in those from patients with rheumatic fever than in those from other persons. 

Throat cultures of patients with rheumatic fever taken during an infection of the upper 
respiratory tract showed no greater incidence of hemolytic streptococci than those from 
other persons who were suffering from a cold or from sore throat. 

Infections of the upper respiratory tract were found associated with Streptococcus 
hemolyticus more frequently in young persons who were suffering from rheumatic fever 
than in older patients with this disease. 
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The total cell counts in 20 children with encephalitis (13 recoveries and 7 deaths) 
varied from 1 to 110, with an average of 23 cells per cubic millimeter. 

In tuberculous meningitis (34 adults and 98 children) the average total cell counts were 
higher than those for encephalitis in both adults and children. 

The average polynuclears and lymphocytes were practically the same in both diseases, 
but there was always a marked preponderance of lymphocytes over polynuclears. 

No definite relation was found between the total cell count in and the severity of 
encephalitis, even during the different periods of the disease. 

As all the tuberculous meningitis cases in our series died, the relation mentioned in 
the preceding statement could not be determined. 

Normal cell counts were found in cases of encephalitis and tuberculous meningitis, and 
the probable explanations are given. 

In a few cases of encephalitis and tuberculous meningitis, especially at the beginning, 
predominance of polynuclears was observed, which may cause it to be confused with suppura- 
tive meningitis; but confusion can be definitely eliminated by further examination of the 
spinal fluid at different periods. 

Finally, in the author’s opinion, one cannot rely alone on the cellular counts in the 
spinal fluid in differentiating between encephalitis and tuberculous meningitis; therefore, 
we must look for other reliable and quick methods, either in the clinics or in the laboratory. 

KALA-AZAR, New Diagnostic Test for, Nattan-Larrier, L., and Grimard-Richard, L. C. E. 
Soc. Biol. 113; 1489, 1934. 

The authors describe a new serological test for leishmania infections based on the fact 
that alexine is adsorbed by a mixture of the serum from a case of leishmania infection and 
the serum of a rabbit which has been immunized with cultures of Leishmania donovmi. The 
rabbit serum is prepared by injecting a rabbit intravenously with a culture every six days 
until 6 injections have been given. The blood is abstracted 15 days after the last injection, 
defibrinated and centrifuged, the resulting serum being placed in ampules which are kept in 
the ice chest. The test is carried out in two ways. In the first 0.1 c.c. of alexine, 0.1 c.c. 
of the suspected inactivated leishmania serum, decreasing quantities (one-tenth to one hundred 
millionth of 1 c.c.) of the rabbit serum (inactivated if fresh) and 0.2 c.c. of physiological 
saline solution are mixed in tubes and kept at a temperature of 37° C. for one and one-half 
hours. To each tube are then added 0.1 c.c. of antisheep serum and 0.1 c.c. of 5 per cent 
suspension of sheep corpuscles. The tubes are then kept at 37° C. for one-half hour. If the 
suspected serum was actually from a case of leishmania infection hemolysis does 'not occur 
owing to fixation of the alexine. In the second way of making the test the suspected serum 
is present in decreasing quantities, the other ingredients being uniform. 

Tho two methods give good results but the second is preferable if small quantities only 
of suspected serum are available. Positive results have been obtained with one human and 
six canine cases of kala-azar and with mice suffering from Leishmania tropica infection of 
the tail. 

TYPHOID BACILLUS, A Study of “Smooth” and “Bough” Dorms of, In Kelation to 
Prophylactic Vaccination and Immunity in Typhoid Pever, Maltaner, P. J Immunol 
26: 161, 1934. 

Methods of dissociation were applied to a group of strains of the typhoid bacillus, in- 
cluding recently isolated cultures from “carriers” and several well-known laboratory strains. 

Typical smooth and rough variants were obtained from both flagellated and non- 
flagellated forms. Capsules were demonstrated on all forms; rough, smooth, flagellated, and 
nonflagellatcd. 

No serologic relationship was observed in agglutination and agglutinin-absorption ex- 
periments between the somatic antigens of smooth and rough races of 15. typhosus although 
tho existence of a common flagellar antigen was confirmed. 
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Tbo presence of characteristic changes in the epiphyses of the long bones during the 
first two weeks of life is diagnostic of congenital syphilis, but the absence of epiphyseal ab- 
normalities docs not rulo out congenital infection. 

Antenatal treatment of pregnant syphilitic patients with arsphenamine reduces tho 
percentage of fetal deaths and tho percentago of syphilitic infants in a striking manner. 
Tho good results aro roughly proportional to the amount of treatment given and the time at 
which it is started; oven a few treatments in tho last weeks of pregnancy, however, will 
materially alter the outcome. 

IMPETIGO CONTAGIOSA, Prophylaxis of, Guy, W. H., and Jacob, F. M. J. A. M. A. 

102: 8-10, 1931. 

The following method, used since 1930, has been found efficacious. 

J. Deliver y Boom . — 

1. As soon as possible after birth, babies are cleansed thoroughly with sterile liquid 
petrolatum. 

2. Each baby is thoroughly rubbed from the top of the head to tho soles of the feet 
with 2 per cent ointment of ammoniated mercury before it leaves tho delivery room. 

B. Nursery . — 

1. Daily cleansing is accomplished with sterile cottonseed oil. 

2. The buttocks and anus are cleansed with cotton balls and cottonseed oil. 

3. Soap and water and powder are not used. 

HYPOCALCEMIA AND MIGRAINE, Norman, G. F. J. A. M. A. 102: 529, 1934. 

A number of cases of typical so-called idiopathic migraine have been studied with respect 
to blood calcium values, which have been found to be uniformly somewhat depressed. Six 
cases have been chosen at random, ranging from relatively mild to very severe, tho last being 
associated with epileptiform convulsions. This entire group has been benefited by means 
taken to raise tho values of calcium to normal. 

It is assumed that symptoms of migraine and tetany are maintained dormant in this 
group by the calcium regulating mechanism. 

One or the other complex may predominate. Whether unilateral headache and nausea 
with or without vomiting should bo included in the picture recognized as tetany' remains for 
further study. 

MERCURY POISONING, An Antidote for, Rosenthal, S. J. A. M. A. 102: 1273, 1934. 

Sodium formaldehyde sulphoxylato saved nine of twelve dogs from a fatal oral doso 
of corrosive mercuric chloride, when administered by' mouth and intravenously within an 
hour and a half after the poison had been taken. The nine surviving animals wero protected 
against kidney damage, as shown by the lack of elevation of the blood nonprotein nitrogen. 
In tho dogs that succumbed following this therapy' or following intravenous therapy only, 
no significant renal lesions were demonstrable histologically. 

The sulphoxylate was used in ten human cases of acute poisoning from corrosive mercuric 
chloride, and recovery occurred without appreciable kidney damage. 

SPINAL FLUXD, Cell Counts in Epidemic Encephalitis and Tuberculous Meningitis, Guer- 
rero, L., and Ignacio, P. J. Philippine Islands M. A. 14: SI, 1934. 

The total cellular count of the spinal fluids in adult encephalitis cases, numbering 49 
(44 recoveries and 5 deaths) varied from 1 to 3,067 with an average of 139. As it is 
unusual to find epidemic encephalitis with total cell counts amounting to several hundred 
or thousand cells per cubic millimeter, it is possible that these cases might have been cases 
of so-called lymphocytic meningitis, the exact cause of which is not very well known. 



ABSTRACTS 


445 


Of the 14 patients who failed to demonstrate a negative reaction to the Schick test after 
vaccination, 13 were immunized during the first half year of life. Of the 11 immunized 
infants whose reactions reverted to positive, 10 were immunized when under six months of 


' ' In a small group of infants in whom the duration of immunity could be tested, it was 
noted that the immunity seemed more lasting in the infants who demonstrated immunity to the 

Schick test most rapidly. _ . . 

There is a definite relationship between the antigenic power of the immunizing agent 

used and the results of vaccination. 

Immunization should never be considered complete without a follow-up Schiek test. 


ANTIGEN, Method of Diluting, in Relation to Wassermann Reaction, Kolmer, J. A., and 

Richter, C. E. Am. J. Clin. Path. 4: 301, 1934. 

The manner or method of diluting extract for the Wassermann test has a slight but 
definite influence upon antigenic sensitiveness. 

Turbid emulsions of antigens secured by slow or gradual dilution with saline solution 
are more antigenic than opalescent emulsions prepared by rapid dilution. 

Turbid emulsions of antigens prepared by adding extract drop by drop to saline solution, 
w ith constant shaking, are more antigenic than turbid emulsions prepared by adding small 
amounts of saline solution to antigen with constant shaking. 

There is no detectable influence in the manner of diluting Kolmer antigen upon the 
hemolytic properties of this extract. 

Turbid emulsions of antigens prepared by slow dilution are sometimes slightly more anti- 
complementary than opalescent emulsions prepared by rapid dilution. 

In the Kolmer modification of the Wassermann test, it is recommended that the antigen 
be diluted by adding it drop by drop to the required amount of saline solution with constant 
shaking to secure the maximum of turbidity as originally described in this method. 

“CARRIERS,” Practical Limitations in the Attempt to Control Enteric Disease by the 

Examination of Specimens Collected Without Regard to Clinical History or Epidemi- 
ological Evidence, Gilbert, R., and Coleman, M, B. Am. J. Pub. Health 24: 1, 1934. 

A false sense of security may result from the examination of a specimen or two sub- 
mitted from each food handler, since every carrier of B. typhosus would not be discovered by 
this procedure. Even when a number of plates are used in the study, and a most careful 
search is made, B. typhosus may be found in only a relatively small percentage of the fecal 
specimens obtained from some typhoid carriers. 

The study of environmental factors, careful history-taking, and the submission of a 
series of specimens of feces and urine, or preferably a specimen of duodenal contents from 
food handlers who have had enteric disease, colitis, cholecystitis, etc., or whose immediate 
associates have had typhoid or paratyphoid fever, would probably result in the detection of 
most carriers of typhoid or paratyphoid bacilli among them. Of course, there are exceptions. 
When cases of enteric disease have occurred among patrons of a restaurant or on a milk 
route, series of specimens from all the food handlers concerned should be examined if the 
carrier is not found among those with suggestive histories. 

Despite the fact that unrecognized cases occur, probably one of the best means of 
approaching the problem is by studying specimens from patients who are convalescing from 
typhoid fever or allied infections, in order to detect the ones who will become carriers. Since 
the submission of specimens from persons who have recovered from typhoid fever has been 
required by the New York State Sanitary Code, no cases of the disease, as far as the authors 
aro aware, have been traced to an. individual who has been released after fulfillment of the 
requirements. 

In order to avoid the fruitless expenditure of time and materials in the examination of 
largo numbers of specimens that have been collected without discrimination from various 
groups of individuals, tho relativo futility and excessive cost of such work should be ex- 
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Living suspensions of all flagellated and of some nonflagellated rough forms failed to 
be agglutinated by pure rough somatic antiserum. They did agglutinate, however, when the 
suspensions were heated to a temperature which destroys flagella and probably also capsules. 

By intravenous inoculation of rabbits with suspensions of living rough and smooth 
variants, the relative invasive and toxic character of these forms was determined. No differ- 
ences in toxicity were observed by this method. Only the smooth variants, however, were 
found to possess invasive properties as determined by development of the carrier state. 

Vaccination of rabbits by the intravenous method with adequate dosage of either rough 
or smooth variants gave protection against approximately fourteen times the minimal invasive 
dose of smooth living bacilli. The rough vaccines protected distinctly better than the smooth. 
The sera of rabbits vaccinated with nonflagellated rough vaccines did not possess specific 
agglutinins for the smooth infecting strain. Those vaccinated with rough flagellated forms 
possessed only flagellar agglutinins. 

The inoculation of normal rabbits intravenously with rough variants of the typhoid 
bacillus resulted in a more marked and persistent leucocytosis than when smooth bacilli were 
used. Immunized rabbits, regardless of whether rough or smooth vaccines had been used, 
responded after the usual primary leucopenia with a hyperleucocytosis upon intravenous in- 
jection of smooth living cultures, whereas the response of uuvacciuated rabbits to the injection 
of virulent smooth bacilli was relatively slight. 

The intraperitoneal inoculation of living rough and smooth typhoid bacilli into guinea 
pigs indicated that the smooth variant was more toxic than the rough. However, the inocu- 
lated smooth bacilli multiplied very rapidly in the peritoneum whereas similar doses of the 
rough variant wero disposed of by prompt phagocytosis. 

The rough variant, as indicated, is phagocyted more vigorously than the smooth in the 
peritoneal cavity of the guinea pig — both within the peritoneal exudate and on and witliin 
the omentum and liver. This phagocytic response to rough organisms iu normal guinea 
pigs parallels the reaction obtained when smooth bacilli are inoculated into tho peritoneal 
cavity of guinea pigs immunized with either rough or smooth vaccines. 

The results of this experimental investigation are, iu every particular, in conformity with 
the practical experience of the past thirty years iu preventive inoculation of human subjects 
against typhoid fever. 

DYSENTERY BACILLI, Classification of, Shiga, K. Zentralbl. Bakt. 130: 1, 1931. 

Shiga proposes that the dysentery bacilli bo divided into the following groups: (1) 
dysentery, (2) metadysentcry, and (3) paradysentery. 

The differentiation is shown in the table: 


ACCORDING TO 
LENTZ 
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shiga-kruse 

o 

SCHMITZ 

3 

FLEXNER GROUP 

4 

KRUSE-SONNE 

BACILLUS 

BACILLUS 

FLEXNER 
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S THONG 

BACILLUS 

Litmus mannite 

blue 

blue 

red 

red 

red 

red 

Indole 


+ 

+ 

± 

± 

+ 

Milk 

Litmus lactose 


HflRRfnnS 

no coagulation 
blue 

coagulation 

red 

Special toxin 

■ 


I - 

! - 

1 “ 

- 

According to 
Shiga 

(1) B. dysen- 
teriae 

(2) Bacillus metadysenteriae 

(3) B. para- 
dysenteriae 


DIPHTHERIA TOXOID, Immunity Produced by, Greengard, J. Am. J. Dis. Child. 17: 799, 
1934. 

In a series of 214 susceptible infants ranging from newborn to two years of age, 93.4 
per cent showed a negative reaction to the Schick test after two injections of 1 c.c. of 
commercial diphtheria toxoid. 

Of 63 immunized infants retested at intervals after the first negative reaction to the 
Schick test, 11 or 17.2 per cent reverted to a positive reaction. 
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EDITORIAL 


The Problem of Peptic Ulcer 

I N LAST analysis, the etiology of peptic ulcer still remains an unsolved prob- 
lem. It seems probable that of the many etiologie factors that have been 
suggested in the past, several or all may play a part at times, but no one ex- 
planation or group of explanations so far proposed seems to present a com- 
plete solution in all eases. Metastasis from foci of infection, corrosive action 
of hydrochloric acid, enteric excretion of toxic substances, trauma, and excess 
heat may be factors of importance in individual cases but there is also evi- 
dence of a fundamental predisposition, in the absence of which these factors 
remain inactive. 

The problem of trauma is indeed interesting. One of the difficulties of 
experimental investigations on the etiology of ulcer appears to be the great 
difficulty in producing chronic ulcer in animals. Traumatic ecchymoses may 
be produced in the stomach wall hematomas, and indeed these may become 
infected, resulting in acute ulceration. But such an experimentally produced 
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plained to members or county medical societies and lioalth officials. The same amount o£ 
money would yield vastly greater returns if expended in the pasteurization of products 
wherever possible, the improvement of sanitary facilities, the provision of training in personal 
hygiene, the removal from work and the treatment of food handlers who aro obviously ill, 
the careful study of epidemiological factors, and the examination of series of specimens from 
individuals whoso history or clinical manifestations warrant it. 

PSITTACOSIS, Pathology of, Poord, A. G. Am. J. Clin. Path. 4: -217, 1034. 

Tho principal finding in fatal human cases of psittacosis is a uniquo pneumonia, in- 
volving diffusely the greater part of all of one or more lobes, producing a wet, consolidated 
parenchyma which is smooth and nongranular on section. The pleura, bronchi, and bronchioles 
are relatively spared. Histologically tho consolidation is found to be due to an esudato 
consisting of fluid and varying amounts of fibrin, in tho meshes of which large numbers of 
large mononuclear cells are found. Proliferation of tho alveolar epithelium and histiocytes 
in the alveolar walls is a constant finding. 

Moderate splenic tumor and congestion and cloudy swelling of the parenchymatous 
viscera is the rule. 

Edema and congestion of the brain and leptomeninges is constant, ring-shaped hemor- 
rhages in tho cord and brain havo been found in some cases, but thorough neurologic study 
should bo made on all eases, since delirium and psychosis are clinically found in the majority 
of cases. 

Postmortem diagnosis should be confirmed by inoculating white mice with material from 
the lung, liver, and spleen. Auto mortem diagnosis is usually not possiblo before tho patient 
recovers or dies but can sometimes bo made by inoculation of a series of white mice intra- 
peritoneally with the patient’s blood, or better with tho sputum. 

ABTHEITIS, Chronic Nonspecific, Archer, B. H. J. A. M. A. 102: 1449, 1934. 

There appears to be a basis for the concept that both rheumatoid arthritis and osteo- 
arthritis aro due to tho same etiologic agent or group of agents and that the proliferative 
and degenerative pathologic changes by which tho two types manifest themselves are the 
result of other factors than those of causation. 

There seems to be no conclusivo evideuco of tho presence of streptococci in the blood and 
joints of patients with chronic arthritis. 

None of the vaccines employed at tho present time in the treatment of chronic arthritis 
have been accepted by the Council on Pharmacy and Chemistry. There is no evidence at 
hand that they exercise any specific effect on tho course of tho disease. 

Dietary regulations and vitamin therapy apparently exercise no specific effect on the 
joint manifestations of patients with this disease. 

In those cases associated with foci of infection it seems wise to seareh for and remove 
this factor early in the course of the disease. 

In advanced cases the measures tho author has found to be of greatest benefit to the 
patient are orthopedic procedures, physical therapy, the administration of drugs to allay 
pain, and a change of climate. 

Present knowledge of the subject does not seem to warrant the view that certain 
definite measures should be applied only to certain definite types of arthritis. There is no 
conclusive evidence that the same measures do not apply at some time to all forms of non- 
specific arthritis. 
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CORRESPONDENCE 


To the Editor: 

Dear Sir: The purpose of this communication is to call attention to the fact that we 
have been misquoted in the article by L. F. Herz (Journal op Laboratory and Clinical 
Medicine 20: 33, 193-1), in which he states on page 39, "Since this article was written Kraeke 
and Parker have reported several cases following the use of 'empirin,’ a mixture of phc- 
nacetine, aspirin and caffein. ” First, we did not report several cases following the use of this 
mixture, and second, empirin is not a mixture of phenacetine, aspirin, and caffein; but only 
a trade name for acetylsalieylic acid. Further comment relative to this article seems indicated. 

First, it is evident that the author has attempted to show that the leucocyte depressing 
effect of amidopyrine is duo to its pyrazalon attachment. We do not believe tlint he estab- 
lishes this. He further states, "I am prepared to show that amidopyrine should not be 
classed as a benzene ring derivative. 1 ’ We do not believe that he has demonstrated this. 
After close examination of the chemical reactions presented by tho author we note many 
errors; for example, McGuigan states that amidopyrine is a derivative of phenylhydrazine 
that comes ultimately from aniline and benzene and is stated by that author to be a benzene 
derivative. It is not prepared from pyrazalon. 

It is stated on page 36, that amidopyrine is more toxic than acetnnilid and phenacetine, 
not because of the pyrrol ring, but because of tho NH component of the ring. This NH or 
N is called, on page 37, an imido radical and to this fact is assigned its toxicity’. It must 
be pointed out that this structure is not an imido radical but an amine radical and occurs, 
not only in amidopyrine but also in acetanilid and phenacetine. An imido radical must be 
attached to two acyl groups, otherwise it is an amine as in the case of amidopyrine. 

On page 37, is shown by’ diagram, several drugs which, are said to have the NH or N 
group as an integral part of the ring. In this group are listed both anilin and phenyl 
hydrazine, neither of which has these groups in the ring. Instead they are merely' side 
chains attached to tho ring. 

On the same page it is stated that piperidine differs from pyridine only in tho sub- 
stitution of an NH radical for the N radical. This is in error since pyridine has a consti- 
tutional formula of C 5 H 3 N while piperidine has the formula 0 3 H,,N. 

It is also stated, page 37, that phenyl hydrazine contains the imido radical, which is in 
error as this NH is an amine. 

Since the author presents little evidence to show that amidopyrine is not a benzene 
ring derivative, it follows that some of his conclusions are unwarranted. Although there is 
much evidence to indicate that amidopyrine is a dangerous leukocyte depressing drug only 
in an occasional person; its dangerous character has not been so well established that it 
should be banned by the medical profession. Amidopyrine is a very valuable drug when 
properly used and in all probability it should continue to be used with caution just as we 
continue to use neoarsphenamine, although we reeognizo its ill effects in an occasional person. 

The author goes beyond the scope of his article in drawing conclusion number six when 
he states that acetanilid is the drug of choice when anodynes or antipy-retics are indicated. 
And still further unwarranted is the conclusion that it should be mixed with caffeine and 
potassium citrate, since there is no scientific evidence to show the desirability of using such 
a mixture in therapeutics. 

Boy b. Kracke, m.D., 
and 

Francis P. Parker, M.D. 

November 5, 1934, 

Emory University, Ga. 
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DIPHTHERIA IMMUNIZATION WITH A SINGLE INJECTION OF 
HIGHLY PURIFIED FORMOL-TOXOID AND AL(OH) 3 * 


Charles N. Leach, M.D., New York, N. Y., 
Claus Jensen, M.D., Copenhagen, Denmark, 
and Georg Pooh, M.D., Eisenstadt, Austria 


CORMOL-TOX () ID (anatoxin) introduced by Ramon as an agent of active 
immunization against diphtheria is rapidly replacing all other diphtheria 
prophylactics. In some countries mass immunization by the usual three-injec- 
tion method has been possible. In France over one million and in Hungary 
more than half a million children have been so immunized. The formol-toxoid 
has been employed without mishap, and experience hitherto obtained seems to 
indicate that from 90 to 95 per cent of persons receiving three injections are im- 
munized against diphtheria within six to seven weeks after the first injection. 
This naturally assumes that the toxoid is sufficiently high in antigenic value. 

The three-injection method has always been subject to more or less op- 
position on the part of the general public. This is brought out in some recent 
publications by the fact that the number of children receiving the second and 
third injection is considerably smaller than the number enumerated under the 
first injection. The most significant drop generally occurs after the second 
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injection, as this is most frequently followed by local or general reactions 
(Claus Jensen, 1931 1 ). The general effectiveness of the three-injection method 
is thus reduced, and the percentage of immunized in a mass campaign may be 
only 80 per cent or less. This fact should be borne in mind when drawing 
comparisons between the value of the three-injection method as opposed to 
others. 

It 'would therefore be of significance to produce, if possible, a diphtheria 
antigen of such marked immunizing power that, given in a single subcutane- 
ous injection, it would produce a suitable degree of immunity without causing 
undue local or general reactions. 

Using a method devised by Willstiitter for the purification of enzymes, 
S. Schmidt, A. Hansen, and K. A. Ivjaer (1931) of the Copenhagen State 
Serum Institute succeeded in producing purified, concentrated diphtheria 
formol-toxoids containing high amounts of antigen per cubic centimeter, 
which were innocuous when injected into guinea pigs in 5 c.e. amounts. Fur- 
thermore, in experiments with such preparations in horses and guinea pigs, 
an immunizing power was demonstrated equal to or even higher than that 
obtained with the corresponding crude toxoids (S. Schmidt, 1931). A single 
injection of these purified toxoids protected guinea pigs against ten lethal 
doses of diphtheria toxin given three weeks later. Consequently the above- 
mentioned authors suggested that such preparations might be used advantage- 
ously for immunization of human beings. 

The effects of these preparations, when injected into children, have been 
investigated by Claus Jensen (1931, 2 1933 1 ). He demonstrated that a single 
injection of these toxoids gave rise to a production of antitoxin which in some 
cases was rapid and considerable, without causing more pronounced reactions 
than the first injection of ordinary formol-toxoid. Further investigation (see 
Claus Jensen, 1933, 2 §10) showed, however, that the crude formol-toxoids 
varied considerably in immunizing power. These variations were also found 
after purification, but no alteration of the specific properties occurred during 
the purification process by the method mentioned above. In many instances 
these variations did not depend upon the flocculation value as measured by 
Ramon. While some preparations, in a single dose of 200 to 300 flocculation 
units, would give a satisfactory result (92 per cent Schick negative within 
twenty-eight days), others with a flocculation value as high as 1,000 units per 
c.c. would not produce a like effect. Until a satisfactory method can be de- 
veloped for determining these qualitative differences in the various prepara- 
tions, it is difficult to settle the question of dosage. 

Another important point is that the purified toxoids are possibly elimi- 
nated more rapidly from the body, as the experiments of Glenny, Buttle, and 
Stevens (1931) seem to indicate. 

Roux and Yersin (1889) demonstrated that metallic salts when added to 
diphtheria broth form precipitates which retain smaller or larger amounts of 
the antigen. Later the effect of several of these nonspecific substances was in- 
vestigated: among them were tapioca (Ramon); alum (Glenny, Pope, Wad- 
dington, and Wallace, 1926; Glenny, 1931; Glenny and Barr, 1931; Llewellyn 
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Smith, 1932) ; calcium (Ramon and Nelis, 1931) ; and others. It was found 
that these additions caused a considerable increase in the antigenic efficiency 
of the toxoid. This effect is probably due to some fixation of the antigen at 
the site of injection, causing* a slower absorption and, therefore, a more pro- 
longed stimulus. Unfortunately, adding these substances to the ordinary 
toxoid in most instances causes rather severe local reactions when the prepa- 
ration is injected into man. The admixture of alum has been used by Park in 
the United States with good results. The toxoid contained, however, only 
small amounts of alum (0.2 per cent), and the usual three injections were 
used by Park. Larger amounts of alum (2 per cent) were used in guinea pigs 
in a single injection by Pondmann and Tasman (1931) but caused extensive 
hard infiltrations of the tissues of long duration at the site of injection. Such 
infiltrations may give rise to abscess formation, even a considerable time after 
injection. Thus Saunders (1933) observed four cases of abscess formation in 
children; one of these eases occurred three weeks after and another over one 
year after the alum-toxoid injection (7.5 per cent alum). 

These by-effects naturally reduce the usefulness of such material when 
intended for mass immunization of children. 

More promising results have been obtained by S. Schmidt (1932), who 
in place of alum has used the Willstatter preparation of alum hydroxide 
Al(OH) 3 . This preparation has a high specific combining capacity for puri- 
fied toxoid. A small quantity might therefore be sufficient to obtain the de- 
sired effect. The method of preparation of this antigen and the results of 
animal experiments have been published by Schmidt and Hansen (1933). 

This toxoid Al(OH) 3 preparation was first used in a single injection as 
an immunizing agent on Danish children by Claus Jensen, S. Ahrend Larsen 
and K. Bojlen. Approximately 6,000 children have been immunized in this 
manner. A report of the study will be published later. The present paper 
records the results obtained with the same preparation in immunizing chil- 
dren in the Bezirk Mattersburg, Austria. 

Mattersburg, capital of the county by the same name, is situated in the 
Province of Burgenland, which partially forms the boundary between Austria 
and Hungary. It is a town of 3,706 inhabitants, and although it lies in the 
heart of a farming area the townspeople live for the most part under crowded 
conditions. The undue prevalence of diphtheria during the past few years 
has resulted in a heavy financial burden on the community and has made it 
easy to persuade the parents to present their children for immunization The 
incidence of the disease during the six-year period 1928-33 was as follows • 


diphtheria cases 

12 

5 

10 

13S 

93 

3S 


YEAR 


192S 

1929 

1930 

1931 

1932 

1933 
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Cliilclreu of Mattersburg in the age group from two to eleven years in- 
clusive were selected for tlie immunization campaign. This group consisted 
of 728 children, of whom 553 were brought to the dispensary for treatment. 

A record card was made out for each child. These cards, with the rele- 
vant data recorded thereon, are on tile at the County Health Department. This 
material will furnish a basis for a future study of the progress of the disease. 

A highly purified formol-toxoid, AI/31, 25 FI. units per c.c. with 10 per 
cent by volume of Al(OII) a> was supplied by the Copenhagen State Serum 
Institute. 

The toxoid was administered on Nov. 21, 1933, in 2 e.e. doses, injected 
subcutaneously at the inferior angle of the left scapula. Of tlie 553 children 
receiving a single injection, 71 (12.8 per cent) showed local or general reac- 
tions. These reactions are generally supposed to result from a hypersensitive- 
ness to the specific diphtheria antigen. Even with a highly purified toxoid 
such as was used here, one might therefore find a higher percentage of reac- 
tions among children with a previous history of diphtheria. 


Table I 

Reactions or 123 Children Who Had Had Diphtheria and 430 Children With No History 
or Diphtheria, to Formol-Toxoid in 2 c.c. Doses Injected Subcutaneously 



CHILDREN WHO HAD HAD 

diphtheria (123) 

CHILDREN WITH NO HISTORY 
OP DIPHTHERIA (430) 

NO. 

PER CENT 

NO, 

1 PER CENT 

Swelling 

3 

2.4 ± 0.94 

0- 

1.4 + 0.3S 

Swelling and redness 

24 

19.5 ± 2.41 

38 

1 S.S ± 0.92 

Temperature above 38“ C. 

10 

13.0 ± 2.05 

ON 

y.S ± 0.70 

Total reactions 

43 

35.0 + 2.00 

1 

09 

10.0 ± 1.20 


As Table I indicates, the reactions in the group of children who had had 
diphtheria were twice as frequent as in tiie group with no history of diph- 
theria, thus supporting the above view. This might also explain the fact that 
the number of reactions observed is distinctly higher than that found with 
the same preparation in Denmark. It should finally be stated that in no child 
were the reactions alarming in character. There were no abscess formations 
in this group. 

STUDIES OP THE EFFECTIVENESS OP THE IMMUNIZING PREPARATION USED 

Instead of employing the Schick test, the reliability of which will be treated 
in a subsequent paper, the antitoxin content of the serum was accurately de- 
termined in blood samples taken immediately before and twenty-eight days 
after the injection of antigen. This time interval was chosen in order to make 
the Mattersburg results comparable to those previously obtained in Copen- 
hagen with the same antigen. 

The antitoxin, determinations were made at the State Serum Institute in 
Copenhagen by the intraeutaneous rabbit method of Claus Jensen (1933 2 ), 
and were not carried out in the usual way , that is, by testing the serum for a 
value above or below a certain quantity of antitoxin, i.e., 0.03 or 0.01. On 
the contrary, every blood sample was accurately titrated by two or three 
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successive determinations of increasing exactitude. In this manner each titra- 
tion served as a control for the preceding titration on the same serum and 
any chance of error urns thus avoided. The method makes possible the detec- 
tion of traces of antitoxin as low as 0.00005 units per c.c. of serum. Owing 


BEFORE 



I'’lsr. 1. — Correlation between serum antitoxin content before and after formol-toxoid ad- 
ministration in 120 children who had not had diphtheria. r=r + 0.G18 ± 0.03G. Afean titer before 
toxoid 0.001G0, moan titer after toxoid 1.43, standard variation before toxoid 13. 5X. standard 
variation after toxoid 13. IX. 


BEFORE 

.0001 .00032 .001 .0032 .01 .032 .1 .32 1. 



FIs:. 2. — Correlation between serum antitoxin content before and after formol-toxoid ad- 
ministration in 28 children who had had diphtheria, r = 0.455 ± 0.105. Alcan titer before 
toxoid 0.00S19, mean titer after toxoid 7.S1, standard variation before toxoid 10.0X. standard 
variation after toxoid 7.7 X. 


to insufficient serum it was not possible to test for values below 0.0005 units 
per c.c. of serum. 


We wish to emphasize that the above-mentioned blood sampling at the 
time of immunization and at a definite period thereafter, in order to deter- 
antitoxin content, is the most exact means of establishing the value 
, . antigen and of selecting the immunization method to be employed 
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in diphtheria prophylaxis. It is needless to say that this procedure is not 
practicable in mass immunization. 

Table II gives the preliminary antitoxin titer, by ages, for 181 children 
of Mattersburg who had not previously had diphtheria, and Table III gives 
this titer for 87 children who had had diphtheria. Figs. 1 and 2 show t le 
correlation between serum antitoxin content before and after the administra- 
tion of formol-toxoid in 120 children who had not had diphtheria (Fig.l) and 
in 28 children who had had the disease (Fig. 2). 

One might expect that the presence of some “natural’' antitoxin in the 
blood of children would indicate that the antitoxin producing mechanism of 
these individuals is developed and in a more or less responsive state. This 
assumption is supported by the well-known fact that horses with small amounts 
of natural antitoxin are generally the most suitable for routine production of 
antitoxin of high potency (Glenny). Figs. 1 and 2 show that this assumption 
holds true for children, and they demonstrate the importance of the primary 
blood titration in comparing results of immunization by the same or different 
methods in groups of children. 

Table III 


Antitoxin Titer, Prior to Porkol-Toxoid Administration, os- 87 Children Who Had Had 

Diphtheria 



During the five months following administration of antigen seven eases 
of diphtheria were reported from Mattersburg. All of these cases occurred 
among the smaller group (175) of unimmunized children. 

The town of Mattersburg has experienced an unusually high diphtheria 
rate for the past three years with a low case fatality rate. The excessive per- 
centage of diphtheria cases may be taken as an indication of a large number 
of carriers. It has been impossible in connection with this study to undertake 
a carrier survey in the town. The patients who have recovered have most 
probably been exposed to frequent contacts with diphtheria bacilli. The dis- 
ease, according to previous experiences (Kosling, 1928, 1929, 1930), acts only 
as a weak primary stimulus. In many instances in this special milieu, how- 
ever, such a weak stimulus appears to have been sufficient to produce a basic 
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immunity. The frequent secondary stimuli have given rise to the production 
of “natural” antitoxin, which in some cases must be considered extremely 
high. Titers of 11.7, 12.4, and 22 were found prior to antigen administration. 

It might be mentioned that the “negative” phase feared by many clini- 
cians in direct relation to toxoid administration and the supposed increased 
susceptibility to diphtheria resulting from this “negative” phase have not 
been demonstrable in any case. This is significant in view of the fact that the 
antigen injections were carried out in an area where diphtheria was prevalent. 

Certain objections have been advanced with regard to the single injection 
method of immunization, the principal claim being that the duration of im- 
munity after one injection of antigen should be shorter than after the three- 
injection method. Claus Jensen (1931,- 1933 1 ) has carefully studied the anti- 
toxin production curve after both a single injection of purified and concen- 
trated toxoid and the customary three injections. He found that there was 
no essential difference in the decrease of antitoxin concentration after the 
peak was reached, whether produced by one injection or more than one. In 
both cases the regular fall follows closely the equation for the bimoleeular 
reaction, this having been proved to be a universal biologic law applicable to 
both man and animals. 


SUMMARY AND CONCLUSIONS 

1. This study was carried out with the single injection method of purified 
formol- toxoid and Al(OH)., in an area where diphtheria was unusually preva- 
lent. Five hundred and fifty-three children were injected, leaving 175 of the 
same age group (two to eleven years inclusive) as controls. 

2. Local or general reactions to the antigen were observed in 12.8 per cent 
of the children injected. No cases of severe reactions or abscess formations 
were recorded. 

3. The percentage of reactions to antigen injection was twice as high 
among children with a previous history of diphtheria. 

4. The effectiveness of the antigen was studied by serum titrations before 
injection and again twenty-eight days after the injection in 148 children. In 
all cases an increase in antitoxin titer was found, and in by far the majority 
of cases this increase was considerable. 

5. No evidence of a negative phase was found. 

6. No cases of diphtheria have occurred among the immunized after the 
immunization, although seven cases were reported in the control group. 
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A CHEMICAL STUDY OP LYMPH IN EXPERIMENTAL PNEUMONIA* 


John Staige Davis, Jr., M.D., New York City, and A. J. Delario, M.D., 

Paterson, N. J. 


T O UNDERSTAND the pathology of pneumonia, besides the local anatomical 
lesion and pulmonary function, the general changes in tissue metabolism 
must he studied. Some of these changes are not specific for pneumonia, and can 
be attributed to the fever and the increased expenditure of energy. The high 
protein metabolism is also found in febrile stages of other diseases. The cause 
of this increased protein breakdown is generally thought to be connected with 
the direct action of the toxins upon the tissue. There are, however, chemical 
changes in the body fluids which are more characteristic of pneumonia, such as 
decreased oxygen saturation of the arterial and venous blood, a retention of 
chlorides, and an increase in lactic acid, with which we are directly concerned in 
the present communication. 

ANOXEMIA 

It has been shown by Stadie, 1 by Hastings, Binger, Morgan, and Neill, 3 that 
in severe pneumonia the oxygen content and saturation are often abnormally low 
in both arterial and venous blood. This is the case especially when the process 
in the lungs is diffused and circulation continues through the affected parts. The 
presence of an exudate in the alveoli impedes the absorption of oxygen. If, 
however, there is such focal consolidation that the blood passes largely through 
the perfectly aerated portion, only negligible changes are observed in the oxygen 
saturation of the blood. It has been shown 3 that as much as half the lung volume 
may be obliterated without causing changes in the oxygen saturation, as long as 
the circulation is stopped in that part. Shallow breathing in pneumonia oc- 
casionally 1 produces an accelerated flow through the affected area, 5 and this, 
although it plays a minor part, still has an appreciable role in the low oxygen 
saturation of the arterial blood. 

In attempting to understand the more intimate state of the tissue metabo- 
lism, one must have more than the data on oxygen consumption, that is, on the 
difference between the arterial and venous oxygen content. In fact Stadie has 
reported that in a series of 33 cases of pneumonia (chiefly postinfluenzal), the 
oxygen consumption was in the usual range for the normal individual, averag- 
ing from 3 to 5 c.c. per 100 c.e. of blood. The results are interpreted as indicat- 
ing a normal cardiac output. The fact that oxygen consumption is in the normal 

•From the Department of Experimental Surgery, Cornell University Medical School. 
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range in pneumonia does not necessarily indicate that the gaseous exchange and 
metabolism in the tissues are normal. It is conceivable that the heightened rate 
of metabolism and the decreased oxygen tension in the tissues, tend to counter- 
balance and result in fairly normal figures for oxygen differences between 
arterial and venous blood. That there is not sufficient oxygen to support com- 
plete combustion in the tissues is the interpretation which may be placed on the 
findings of increased lactic acid. An increase in lactic acid in the body fluids is 
one of the results of oxygen want. Palmer 0 reported an increase in organic acids 
in the urine of certain patients with lobar pneumonia. Part of this increased 
excretion of organic acid was identified as lactic acid by Holten. 7 An accumula- 
tion of organic acids in the blood was demonstrated by Peters, et al. 8 and Gervell 9 



FlS. 1— X-ray film of Dog 1. with right lower lobe pneumonia. Notice anoxemia in both 


showed that this was partly due to lactic acid. It was thought that further in- 
sight into the question of the extent of oxygen deficiency in the tissues could be 
gained by studying the lactic acid content of the lymph, since this fluid originates 
in intimate contact with the cells, and probably often reflects metabolic changes 
with more sensitivity than does the blood. 


Even in those cases of pneumonia which show anoxemia, no CO- retention 
lias been demonstrated in the blood. Binger, Hastings, Sendroy 10 made observa- 
tions on a group of 30 patients and found that the CO, content varied from 39 3 
to oJ.7 volumes per cent, with the average of 49.4. The acid base balance, CO 
content, and pH, were all found to he normal. 

It occurred to us because of the increased lactic acid formed, that there 
° * be a decreased C0 = production by the tissues, thus producing a normal pH, 
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as lias been found. We determined the CO. content of the lymph in dogs with 
experimental pneumonia. The effect of oxygen therapy on lymph oxygen was 
also determined. 

CHLORIDE RETENTION 

It has long been known that there is a disturbance in the chloride balance of 
the acute stages of pneumonia. The concentration of chlorides falls in both 
serum and urine, with a simultaneous drop in serum base. The conclusion drawn 
from this is that sodium chloride is stored in tissues in spite of a deficit in the 
serum. It has been shown 11 that the depletion in serum chlorides cannot be at- 
tributed entirely to low diet, oxygen want, surgical shock, leucoeytosis, or hyper- 
thermia. The situation has been summed up by Sunderman 12 in the conclusion 



Fig. 2. — X-ray film of Dog 2, with right lower lobe pneumonia. 

that in the precritical period pneumonia is characterized by a diminished ca- 
pacity to conserve chlorides when the chloride intake is low, and a diminished 
capacity to excrete chloride on a high chloride intake. This is not dne to 
deficiency in renal function, which in pneumonia is only slightly impaired, if at 
all . 13 The apparent storage of chloride on the normal level of intake, cannot be 
accounted for by the loss of chloride in the sputum or sweat . 12 It still appears 
uncertain whether the retained chloride is stored in increased concentration in 
certain tissues or whether the chloride which enters the tissue is merely stored 
in edema fluid, with the chloride content in approximate equilibrium with that of 
the blood plasma. 

EXPERIMENTAL 

For these experiments, pneumonia was produced in six dogs by bronchial 
insufflation of pneumococcus according to the method of Coryllos and. Birn- 
baum . 14 The injections were made by Dr. Birnbaum. Amytal anesthesia was 



DAVIS-DELARIO : 


STUDY OP LYMPH IN EXPERIMENTAL PNEUMONIA 


463 


used. The presence of pneumonia was ascertained by x-ray examination and 
at autopsy. The x-ray photographs are reproduced here (Figs. 1 to 6). At the 
height of the disease, the thoracic duct was exposed, a cannula was inserted, and 
sufficient lymph for study was collected. The cannula was inserted below the 



Fig. 3. — X-ray film o£ Dog 3, with very severe right lower lobe pneumonia. Dog died 
thirty minutes after experiment was finished. Notice how low the oxygen tension is in both 
blood and lymph. 



F‘S- '■ — X-ray film of Dog 1. 

S?i n ? , ii e *>' m Ph oxygen is nearl 
mlnlshing. 


after right lower lobe pneumonia, 
normal, chlorides are increasing, 


The pneumonia is nearly 
, and lactic acid is di- 


lcvcl at which the pulmonary drainage enters, i n order not to confuse any 
changes taking place in the body as a whole with those confined to the process hi 
the lungs. To prevent clotting of the lymph, a few crystals of potassium oxalate 
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were inserted into the cannula, and the cannula was tilled with oil under which 
the lymph collected. Samples were obtained when desired by withdrawing lymph 




Fig. 6. — X-ray film of Dog G, after right lower lobe pneumonia. Pneumonia is nearly 
gone, dog is not sick, oxygen tension is nearly normal, chlorides are returning to normal. The 
COa tension is yet rather low, while lactic acid content is nearly normal. 


from below the oil layer by means of a syringe, also containing oil. Blood 
samples were withdrawn from the femoral vein. So far as possible for the 
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measurement of C0„, chloride, and lactic acid concentration, the blood and 
lymph were obtained from these dogs simultaneously. 

In three experiments the dogs were fed high fat diets (cream and olive oil) 
from one to three days before operation, whereas three of the animals had been 
fasted. The chemical procedures used for the analysis were as follows: C0 8 
by the Van Slyke and Neill method, 10 chloride by the Van Slyke method, 10 and 
lactic acid by the method of Friedman, Cotonio and Shaffer. 17 

DISCUSSION OP RESULTS 

Lactic Acid . — From the results tabulated, it can be seen that the lactic acid 
in venous blood in animals ill with pneumonia was not definitely increased above 
the normal (Table I). Examination of the figures for lactic acid concentration 
in the lymph reveals the fact that it is in every case higher than that in the 
venous blood. In one dog the lactic acid content of the lymph was found to be 
106.9 mg. per 100 c.e. This animal was acutely ill, and also had a very low 
plasma chloride. The lymph on which the analysis was done was obtained within 
five minutes after the death of the animal, which probably accounts, at least in 
part, for the high figure reported. 


Table I 


DOG 

BLOOD j 

LYMPH 1 

DIFFERENCE 

IN 

CHLORIDES 

CHLORIDES 

LACTIC ACID 

chlorides 

LACTIC ACID 

Normal 

__ 

10.0 


14.8 


Pneumonia, 1 

467.3 

17.0 

617.7 

106.9 

150.4 

Pneumonia, 2 

499.4 

7.5 

585.0 

30.6 

85.6 

Pneumonia, 3 

585.0 

13.1 

694.9 

24.5 

109.9 

Pneumonia, 4 

604.3 

16.8 

579.0 

20.9 

-25.3 

Pneumonia, 5 

585.0 

11.0 

655.0 

15.8 

70.0 

Pneumonia, 6 

604.3 

9.9 

599.6 

13.3 

- 4.7 


Gaseous Interchange in Pneumonia . — From Tables I and II, it can be seen 
that because of the chloride decrease in pneumonia, the CO- content of the blood 
tends to fall to compensate for this loss in acid element, and this action is rein- 
forced by the lactic acid, which increases in amount. However, the CO- content 
of the blood is often increased in pneumonia (Table III), because of improper 


Table II 
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ventilation due to rapid breathing. It is then that an increase in lactic acid is 
important. Table V shows the results of oxygen therapy. Note that 1.3 per cent 
of oxygen is in the lymph, or almost twice as much as normal. This possibility 
of increasing oxygen supply to the cells, especially when anoxemia occurs in 
pneumonia, makes apparent the usefulness of oxygen therapy. 


Table III 


Effect of II.ypid Shallow Bkeathixo in Pneumonia 



BLOOD 



LYMPH 

O, Tension. 

13.5 volumes per cent 

0.42 

volumes 

per cent 

O, Capacity 

20.0 volumes per cent 

0.99 

volumes 

per cent 

0 3 Saturation 

6S.0 per cent saturated 

41.00 

volumes 

per cent saturated 

CO, Tension 

42.4 volumes per cent 

64.00 

volumes 

per cent 


Table IV 





Chlorides, jig. Per 100 c.c. 




BLOOD 

LYMPH 


EXCESS IN 


SERUM 

(whole) 


LYMPH 

Dog 7 

644 

655 


n 

Dog 10 

650 

637 


-13 

Dog 11 

663 

737 


74 

Dog 14 

640 

6S2 


42 

Dog 15 

649 

667 


IS 

Table V 

NORMAL 

BLOOD 



LYMPH 


0 3 Tension 

19.5 volumes per cent 

0.55 volumes per cent 

O. Capacity 

22.15 volumes per cent 

0.73 volumes per cent 

O. Saturation 

SS.OO volumes per cent 
(dog under ether) 

75.00 volumes per cent 

CO„ Tension 

42.40 Y’oluines per cent 

After oxygen therapy 

43.14 volumes per cent 

O; Tension 

After CO, therapy 

1.31 volumes per cent (more 
Yvas forced in solution than 
it would normally hold) 

CO, Tension 

(Dog breathed faster) 

35.S9 Y-olumes per cent 


Chlorides . — The figures for chloride concentration are tabulated for a series 
of five normal dogs. (Table IV.) In four instances the concentration in the 
lymph exceeded that in the blood plasma, the actual difference being from 11 to 
74 mg. per 100 c.c. Of the analysis on the six dogs with pneumonia (Table II), 
in four instances the lymph chloride exceeded the blood concentration, being 
from 70 to 150 mg. per 100 c.c. more than the plasma chloride, the difference 
between the lymph and the blood plasma being higher in pneumonia than in 
normal dogs, both lymph and plasma chloride concentration Yvere lower on 
the whole than were found in normal animals. 

It seems, therefore, that the chlorides which are lost from the blood stream 
are not stored in the body fluid about the cells, because in such a case, the lymph, 
which is a part of this fluid, would have more chloride than normal, and this does 
not occur. What is more probable is that the exudation of blood elements during 
the consolidation of the lung carries with it the chlorides, which are therefore 
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lost to the general circulation and the eells. After the crisis the chlorides in- 
crease because of the absorption of the pneumonic process. 

SUMMARY 

1. The lactic acid increase in pneumonia is a chemical phenomenon by 
which the loss of the chloride radical is neutralized. The decrease in CO;, 
content is another method, but too often, because of shallow breathing and 
improper aeration, this CO, is increased in pneumonia. It is then that the 
increase in lactic acid is most important. 

2. Oxygen therapy more than doubles the oxygen tension in lyrupb. 

3. Chloride decrease in pneumonia is due to chloride retention in the exuda- 
tion of the pneumonic lung. When consolidation disappears, chloride returns 
to the blood and lymph because of absorption of the pneumonic process. 
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EXPERIENCES WITH THE GRUSK1N SKIN TEST FOR THE 
DIAGNOSIS OF CANCER* 


Joseph McF.vrl.axd, M.D., Jefferson II. Clark, M.D., and Murray Friedman, 

M.D., Philadelphia, Pa. 


A T THIS hospital a group composed of specialists in the various fields in 
L medicine (internists, surgeons, gynecologists, pathologists, radiologists, etc.) 
cares for all cases of known or suspected malignancy, and meets regularly once 
a week to discuss the interesting or puzzling eases. It was the opinion of this 
group that the Gruskin skin test for the diagnosis of cancer should be given a 
trial to determine whether it is sufficiently reliable to be adopted as a routine 
diagnostic procedure. A committee of three, the authors of this paper, was, 
therefore, appointed to investigate its merits. 

In order to escape a false start, Dr. Gruskin ’s cooperation was secured, and 
he kindly consented to furnish the necessary antigen. Throughout the investiga- 
tion the tests were performed with 17 antigens made by him. Dr. Gruskin also 
gave several demonstrations of the correct technic of the test, familiarizing us 
with the fine pseudopods supposed to be characteristic of the positive reaction, 
and acquainting us with those conditions under which lie believed the test to be 
unreliable. He was also good enough to interpret some of the early results. 

Technic. — The technic resembles that employed in allergic work, although 
the resulting reactions are not at all comparable in intensity. A + + + Gruskin, 
for example, would be no more than a + reaction to ragweed pollen. The 
technic demonstrated by Gruskin was carefully followed: 0.2 c.c. of the first 
antigen, and 0.1 c.c. of the later antigens, said to be stronger and better be- 
cause of the lessened bulk, were injected intradermally into the skin of the arm 
of the suspect with a 27 gauge hypodermic needle. From fifteen to twenty sec- 
onds were required for the injection and, in those cases regarded as positive, the 
blanched wheal resulting from the injection soon became reddened and very 
delicate pseudopods could be observed at its periphery in from five to ten min- 
utes. The results were expressed as 0 or +, + +, + + +, and + + + + according to 
the intensity of the reaction. A total of 199 tests upon 174 individuals was 
made, each test being checked by two observers. 

Control Cases. — Control tests were made upon seventy-one patients (85 
tests) suffering from a variety of chronic, nonmalignant diseases (see 
Table I) and 14 doctors and nurses in supposedly good health; 74.1 per cent 
of these tests proved negative. Of 22 positive reactions (including seven + + 
and one + ++) among the controls, 8 were in presumably healthy nurses. Two 

•From the Philadelphia General Hospital. 
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patients with parotid tumors gave negative reactions, while a third case of 
parotid tumor gave a negative reaction upon the first test and a ++ upon a 
later one. Negative tests were also obtained in one case of giant cell tumor, one 
of Hodgkin’s disease and two of lymphatic leucemia. 


Table I 


Control Series 





NUMBER 


DIAGNOSES 

CONFIRMATION 

NUMBER CASES 

GRUSKIN 

TESTS 





Neg. 

Pos. 


Normals 

Clinical 

13 

11 

8 


Tuberculosis 

X-ray 

4 

4 



Lupus vulgaris 

Biopsy 

1 

1 



Syphilis 

Wassermann 

1 


2 


Aneurysm 

X-ray 

1 

1 



Abscess 

X-ray Oper. 

3 

2 

1 


Cellulitis 

Clinical 

1 

1 



Arthritis 

X-ray 

1 

1 



Endometritis 

Biopsy 

2 

1 

1 


Cholecystitis 

X-ray Oper. 

2 

2 



Osteomyelitis 

X-ray 

1 

1 



Osgood-Sclilatter ’s disease 

X-ray 

1 

1 



Duodenal ulcer 

X-ray 

2 

1 

1 


Chronic tonsillitis 

Clinical 

6 

11 



Rectal stricture 

Clinical 

3 

2 

1 


Abortion 

Clinical 

1 


O 


Chorea 

Clinical 

1 


1 


Hyperthyroidism 

Clinical 

1 

1 



Intestinal adhesions 

Oper. 

2 

2 



Fracture 

X-ray 

i 

1 



Lymphatic leucemia 

Blood 

2 

2 



Pernicious anemia 

Blood 

i 

1 



Diabetes 

Clinical 

5 

5 



Coronary disease 

Clinical 

3 

4 



Cardiorenal disease 

Clinical 

2 

2 



Macrodactyly 

X-ray 

1 


l 


Warts 

Clinical 

1 


1 


Uterine fibroids 

Clinical 

1 

1 



Osteoma 

X-ray 

1 


1 


Hodgkin’s disease 

Biopsy 

1 

1 



Giant cell tumor 

X-ray 

1 

1 



Parotid tumor 

Clinical 

2 

2 



Fibroadenoma of the 






breast 

Biopsy 

2 


o 


Totals 


71 

63 

22 

74.1% 






Negatives 


Malignant Gases .— These consisted of 103 known eases of cancer in which 
the diagnosis had been confirmed by a biopsy, or in which it was clinically evident 
through the occurrence of metastases, by observation at laparotomy or through 
x-ray examinations. Subgroups have been formed to contain cases of cancer 
confirmed by biopsies, which had had no radiation treatment and others also 
confirmed by biopsies, but which had received some form of irradiation 

We have conscientiously tried to follow Gruskin’s directions in making the 
tests, avoiding all cases showing contraindications which result from altered°met 
abohe states such as dehydration, jaundice, irradiation, and fever. Although 
Grushin warns against performing the test in individuals shortly after treat- 
ment by x-ray or radium, we obtained a higher percentage of positive results 
m them than m those who had had no radiation therapy 
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In 32 cancer cases confirmed by biopsy and already under x-ray or 
radium treatment, 34 tests gave 82.3 per cent positive and 17.7 per cent negative 
reactions. One case yielded an ambiguous result, and another differed in the 
strength of the reaction, according to the antigen used. In a group of 27 known 
cancer cases that had never received any form of irradiation, 32 tests gave GS.7 
per cent positive and 31.3 per cent negative reactions. In a group of 20 cases, 
in which the diagnosis of cancer was clinical only, and in which there had been 
no irradiation, of 22 tests, Sl.S per cent were positive and 1S.2 per cent nega- 
tive. In 24 patients who had been irradiated and in whom the diagnosis of 
cancer was clinically outspoken, 26 tests gave 69.2 per cent positive and 30.S 
per cent negative results (Table II). A total of 114 tests in 103 cancer cases 
gave 86 positive and 2S negative reactions. In the S6 positive tests there were 
only 21 ++ and three + + -*■ reactions. 


Table II 

Malignant Series 



CASES 

gruskin 

VOS. 

TESTS 

XEG. 

TOTAL TESTS 

PER CENT 

POSITIVES 

Carcinoma 

Confirmed by biopsy 
Irradiated 

32 

2.8 

G 

34 

S2.3 

Carcinoma 

Confirmed by biopsy 
Not irradiated 

27 

22 

10 

32 

6S.7 

Carcinoma 

Clinically confirmed 
Irradiated 

24 

IS 

S 

26 

60.2 

Carcinoma 

Clinically confirmed 

Not irradiated 

20 

IS 

4 

22 

Sl.S 

Totals 

103 

SG 

2S 

114 

75.4 


The average percentage of accuracy for the entire series of 199 tests, in- 
cluding both positive and control series, was 74.8 per cent (Table III). How- 
ever, duplicate determinations were made in 10 individuals and in 3 of them 
the result changed from positive to negative or vice versa. 


Table III 
Total Series 



CASES 

TOTAL TESTS 


CORRECT 

RESULTS 

PER CENT 

ACCURACY 

Controls 

71 

So 

Negatives 

63 

74.1 

Carcinomas 

103 

114 

Positives 

SG 

75.4 

Totals 

174 

199 


149 

74.8 


Intensifying the Reaction . — As pointed out by Gruskin, difficulty is en- 
countered in the application of the test in cachetic and dehydrated individuals. 
Many times a reaction suggesting malignancy appeared but disappeared so rap- 
idly that it had to be read “plus-minus” and regarded as negative in the cal- 
culation for percentage accuracy. It was suggested by Dr. B. P. Widmann, 
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Chief Radiologist, that if wet dressings were continuously applied to the skin 
for twenty-four hours before the test, the local dehydration might be overcome, 
and the measure did seem to be of some value in the few cases in which it was 
tried. 

The occurrence of an unusually marked reaction to the test in a patient 
who had just received an intravenous injection of “Synadol,” a proprietary 
remedy containing emetine and various lipoids, suggested that it might be 
used as a means of intensifying the reaction. The Gruskin antigen itself was 
tried as an intensifying agent by immediately following the endodermal in- 
jection of the antigen by a subcutaneous injection of 0.5 c.c. of the same 
antigen. Within twenty-four hours the patient experienced itching of the 
skin and repetition of the intradermal test performed at that time produced 
more distinct reactions in several eases. In one case a typical urticaria, 
localized to one arm, followed the second test. Control cases did not react 
similarly. We are unable to explain satisfactorily the intensification by these 
means, for the interval between the injection and subsequent test is too short 
to permit true tissue sensitivity to develop. 

Discussion . — Unquestionably any test which will aid in the early diagnosis 
of cancer should be a distinct adjunct in the institution of early treatment, and 
so assist in the cure of the disease. Such a test, however, should be so simple 
as to be easily performed and so reliable as to be superior to all other diagnostic 
measures. From our experience the “Gruskin skin test for cancer” does 
not fulfill these specifications. 

Gruskin declares this to be an “allergic reaction.” He supposes that tu- 
mors consist of embryonal cells that are foreign to the body of the host, pre- 
sumably because all embryonal cells should eventually cease vegetating, mature, 
differentiate and become useful and specialized members of the body. In neo- 
plasia there is supposed to be an anaplastic return to the embryonal state as 
shown by the unlimited vegetative cellular activities, and the multiplying cells 
have been shown to have unusual metabolic requirements and to give off un- 
usual metabolic products as compared with adult specialized cells. These 
products, resembling those of growing embryonal cells, are also supposed to be 
abnormal to the adult body, and entering the blood to effect a kind of sensitiza- 
tion and the formation of an antibody that is supposed to be a factor in the 
reaction constituting the test. 

He also assumes that various types of embryonal cells emit such differing 
chemical sensitizing products (“foreign protein of embryonic character”) as to 
permit of the identification of different types of tumor by the use of antigens 
made from different types of embryonal tissue. For example, for the identifica- 
tion of cancer the so-called antigen is made from embryonal liver, for sarcoma 
from umbilical cord. 


V. cannot agree that here are assent, al difference, between embryonal and 
adult cells other than can be accounted for by their differing activities -rowth 
and multiplication preponderating in the former, and secretion, contraction 
nerve .mpulsc transmtss.on, etc, in the latter. For these activities sii-htly' 
d, (to, cut (tuantitics and qnaltttes of food* may be re, mired, and from Ihem 
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slightly different qualities and quantities of waste products may be given off, 
but all of them are native to the body by which they are furnished and easily 
dealt with by the body accustomed to get rid of them. It is, therefore, not to he 
imagined that their presence in an infinitesimal amount could effect a “sensi- 
tization” of the whole body to the future admission of an antigen supposed to 
be essentially the same material. 

It is also entirely in error to suppose that cell multiplication is indicative 
of embryonal character in the sense used by Gruskin. There are always multi- 
plying cells in the epiderm, and considering the ten or more square feet of 
the body covering, their number should be quite as great as that found in a 
skin cancer, yet they effect no sensitization. Each month the formation of 
new parenchyma in the female breast necessitates an enormous cell prolifera- 
tion resulting in as many cells as would be found in a small mammary cancer, 
yet without any sensitization. As Gruskin represents the test as useful for the 
diagnosis of cancer so early in its development as to escape detection by other 
methods, it may be inferred that an extremely small number of cells may 
be sufficient to effect the sensitization. How many cells are required to do that? 
If an extremely small number will suffice, why do negative results frequently 
occur when large cancers are present ? 

Noting that patients in the best of health occasionally give positive reac- 
tions, and that one or two of his eases, behaving in this paradoxical fashion, were 
the descendants of cancerous ancestors, Gruskin concludes that the test not only 
reveals the presence of existing cancer, but also may foretell the future proba- 
bility of cancer. In other words, the test that is to be depended upon for the 
immediate diagnosis of the disease may only be indicating its future and remote 
possibility. Such an unfortunate admission destroys the value of the test. We 
want to know whether the patient has cancer now, not that he may get it twenty 
years hence. As out of any number of normal persons questioned, some would 
undoubtedly be found to descend from carcinomatous ancestors, the assumption 
that such descent is sufficient to explain the paradoxical positive reactions in the 
healthy, seems to be no more than a forced attempt to escape from a difficulty. 

But this is not all; the reactions of immunity and allergy are among the 
most specific known, so it becomes necessary to consider carefully the so-called 
antigens employed in the prosecution of the test. According to the directions 
given by Gruskin, they are prepared from the embryonic livers of calves, sheep 
or pigs in the second month of fetal life. The liver substance is separated from 
its capsule, washed in water to remove as much blood as possible, and then 
vigorously shaken with water in an Erlenmeyer flask to separate the cells from 
the fibrous tissue. The suspension of cells is then centrifuged at high speed and 
the cells repeatedly washed with water until free from all traces of blood. The 
wet cells are then rubbed up with twenty volumes of N/10 NaOH, allowed to 
stand for twenty-four hours, after which the reaction is adjusted to pH 6.8 
with N/10 HCL. 

From the experiences of our friends and ourselves, this “antigen” is ex- 
tremely difficult to make and its originator finds it no less so. In the first place 
one should not be deceived into supposing that it can be satisfactorily made of 
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the livers of pigs. When so made it usually will not work, probably because 
of the presence of “too much fat.” To make it from other livers is diffi- 
cult because little bovine and ovine embryos are very difficult to get. But 
when all of these difficulties are overcome, there is no method of titration by 
which its usefulness can be measured or the quantity necessary to produce the 
reaction determined. Grushin himself frequently said that the antigens were 
“no good” or “too weak,” and from him came a succession of 17 antigens, some 
of which when used on patients previously tested, gave results contrary to those 
obtained with another antigen. 

The antigen is, therefore, too variable a reagent to be depended upon, but 
it is not only variable, it is also fantastic. We have told what it is, but let us now 
see how it is supposed to act. On very doubtful grounds, it is assumed that 
cancer cells through anaplasia become embryonal cells. Although originally 
homologous, they now become rebellious aliens, resented and combated by the 
normal structures of the body by which they are surrounded. This, it is further 
assumed, results in such a disturbance of the whole body that it not only becomes 
keenly sensitive to their presence and products, but it also becomes sensitive to 
exogenous heterologous proteins derived from animals of such various and 
widely divergent types as cattle, sheep, and hogs. 

This concept seems to be so contrary to all of the known facts of blood re- 
lationship, specific precipitation and allergy as to be unimaginable. If the ex- 
tracted protein, constituting the “antigen” is an embryonal extract, if can- 
cer cells are also embryonal, and if the latter can be conceived to have sensitized 
the body to embryonal substance, it would not follow that the former would 
react with the latter. The embryonal extract used in the ‘ ‘ antigen” is more than 
an embryonal extract ; it is an embryo sheep extract or calf extract or pig ex- 
tract. The phylogenetic divergence of these animals is from the very beginning 
The ovum of an animal of one group cannot be fertilized by the spermatozoa 
of another group; the tissues of one kind, whether embryonal or adult, will not 
live if transplanted into another kind; the blood of one kind cannot by trans- 
fusion support the life of another kind. 


But Gruskin’s imagination goes still further; the antigen for cancer dia- 
nosis is an epithelio-antigen and its alleged specific reaction is demonstrable only 
in the case of malignant tumors, because their cells acquire and maintain an 
embryonal character through anaplasia. It will not react in the case of benmn 
epithelial tumors, because these cells not being anaplastic and embryonal dif 
ferentiate and mature. If there is any tumor that contains embryonal epithe’ 

posTtively 8 tUm ° r ° f thG Pal ' 0tid ’ yCt H d ° eS not insistently react 

Should it be desired to make a diagnosis of sarcoma, it becomes necessary 
to employ a connective tissue antigen. To meet this requirement 
selected the umbilical cord as the appropriate embryonal source of the an J 
gen, preparing it m much the same way as was described above 

„ 5 cs Stlctrn 1 “ ^ t hc t in "' hich °™*» 
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the time of birth it is already mature, inactive and its cells decadent. Does it, 
therefore, conform to the requirements for the antigen? But if it be embryonal 
in the required sense, is it of a quality specific for reacting with embryonal 
connective tissue only? The umbilical cord is composed of an ectodermal mem- 
brane, amnion, on the outside; in it are vestiges of the yolk sac and allantois, 
both endodernml and all that remains are the blood vessels and jelly of Wharton, 
the former mesodermal, the latter uncertain in origin. With a mixture of ecto- 
dermal, mesodermal and endodernml derivatives, how can it be specific for sup- 
posedly embryonal mesoblastic tumors, sarcomas? 

But behind all this lies a more profound biologic defect, for the whole 
scheme is founded upon certain assumptions that are oncologically unsound. We 
have become accustomed to employ the words ‘‘carcinoma” and “sarcoma” so 
familiarly that they have come to imply more knowledge than is justified by the 
facts. Carcinomas and sarcomas are clearly separated in theory but not in 
fact. The sarcoma group is extremely vague and puzzling and has been sub- 
ject to many subtractions in recent years, and will be subject to many more, no 
doubt. For example, melanotic sarcoma has ceased to exist because of the in- 
compatibility of the usage of a name (sarcoma) usually implying a tumor of 
mesodermal origin, for a tumor that is almost certainly of ectodermal origin; 
of the tumors of the lungs and prostate formerly called sarcomas, many are now 
regarded as carcinomas. Almost the whole oncological classification and nomen- 
clature is in a confused state that affords such evidence of present ignorance of 
the origin and nature of the tumors themselves as to make it impossible that 
such specificity as the Grushin test presupposes can obtain. 

PRACTICAL QUESTIONS 

The adequacy and inadequacy of the test may be judged by the way in 
which it seems advisable to answer the following questions: 

1. In how many cases can the diagnosis of cancer be correctly made by 
the Grushin test when all other methods of diagnosis have failed ? The number 
must be very small for of our 27 cases proved by biopsy to be suffering from 
cancer, not yet subjected to irradiation by x-rays or radium and appropriate 
for the test from every point of view, only 6S.7 per cent reacted positively. 

2. In ease of a suspected invisible internal cancer should the patient be ad- 
vised to undergo a laparotomy or other operation because the Grushin test is 
positive? In view of the fact that out of 14 young persons in perfect health 
and above any suspicion of cancer, S gave positive reactions, the answer to this 
question ought to be an emphatic NO. 
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OBSERVATIONS ON INTESTINES OP RATS FED INERT MATERIALS* 


Ch arles-F ran cis Long, M.D., John A. Kolmer, M.D., and “William A. Swalm, 

M.D., Philadelphia, Pa. 


F OR centuries inert materials notably kaolin, have been added to the diet 
of human beings suffering from diarrhea of various sorts. 1 Long empiric 
history and continuing use would bespeak the fact that these inert bodies fulfill 
their purposes in the hands of physicians. In the recent medical literature 
untoward effects have been reported through using kaolin in the human being 
and in the experimental animal. 3 

This paper will report laboratory studies conducted with white rats, ob- 
serving the effects of various inert materials upon their intestinal tracts after 
varying lengths of time. Rats were chosen because they will eat almost any- 
thing, and diets analogous to the human being could be constructed for them. 
Furthermore the most severe criticisms of large doses of kaolin as a medicament 
have come from the rat feeding experiments of Fredrick Hoelzel of Chicago. 3 
He points out that in many instances the admixture of kaolin in the proportion 
of 2 to 1 with the diet causes polyposis of the intestinal mucosa. He believes 
the mechanism of their production to be as follows : 

The kaolin causes retarded movement of the fecal mass along the gut, result- 
ing in long contact with one section of the mucous membrane. Gas pockets form 
in the feces which move toward the periphery and cause a dimpling or pitting 
of the fecal surfaces. As this gas is absorbed or slips out the mucous membrane 
is sucked into or falls into the pit and thus forms a polyp providing there is a 
lapse of from six to twenty -four hours in which the fecal mass remains in situ. 
According to Hoelzel one-third of the rats on such a regime may develop sessile 
or pedunculated polyps. 

Through the kindness of Dr. John A. Kolmer and the Research Institute 
of Cutaneous Medicine, rats were made available for a similar study in a small 
series of animals, using not only plain kaolin but in addition kaolin in a sus- 
pension of aluminum hydroxide gel, cellulose and bran. One obvious criticism 
of the work of Hoelzel is the overwhelming amount of inert material used in 
some of his experiments, so we also observed the effects of dosage more nearly 
commensurate with human dosage on the basis of average weights. At the end 
of the experiment using 87 rats, we found several objections to the results which 
will be pointed out later, so a second group of 27 rats was observed for four 
weeks to check the moot points in the first group. 

We accepted for the purpose of the experiment Hoelzel ’s conception that 
P ;tti »g of thc rat fcces indicates gas pocketing during stasis and potential 
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mucosal harm, but we have relied solely on autopsy findings for conclusions as 
to the harmfulness or harmlessness of the inert bodies. Our work lends itself 
rather well to tabulation which will be more informative than a long written 
account. The diets used in the first group of rats were as follows: 


(1) Hoelzel Diet: 

30 Parts protein (coni'! casein) 

3 Parts cod liver oil (fat and vitamin 
A) 

5 Parts dry yeast powder (vitamin B) 
60 Parts cornstarch 

2 Parts NaCl 

(2) Smooth Diet (Weirda’s): 

18 Parts protein (com’l casein) 

23 Parts lard or butterfat (lard used) 
53 Parts sugar or cornstarch (cornstarch 
used) 

4 Parts Osborne and Mendel 's salt mix- 
ture 

Supplement with 1 gm. yeast daily 
Supplement with 5 drops cod liver oil 
daily 


(3) McCollum’s Stock Diet: Semi-Rough 

Whole wheat ilour Go. 59c 

Casein 15.0% 

Whole milk food 12.0% 

Butterfat 5.2% 

Calcium carbonate 1.5% 

NaCl 0.8% 

(1) Normal Bat Diet (Research Institute): 
Buckwheat 25% 

Oats 40% 

Rolled oats 21% 

Sunllower seed 4% 

Cracked corn 10% 


OBSERVATIONS 


1. Rate of Fecal Passatje. — The addition of massive doses of inert materials 
lo the diet of rats, as near as possible equal in weight, resulted in a definite 
increase in the number of fecal pellets passed as compared with the control series 
(compare with Table YI). In this respect the materials used stand as follows: 
(1) powdered cellulose (Table III); (2) kaolin (Table I); (3) flaked cellulose 
(Table HI); (4) bran (Table V); (5) kaolin in aluminum hydroxide gel (Table 


Table I 


NO. 

DIET 

DAYS 

| FECES 

PITTING 

PARASITE 

"WEIGHT 
GAIN + 

AUTOPSY FINDINGS 





LOSS - 



A. 1 Part Hoelzel Diet Plus 2 Parts Kaolin 


i 

on 

717 

143 (19.9%) 

In liver 


No lesion 

2 


833 

147 (17.5%) 

In small intestine 

- 8 gm. 

No lesion 

3 

46 

1,081 

180 (16.6%) 

In small intestine 

+25 gm. 

No lesion 

4 

59 

1,369 

214 (15.6%) 

0 

-14 gm. 

No lesion 

5 

73 

1,607 

202 (16.3%) 

In small intestine 

+ 5 gm. 

No lesion 

6 

24 

485 

100 (20.6%) 

0 

- 3 gm. 

Hemorrhagic ulcer 
large intest. 

Summary: 

6,092 

1,046 (17.2%) 

4 




JB. Hoelzel Diet Plus 0.9 Gm. Kaolin (Human Pat Dose t 

) 

1 

34 


3 (2.6%) 


+31 gm. 

No lesions 

2 

38 


0 

Small intestine 

+42 gm. 

No lesions 

3 

46 

mm m 

2 

0 

+32 gm. 

No lesions 


1 542 

5 (0.9%) 

1 




C. Hoelzel Diet Plus 1.8 Gm. Kaolin (Human 

Pat DosCj 

) 

4 

23 

80 

2 (2.5%) 


[ +42 gm. 

Died, no lesions 

5 

52 

190 

4 (2.1%) 


+12 gm. 

No lesions 

6 

73 

359 

3 (0.8%) 

In liver 

+58 gm. 

No lesions 

Summary: 1 

629 

9 (1.4%) 

i 
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IY). However, it will be easily noted that when the dosages were reduced to 
those used in human clinical practice, the rate of fecal passage in every instance 
was normal. The faster fecal rate is possibly a function of both increased water 
adsorption and mucosal stimulation. 

Table II 







WEIGHT 



DIET 

FECES 

PITTING 

PARASITE 

GAIN + 

AUTOPSY FINDINGS 


DAYS 




LOSS - 



A. 1 Part Normal Diet Plus 2 Parts Kaolin (Four Days Only) Then, 1% Parts Normal Diet 
Plus 1% Parts Kaolin ,and Carrot Twice Weekly 


1 fa') 

5“ 





Died of heat and 



545 

56 (10.2%) 

0 

- 5 gm. 

inanition. No 







lesion 

1 (b) 

20 





No lesions 

2 

38 

766 

93 (10.8%) 

0 

+15 gm. 

No lesions 

3 (a) 

4 i 





Died of heat and 


1 

1,504 

198 (13.1%) 

0 

0 

inanition. No 







lesion 

3(b) 

21 





No lesion 

Summary. 

2,815 

347 (12.4%) 

0 




B. 1 Part Normal Diet Plus 1 Part Kaolin Plus a Carrot Twice Weekly 


4 

46 

875" 

99 (10.2%) 

0 

+22 gm. 

No lesion 

5 (a) 

5 





Died of heat and 



931 

111 (11.8%) 

Small intestine 

-42 gm. 

inanition 

5(b) 

38 


1 



No lesion 

6 (a) 

5 


i 



Died of heat and 





Small intestine 

-54 gm. 

inanition 

6 (b) 

21 





Died. No lesion 

Summary: 

2,900 

314 (10.8%) 

2 




Summary or Table III 


A. Six rata fed 1 part Hoelzel diet plus 2 parts powdered cellulose for a combined period 

of 116 days passed 3,951 feces of which 60 (1.5 per cent) were pitted. One polyp 
was found situated in the large intestines. Two parasites were found. 

B. Twelve rats fed 1 part Hoelzel diet plus 2 parts flaked cellulose for a combined period of 

sixty-two days passed 940 feces without pitting. No lesions were found but there 
were 5 parasites. 

C. Three rats fed 9 parts Hoelzel diet plus 1 part flaked cellulose for a combined period of 

forty-five days passed 419 feces without pitting or lesions. Two parasites were 
found. 


D. Three Tats fed 8 parts Hoelzel diet plus 2 parts flaked cellulose for a combined nerind 
of fifty-two days passed 462 feces without pitting or lesions. One parasite was 
found. ^ 


2. Production of Pitted Feces.— There was no pitting of the feces of the 
control rats on the Hoelzel and normal diets (Table YI), laying at rest our 
anxiety that the pitting might be really indentations made by the rat’s feet 
Nor was pitting seen in those rats receiving flaked cellulose (Table III) or bran 
(Table Y). Curiously enough one rat each on Weir da’s diet and McCollum’s 
diet showed a slight amount of pitting (Table YI). 

Pitting was most marked after massive doses of kaolin (17 per cent 12 4 
per cent, 11 per cent) (Tables I and II). Second to plain kaolin stood kaolin 
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in aluminum hydroxide gel (7.4 per cent) (Table IV). Powdered cellulose 
caused only 1.5 per cent pitting (Table HI). 

When the dosage of inert material was reduced to more nearly the propor- 
tionate human dose, pitting was reduced to 1 per cent and 1.4 per cent for 
kaolin (Table I) and 0.5 per cent and 0.0 per cent for kaolin in aluminum 
hydroxide gel (Table IV). 

3. Production of Lesions . — Our results were in marked contrast with those 
of Hoelzel. No polyps were produced in any of the kaolin studies. The single 
polyp discovered occurred in a rat on one part Hoelzel diet plus powdered cellu- 
lose 2 parts, autopsied on the thirty-ninth day (Table III). Three hemorrhagic 
ulcers of the large intestine were discovered (Tables I, IV, and VI) , but since 
one occurred in a control rat, the inert material in the diet must be exonerated 
in their production. 

At the conclusion of the experiment it was found that 35 of the S7 rats were 
infested with a nematode parasite and that the arithmetical calculations of the 
smaller dosages had been inaccurate. Consequently, it was thought wise to re- 
study the problem of kaolin and kaolin in aluminum hydroxide gel using a series 
of 27 carefully selected rats, including new controls. The rats were provided 
by the Wistar Institute of Anatomy in Philadelphia. They were carefully 


Table IV 


NO. 

| DIET 
DAYS 

FECES 

PITTING 

PARASITES 

WEIGHT 

GAIN + 

LOSS - 

AUTOPSY FINDINGS 

A. 1 Part Hoelzel Diet Plus 3 Parts Kaolin 30 Per Cent in . 

Hu minum Hydroxide Gel 

1 

34 

375 

34 (8.0%) 

0 

+17 gm. 

Ulcer in large in- 
testine 

2 

38 

334 

25 (7.7%) 


+24 gm. 

Iso lesions 

3 

4(3 

4G0 

39 (8.4%) 


+57 gm. 

No lesions 

•1 

52 

529 1 

39 (7.3%) 


+33 gm. 

No lesions 

5 

59 

532 

34 (6.5%) 

0 

+24 gm. 

No lesions 

6 

73 

68S 

46 (6.6%) 

0 

+76 gm. 

No lesions 

Summary: 1 

2,918 

217 (7.4%) 

0 1 




B. 1 Part Hoelzel Diet Plus l.S c.o. Kaolin £0 Per Cent in Aluminum Hydroxide Gel 

(Double Human Eat Dose) 


1 

2 

3 

34 

38 

62 

■a 

0 

1 (0.07%) 

2 (0.3%) 

0 

In small iutestino 

0 

+12 gm. 
+42 gm. 
+68 gm. 

No lesions 

No lesions 

No lesions 

Summary: 

mm 

3 (0.5%) 

1 




C. 1 Part Hoelzel Diet Plus 3.G c.o. Kaolin 30 Per Cent in Aluminum Hydroxide Gel 

(Quadruple Human Eat Dose) 


4 

38 

120 

0 

0 

+26 cm. 

No lesions 

5 

52 

178 

0 

0 

+57 gm. 

No lesions 

6 

52 

363 

0 

In liver 


No lesions 

Summary: 1 

661 

0 

1 

1 



Summary of Table V 


A Three rata fed one part Hoelzel diet plus 2 parts prepared bran for a total of sixty-one 
days passed 725 feces without pitting or lesions. One parasite was found. 

B Three rats fed 1 part Hoelzel diet plus 2 parts milled bran for a total of thirty-two days 
passed 273 feces without pitting or lesions. All had parasites. 
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Table VI 
First Series 



A. Control, Smooth dot (ICeircla) 


+ 6 gm, 


No lesions 
No lesions 
No lesions 



S. Control, McCollum’s Stock Diet 



1 1 4 

27 

2 12 

71 

S I 12 

[ 80 

Summary : 

1 17 S 


C Control, Smooth Viet (Weirdo,) Phis iro ^Citiate 

“"IT 

0 + 4 gm. 

0 +7 gin. 


0 

0 

0 


No lesions 
Ulcer of cecum 
No lesions 


(Six Days) 


4 

5 

6 

”* 1 
12 

32 

18 

32 

0 

0 

0 

In small intestine 
Intestine 

0 

2 

-17 gm. 

-16 gm. 

No lesions 

No lesions 

No lesions 

Summary : | 

82 

E. Control, 

Hoelzel Diet 

i 

o 

3 

4 

5 
a 

15 

23 

29 
: 36 

42 

49 

5G 

90 

101 

117 

120 

202 

0 

0 

0 

0 

0 

0 

Small intestine 

0 

Small intestine 

In liver 

0 

0 

4 4 gm. 
-11 gm. 
+37 gm. 
+27 gm. 
+11 gm. 
+30 gm. 

No lesions 

No lesions 

No lesions 

No lesions 

No lesions 

No lesions 

Summary : 

086 

1 0 I 3 




Second Series 


1 

2 

3 

4 

3 

10 

16 

23 

17 

92 

123 

150 

0 

0 

0 

0 

0 

0 

0 

0 

+ 4 gm. No lesions 

- 3 gm. No lesions 

- 8 gm. No lesions 
-23 gm. No lesions 

Summary : » 

382 

0 

0 




B. Controls 

Hoelzel Viet 



x 

28 

169 


0 

+ 9 gm. 

Negative 

9 

28 

136 


0 

- 1 gm. 

Negative 


2ft 

132 

-Bn 

0 

-31 gm. 

Gas distention 







small intestine 

4 . 

2S 

126 


0 

-49 gm. 

Gas distention 







small intestine 

5 

28 

132 

0 

0 

No gain 

Negative 






or loss 


6 

1 28 


mmmmm 

0 

| - 9 gm. 

i Negative 

Summary: 

1 903 

1 0 1 1 



C. I Vistar Viet Controls, TVistar Viet 


H 

■ ■ 

n 


S ! 
0 

+55 gm. | 
I +52 gm. 1 
j +S3 gm. ! 

Negative 

Negative 

[Negative 



i 0 

0 

1 

1 
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Table VII 


NO. 

DIET 

DAYS 

FECES 

PITTING 

PARASITES 

WEIGHT 

GAIN + 

LOSS - 

AUTOPSY FINDINGS 


1 Part Hoelzel Diet Plus 2 Paris Kaolin 


I 

mmm 

msm 

74 (0.4%) 

0 

-18 cm. 

Negative 

o 


■ 

94 (1.01%) 

0 

-20 gm. 

Cyst in liver 

3 

B 


59 (0.0%) 

0 

-22 gm. 

Negative 

Summary : 

3,055 


0 



Hoelzel Diet Plus 0.110 

Gin. Kaolin Per Pat Per Day (Double Human Pat Dose ) 


ja:M 



0 

+ 1 gm- 

Negative 





0 

+ 3 gm. 

Negative 





0 

- 5 gm. 

Negative 

Summary: 


3 (0.5%) 

0 



lfistar Diet Plus 0.110 

Gin. Kaolin Per Pat Per Day (Double Human Pat Dose) 

1 

2S 





Negative 

O 

28 





Negativo 

3 

28 





Negative 

Summary: 

1,288 

o 

0 




Table VIII 


NO. 

DIET 

DAYS 

FECES 

! PITTING 

PARASITES 

WEIGHT 
GAIN -f 

LOSS - 

AUTOPSY FINDINGS 


1 Part Hoelzel Diet Plus 2 Parts Kaolin 20 Per Cant in Aluminum Hydroxide Gel 


4 

5 

6 

28 

28 

28 

5GS 

G0S 

032 

28 (4.0%) 

31 (5.0%) 

21 (3.0%) 




1.S0S 

SO (4.0%) 

0 | 



Hoelzel Diet Plus 9 Drops Kaolin 20 Per Cent in Aluminum Hydroxide Gel Per Pat Per Day 

(Double Human Pat Dose) 


4 

28 



0 

+ 1 gin. 

Negative 

5 

2S 

141 


0 

- 8 gm. 

Cyst in liver 

0 

28 



0 

-10 gm. 

Negative 

Summary: 

507 

2 (0.3%) 

0 



Wistar Diet Plus 9 Drops Kaolin 20 Per Cent in Aluminum Hydroxide Gel Per Pat Per Day 

(Double Human Pat Dose) 


4 

5 

6 



0 

0 

0 

0 

0 

0 

+28 gm. 
+40 gm. 
+39 gm. 

Negative 

Cyst in liver 
Negative 

Summary: 1 


0 

0 1 




checked for ova and parasites in tlje feces before commencing with the experi- 
ment and in addition to the Hoelzel diet, a control series was placed on the 
Wistar diet as follows : 

Wistar Institute rat food Mixtures 1, 2, and 3 were used in succession. 
These rat food mixtures consist of fish, meat, and fresh vegetables. In addition 
milk, cod liver oil, lettuce, and hard boiled egg were fed three times per week. 
All rats in this series lived to and were autopsied on the twenty-ninth day. 

OBSERVATIONS 

1 Rate of Fecal Passage . — The same speeding up of fecal rate was noted 
in this as in the previous series when massive doses of the inert bodies were used 

























































JIEMO(?ltAl'llY— CONTROLLED NONSPECIFIC 1MMUNOTRANS- 
FUSIONS IN THE TREATMENT OF SEPTICEMIA AND 
OTHER ACUTE INFECTIONS' 


Walter .1. Crocker, V.M.D., E. H. Valentine. M.D., and 
William Brody, M.D., Philadelphia, Pa. 


W F VUE presenting a preliminary report, on fifty-two cases of septicemia 
■mil acute infections treated with hcmography-cont rolled nonspecific im- 
mnnotransfusions. surest ed by the work of Wright 1 and Colebrook and 
^toreiv 

The object of this paper is threefold: 

t To show that eases, in which this treatment is indicated, can be diag- 

\ and controlled best when shiftograms are used in conjunction with 

clinical findings and other laboratory data. 

o To show that nonspecific immunotransfusions may be used successfully 

(he treatment of acute infections which are of such rapid progress and 

< that there is not time to prepare a specifically immunized donor, 

great se\oin.' . 

vaccine or other biologic substance. 

‘i To point out the fact that unless there is adequate natural or surgically 
l'lished drainage of the foci of infection, the beneficial effect of the non- 
° S n *iVu' immunotransfusions is only transitory. 

' s,ir ' ( ^|| e)ls os treated with nonspecific immunotransfusions are from the 

• k wards of the Philadelphia General Hospital except one from the sur- 

V* . rJu .tu-o of <T. A. Fitzmaurice. All cases are common acute infections 

" ll ’ 1 coveritv, where clinical findings and laboratory data, such as blood 

0 f umisuio s<> • ’ 


in 


( .„ltures 


and heniography have led to a doubtful prognosis. 


])ailv hemograms were done and charted and each case was closely con- 
1 hv hemograms befoi-e and after transfusion. In this manner a change 
)" iintieut ’s condition for better or worse was often detected several hours 
°^f it had appeared clinically. A second donor could then be prepared for 
^ sfiifdoi' while the patient’s condition was still fair. 

* ,a ,pjj 5 s method of treatment has been used with excellent results in such 
„ c i* n l infections as pneumocoecie and streptococcic pneumonia; post- 
aCU ^iivc se.pt iceipF - ^ ■ Gonitis; hemolytic streptococcic septicemia ; puer- 

It should be remembered that a nonspecific im- 
s fu ' 11 and tlie elimination of the primary focus of 


;=-r r/ 


munotrw" 


’■ uate drainage is a factor of equal im- 


the Laboratories of the Philadelphia Gen- 
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(compare Tables VII and VIII). When the dosage was reduced to that pro- 
portionate to the human being, the rate was again normal. 

2. Pitting of Feces— Using massive doses of kaolin, the pitting was 7 per 
cent; using kaolin in aluminum hydroxide gel, the pitting was 4 per cent. No 
pitting was seen in rats fed either substance in amounts calculated to be double 
the human dose on Wistar diet (Table VII) , but pitting was observed in 0.5 per 
cent and 0.3 per cent of feces in rats on this same dosage with the Hoelzel diet 
(Table VII). 

3. Production of Lesions . — One polyp was found after twenty-eight days in 
a rat fed one part Hoelzel diet plus two parts kaolin in aluminum hydroxide gel 
(Table VIII). No parasites were found, but there were three liver cysts. 


DISCUSSION 


We have not been able to produce lesions as frequently as Hoelzel, since we 
found only two polyps in a total of 114 rats autopsied. We cannot agree that 
pitting occurs during fecal stasis, for it was most marked where the fecal rate 
was fastest. We do agree with Hoelzel that massive doses of any inert bodies 
may produce lesions in the intestines of rats, but we find no instance from our 
work in which this occurred in dosage double that used in ordinary human 
therapy. 

SUMMARY 


1. It is stated (Hoelzel) that feeding large amounts of kaolin and other in- 
ert substances predisposed to pathologic effects in the intestinal mucosa with 
special reference to the production of polyps. 

2. Rats fed various inert bodies in large and small doses were autopsied at 
varying intervals together with suitable controls. 

3. The results warrant the statement that massive doses of any inert bodies 
speed the rate of fecal passage; using small doses this rate remains normal. 

4. Pitting of feces -was marked when using massive doses of kaolin, kaolin 
in aluminum hydroxide gel and powdered cellulose; bran and flaked cellulose 
caused no such results. 

5. But pathologic lesions were not produced with sufficient regularity to 
warrant the assumption that these substances produce intestinal polyposis. Cer- 
tainly they do not produce these changes when given in amounts equivalent to 
the doses administered to human beings. 


The authors wish to gratefully acknowledge the technical assistance 
Borden and Miss Edith Heller. 


of Miss Katherine 
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HEMOGRAPHY— CONTROLLED NONSPECIFIC IMMUNOTRANS- 
FUSIONS IN THE TREATMENT OF SEPTICEMIA AND 
OTHER ACUTE INFECTIONS* 


Walter J. Crocker, V.M.D., E. H. Valentine. M.D., and 
William Brody. M.D., Philadelphia, Pa. 


W E ARE presenting a preliminary report on fifty-two cases of septicemia 
and acute infections treated with heniography-controllcd nonspecific im- 
munotransfusions, suggested by the work of Wright 1 and Colebrook and 
Storer. 2 

The object of this paper is threefold : 

1. To show that cases, in which this treatment is indicated, can be diag- 
nosed and controlled best when shiftograms are used in conjunction with 
clinical findings and other laboratory data. 

2. To show that nonspecific immunotransfusions may be used successfully 
in the treatment of acute infections which are of such rapid progress and 
great severity that there is not time to prepare a specifically immunized donor, 
vaccine or other biologic substance. 

3. To point out the fact that unless there is adequate natural or surgically 
established drainage of the foci of infection, the beneficial effect of the non- 
specific immunotransfusions is only transitory. 

All the cases treated with nonspecific immunotransfusions are from the 
various wards of the Philadelphia General Hospital except one from the sur- 
gical practice of J. A. Fitzmaurice. All cases are common acute infections 
of unusual severity, where clinical findings and laboratory data, such as blood 
cultures, and hemograpliy have led to a doubtful prognosis. 

Daily hemograms were done and charted and each case was closely con- 
trolled by hemograms before and after transfusion. In this manner a change 
of the patient’s condition for better or worse was often detected several hours 
before it had appeared clinically. A second donor could then be prepared for 
transfusion while the patient’s condition was still fair. 

This method of treatment has been used with excellent results in such 
acute general infections as pneumococcie and streptococcic pneumonia; post- 
operative septicemia and peritonitis ; hemolytic streptococcic septicemia ; puer- 
peral and postabortive sepsis. It should be remembex-ed that a nonspecific im- 
munotransfusion is not a cure-all and the elimination of the primary focus of 
infection, or the establishment of adequate drainage is a factor of equal im- 
portance in every case in which it is used. 

•From the division of Clinical Pathology of the Laboratories of the Philadelphia Gen- 
eral Hospital. 

Received for publication, July 21. 1934. 
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It should be noted here that we have never seen any unfavorable or severe 
reactions due to the use of the nonspecific immunotransfusion, no matter how 
weak the patient’s condition. 

APPLICATION OF BEMOGRAPHY AND RESULTS OF THERAPY 

Of the 52 cases in which hemography was used to control nonspecific 
immunotransfusion therapy, 25 recovered and 27 died (Chart 1). This does 
not represent the ratio of efficiency of this form of treatment, as autopsy 
findings in many of the fatal cases showed them to be incurable. 

The same general clinical types of disease appear in each group. Sep- 
ticemia, pyemia, or infection was diagnosed by hemogram in all cases before 
the blood was cultured. Of the first group blood culture was positive in 7 
eases; Streptococcus hcmolyticus in 5, Staphylococcus albus in 1, and pneumo- 
coccus Type I in 1 case. In the second group blood culture was positive in 13 
individuals; Streptococctis hcmolyticus in 4, Staphxjlococcus albus in 5, Staphy- 
lococcus aureus in 1, and pneumococcus Type IV in 3 cases. 

The hemogramic prognosis was equally bad in all cases before nonspecific 
immunotransfusion was begun. Twenty-four to forty-eight hours after the last 
treatment the hemogramic prognosis was good in the 25 patients that lived, as 
the average right shift and number of multiples gained suggested convales- 
cence. In the second group, or fatal cases, the hemogramic prognosis twenty- 
four to forty-eight hours after the last transfusion was generally bad. In 8 
of these cases the shift was to the left with a loss of multiples in spite of the 
transfusions. In the remainder of the second group immunotransfusion was 
followed by a right shift with a reduction of the average multiple index per 
transfusion, but the initial left shift had been so wide that this improvement 
made little change in the prognosis, since the ground thus gained was rapidly 
lost. This may be explained by the presence of an overwhelming infection 
feeding toxins into the blood stream so rapidly that the opsonins could affect 
them only temporarily. 

In estimating the value of nonspecific immunotransfusion therapy, it is 
only fair to point out that of the 27 patients that died : 

1. Six were incurable; subhepatic abscess, acute reticuloendotkeliosis 
aplastic anemia, aleucemic myelosis, lymphoblastoma of the intestine and sub- 
acute bacterial endocarditis. 

2. Fourteen eases were complicated by other serious conditions : ruptured 

appendix by diffuse peritonitis ; cellulitis with Staphylococcus albus septicemia 
by tuberculoma of the brain and diabetes mellitus; gangrene of the foot with 
Staphylococcus albus septicemia, by diabetes mellitus; mastoiditis by lateral 
sinus thrombosis; bronchopneumonia by adenocarcinoma of the ileum- lobar 
pneumonia (two cases) by uremia; lobar pneumonia by cardiac decompensation - 
bronchopneumonia (two cases) by lung abscesses; bronchopneumonia by em’ 
pyema; perforated duodenal ulcer by diffuse peritonitis; septic metritis' (two 
cases) by diffuse peritonitis. v 

3. The remaining 7 cases were either uncomplicated or no autopsy was 

nprfnrmrir! r J 
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The hemogram is a horizontally arranged line of figures representing the 
various items of interest pertaining to the blood picture. 

The “sliif to graph” (see shiftograms) is a vertical graphic representation 
of the Schilling indices of sequential hemograms arbitrarily adopted by us to 
express, best, the extent of the quantitative shift and its relation to the quali- 
tative shift, or the types of neutrophilic cells appearing in the peripheral blood. 

The “ shift ogi’am” is a chart composed of sequential hemograms con- 
nected by a “shiftograph,” showing the entire course of the disease. 

PREPARATION OF DONOR 

A suitable donor is selected by typing, cross-agglutination and serology. 
He is put to bed and given fifty million* killed typhoid organisms intra- 
venously. The commercial antigen, either typhoid or typhoid and para- 
typhoid A and B used commonly for inoculation and foreign protein shock 
therapy, may be used. Within an hour following the injection the donor's 
symptoms set in, with headache, malaise, chills and fever, and occasionally 
nausea, vomiting and diarrhea. The temperature often reaches 104°, but 
rapidly falls to normal. If no reaction occurs within an hour an additional 
twenty-five million organisms should be given intravenously. The trans- 
fusion is performed at the height of the hematologic reaction which occurs 
in about eight hours. Though the donor’s reaction may be of some severity, 
he returns to normal in twenty-four hours. During the reaction the donor’s 
temperature rises to 100-104° ; his leucocyte count increases from normal to 
15,000 to 25,000 and his hemogram shows a strong regenerative, degenerative 
left shift which returns to normal in two or three days. A donor should not 
be used a second time in less than two weeks. Blood drawn from a donor, in 
citrate, may be kept safely on ice for forty-eight hours when it is to be used 
in frequent small transfusions. 

TIME, QUANTITY AND METHOD OF TRANSFUSION 

In our cases both direct and indirect methods of transfusion have been 
used satisfactorily, although we consider the direct method preferable. In 
cases where indirect transfusion was given citrated or defibrinated blood was 
used. A transfusion of 300 to 500 c.c. is usually given every twenty-four to 
forty-eight hours. In severe rapidly progressive infections small transfusions 
(100 to 250 c.c.), at intervals of six to twelve hours are of value. In cases 
where there are toxic myocardial changes or overloading of the pulmonary 
circulation, as in pneumonia, overburdening of the circulation with added 
fluids is undesirable, and small transfusions are indicated. 

When hemograms are used to study the progress of the infection the 
transfusion is repeated whenever the left shift and increasing Schilling index 
indicate that the patient is again beginning to lose ground. Transfusions are 
repeated daily until the shift is forced right to a Schilling index of less than one. 

* 1/20 of 1 c.c. of commercial typhoid, paratyphoid antigen made up in a one to one bil- 
lion suspension. 
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Space will permit only a few brief case reports to show variations in 
types of disease treated and to illustrate the use of the shiftogram. 


Case 8— (Chart 2.) E. S., a white girl, twenty-five years of age, with a diagnosis of 
hemolytic streptococcic septicemia. The patient ran a severe septic course and eventually 
lapsed into stupor. Not until then was she given the first of five nonspecific immunotrans- 
fusions. These were of 300 e.c. each, given over a period of seven days. Each transfusion 
was given at the peak of a left shift, and each successively forced the shift right, with a 
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corresponding clinical improvement. After the fifth transfusion elimination of the infection 
and active immunity had developed to a point where the patient was independent of further 
nonspecific immunotransfusions and continued to complete recovery in nineteen days. 


Case 2. (Chart 3.) B. Y., a colored woman thirty-five years of age, with a diagnosis 
of hemolytic streptococcic septicemia due to abscessed teeth, was given 1,250 c.c. of blood 

™ 'I"'' 5 I"/"' 0 n ° nS;,Cdfic »>”"«»otran S fusio ns of approximately 250 c.c. 
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fXtoTr,, 1,r0Ca " ti0n nUh °^ h not *»*«*.* by the patient’s condition ' The 

infected teeth were removed at interval of two or three weeks. With the exceptio" J a 
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The average number of days of illness that elapsed before treatment was 
17 in those recovering, and 23 in those dying. 


Many of the patients who failed to recover were in apparent need of more 
than one transfusion, but additional donors were not to be had. This may 
have reduced the possibility of success of this form of therapy. 
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Chart 2. — (Case 8 on Chart 1.) E. S., hemolytic streptococcic septicemia. By March 
30. 1932, the bacterial toxin had forced the shift to the left to a degree of toxicity 138 times 
greater than normal or a multiple index of 138. At that point the first nonspecific immuno- 
transfusion was given which, within a. period of five hours, forced the shift back to the right 
from a multiple index of 138 to 45 for a gross gain of 93 multiples. Sterilization of the blood 
stream was not complete but the treatment was hopeful because a temporary right shift 
had been induced. The bacterial increase during the next twelve hours forced the shift left 
again from a multiple index of 45 to 141, or a gross loss of 96 multiples. The right shift of 
93 multiples induced by the opsonins compared with the left shift 96 multiples induced by the 
toxin showed a net loss of 3 multiples to tlio advantage of the infection. 

Late March 31, 1932, the second nonspecific immunotransfusion forced the shift right 
from a multiple index of 141 to 22 for a gross gain of 119 multiples in eleven hours. During 
the next thirty-six hours the infection forced the shift left from a multiple index of 22 to 
64 for a gross loss of 4 2 multiples. The gain of 119 multiples, by the opsonins, compared 
with the loss of 42 multiples, by the toxin, showed a net gain of the difference or 77 multiples 
to the advantage of the nonspecific immunotransfusion. 


On Apr. 2, 1932. the third transfusion forced the shift right and the fourth was given 
Apr. 3, 1932, before the toxin could produce another left shift, so that transfusions 3 and 4 
together forced the shift right, in thirty-six hours, from a multiple index of 64 to 8 for a gross 
gain of 56 multiples. During the following thirty-six hours the infection forced the shift 
left from a multiple index of 8 to 43 for a gross loss of 35 multiples. This conflict between 
the opsonins in transfusions 3 and 4 on the one hand, and the infection on the other resulted 
in a net gain of the difference between 56 and 35 or 21 multiples to the advantage of the 
nonspecific immunotransfusions. 


The fifth and final nonspecific immunotransfusion was given Apr. 5, 1932, and forced 
the shift right from a multiple index of 43 to 14, in twelve hours, for a net gain of 29 
multiples. This was a net gain for the transfusion as no subsequent left shift occurred. The 
infection was eliminated. The right shift continued during the next ten days, without the 
aid of further nonspecific immunotransfusions, to a multiple index of 1.5 and to complete 
recovery of the patient. 


An increase In the size of the figure representing the multiple index we speak of as a 
“loss of multiples" even though it is an increase in the multiple index because it occurs with a 
Ipff shift indicates an increase in toxicity, is unfavorable to the patient and extends away 
from the normal multiple Index 1. A decrease in the multiple index is called a gain of 
multiples" as it occurs with a right shift, lessened toxicity, is favorable to the patient and 
approaches the normal multiple index 1. 
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been running a septic course. A hemogramic diagnosis of pyemia and visceral abscess was 
made. Blood cultures were negative. Two nonspecific immunotransfusions of 450 c.c. each 
were given with a resuiting shift to tire right and marked clinical improvement. Laparotomy 
then disclosed a large subhepatic abscess. Adequate drainage was impossible; no more trans- 
fusions were given and the patient died in forty-eight hours. The final hemogram showed a 
leueemoid left shift, a Schilling index of 5, a multiple index of 80 and a typical hemogramic 
picture of septicemia. 

Case 50. — H. L., a white girl seventeen years of age with a streptococcic pneumonia, 
negativo blood culture. She was given approximately 2,000 c.c. of blood in nine small trans- 
fusions within ten days. The third was a nonspecific immunotransfnsion ; all others were 
ordinary transfusions. The shift alternated right and left, terminating in a left shift and 
the death of the patient after twelve days. One nonspecific immunotransfnsion was insufficient 
and eight ordinary transfusions were of no value in this case. 


Case 11. — T. M., a white male, twenty-six years of age, developed streptococcic septi- 
cemia, positive blood culture, three weeks after mastoidectomy. This was followed by pyemia, 
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Chart 6. (Case 12 on Ch<trt 1) C. W., hemolytic streptococcic septicemia 
Wood culture positive. The ordinary blood transfusions, one before the Khiftopram was beiun 
r?cU 2 cry°in P tbrec “ ^ ‘he shift ri ff ht to a convalescenf^molramTd 


with the appearance of five abscesses which were incised and drained. The patient received 
seven transfusions of approximately 200 c.c. each, within a period of three weeks. The first 
was an ordinary transfusion; the following six were nonspecific immunotransfusions Trans- 
fusions and adequate surgical drainage of the abscesses brought about complete recovery in 
five weeks. J 


Cask 10.~Wlutc male of thirteen years, was admitted to the hospital with a history of 
furunculosis and a recent tooth extraction, following which he became pale and weak For 
a Period of four weeks the patient was treated symptomatically, during which time he ran 
a continuous septic temperature, with repeated negative blood cultures and did not improve 
He was then given uOO c.c of blood in three small nonspecific immunotransfusions about a 
week apart. The patients temperature and hemogram were normal following 'the third 
transfusion and lie went on to complete recovery. B th r l 

Fife; 17. (\ M., a white girl fourteen wars- of i„, 

eoeeemia (Type 1; was given two nom-perifie imm^ (rail 

forced the shift strongly ,o the right and the temperature foil to normal The , E 

1 " s 0,1 ^ ™ .he P:t j; i:z:^ m zi^zv nn *' 
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temporary flare-up following the first extraction, with blood stream infection, there was 
no untoward reaction, and recovery was complete in sixty days.* 

Case lfl. — (Chart 4.) E. N., an eighteen-year-old white male with bilateral lobar pneu- 
monia, admitted in a moribund condition. Septicemia was diagnosed by hemogram, but no 
blood culture was obtained until after the third transfusion when it was negative. The pa- 
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Cliart 4. — (Case 19 on Chart 1) E. N., tobar pneumonia delayed resolution. Septicemia 
by hemogram, blood culture negative. Almost continuous right shift to recovery from the 
fifth to the twelfth by 9 small nonspecific Immunotransfuslons. 
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Chart 5. — (Case 26 on Chart 1) J. C., pyemia with visceral abscesses by hemogram, sub- 
hepatic abscess later by laparotomy. Two nonspecific immunotransfusions forced the shift 
right with temporary improvement. No further transfusions were given as laparotomy proved 
the case to be hopelessly inoperable. Patient died on a fatal left shift with typical hemogram ic 
picture of septicemia. 


tient received nine nonspecific immunotransfusions; six of 100 c.c., at intervals of three 
hours, and three of 300 c.c. at intervals of twelve hours, a total of 1,500 c.c. in seventy-two 
hours. A rapid and progressive right shift and complete recovery followed. 

Case 26. — (Chart 5.) J. C., a white male of thirty-eight years, with a history of 
cholecystectomy and appendectomy five years previously, and two attacks of multiple arthritis 
four years previously. The patient had pain and stiffness in the neck and shoulders, and had 

~ *Reported J. A. M. A. 100: pp. 100-102 1933, by Ruth Stephenson M. IX resident physician 
in charge of the case. 
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available. However, tlie clinical progress of the patient alone may be used 
as a guide to the use of the nonspecific immunotransfusion. In general, we 
have noted that the temperature curve of the septic case parallels the shift, 
a fact noted by Schilling 4 in his original work. 

CONCLUSIONS 

1. Hemography is the most accurate method of following the progress of 
sepsis and controlling the use of the nonspecific immunotransfusion. 

2. The nonspecific immunotransfusion can be used successfully as a help- 
ful therapeutic measure in the treatment of septicemia and other acute in- 
fections. 

3. The nonspecific immunotransfusion should be used as early as possible 
in all severe septic conditions. It seems to abort pneumonia. It is not, how- 
ever, contraindicated in the late stages of disease where it seems almost cer- 
tain that the patient will die. 

4. Of 52 patients treated 25 recovered and 27 died. Five reasons appear 
to account for failure of recovery : treatment too long delayed, overwhelming 
infection, insufficient number of donors available, impossibility of adequate 
drainage, and extensive pathology of incurable character. 

We express our thanks to J. A. Fitzmaurice, M.D., Philadelphia, and the Chiefs of the 
various wards for cooperation and permission to use their cases. 
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Case 12. — (Chart 0.) C. W., a white male of twenty-four years. Following a mastoidec- 
tomy he developed symptoms of septicemia, with blood culture positive for Streptococcus 
hemolyticus. Ten cubic centimeters of Pregl’s iodine was given intravenously' and two 
ordinary transfusions were given without effect. Later, two nonspecific immunotransfusions 
of 250 c.c. each were given within five days. The shift was forced progressively to the right. 
Tlio temperature fell to normal and the patient recovered in three weeks. 


Case 4. — (Chart 7.) D. M., a white male thirty-six years of age, a private case of 
J. A. Fitzmaurice, M.D., of Philadelphia. A ruptured gangrenous appendix was found at 
operation. Peritonitis set in and the hemogram was that of a typical septicemia. The patient 
ran an extremely septic course. Four nonspecific immunotransfusions of 500 c.c. each were 
given. The first three were given at daily intervals, the fourth after a lapse of three 
days. The hemogram shifted right progressively, reaching convalescent limits following the 
fourth transfusion. The patient recovered in sixteen days. 
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44 

0 

0 

0 

Hight 

46 

89 

6 



17,600 

48- 

3.0 

4 

0 

2 c6> 


90 

0 

4 

0 

4 

8 

2 

0 

0 

Left 

22 

24 

9 



14,800 

5. 

1/3 


0 

0 22 

6^ 

84 

0 

6 

0 

10 

16 

0 

0 

0 

Right 

44 

72 

11 



14,000 

4 

1/4 


0 

4 12 

6 7 

80 

0 

4 

0 

16 

20 

0 

0 

0 




12 



17,100 

6 

2/5 


0 

0 20 

sh 

70 

2 

4 

0 

8 

14 

4 

0 

0 




14 



9,900 

8 

V, Z 


0 

0 22 

it 

62 

0 

6 

0 

28 

34 

2 

0 

2 

SI Lert 


16 



7,500 

4 

1/4 


0 

0 12 

44 

56 

0 

2 

0 

40 

42 

0 

2 

0 

BlCbt 

to recovery. 


IMltlples 


Chart 7. — (Case 4 on Chart 1) D. McG., peritonitis, ruptured appendix, septicemia clini- 
cally and by hemogram. Adequate drainage and four nonspecific immunotransfusions given 
by J. A. Fitzmaurice. M.D., Philadelphia, in his surgical practice, induced right shifts and 
convalescent hemogram in ten days and recovery In sixteen days. 


COMMENT 

Nonspecific immunotransfusion therapy is based on the principle of in- 
creasing the formation of nonspecific antibodies, or opsonins in the blood of 
the donor by the intravenous injection of killed typhoid organisms. This was 
first described by Sir Almrotli Wright in 1919 and by Colebrook and Storer 
in 1923. 

We have found that the opsonins in the donor’s blood are increased from 
five to ten times eight hours after the intravenous injection of 50,000,000 killed 
typhoid bacilli. 

Clinical evidence supports the theory of increased antibody formation, as 
a single nonspecific immunotransfusion is sometimes sufficient to sterilize the 
blood stream, at least temporarily. Moreover, it. has been clinically observed 
that the use of the nonspecific immunotransfusion seems to facilitate resolu- 
tion or localization of the infective foci. 

Hemography was used in these cases as being the best indicator of the 
course of the infection and the intervals at which transfusions should be re- 
peated This, in our opinion, is the best plan where daily hemograms are 
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pressure changes in the cnlerograph balloon permits a flexible connection be- 
tween cnterograph and recording surface. The cnterograpli is suspended above 
its segment from a horizontal rod by means of a long string, and is thus able to 
move"freely with mass shifting of position of the segment. Such an arrange- 
ment is of considerable value in recording the large intestine, where the powerful 
longitudinal contractions of the distal segment may drag the entire colon anal- 
ward (Lawson and Templeton, 1932). With three enterographs attached longi- 
tudinally along the colon, fixed levers toward the anus, it has been possible to 
obtain strong longitudinal contractions in one segment without change in the 
records of adjacent segments. The enterographs can he attached longitudinally, 





Fig. 3 . Fie. 4 . 


Fig. 3. — Fluid electrode. A hard rubber rod 4 cm. long and 1 cm. in cross-sectional diam- 
ater is drilled for half its length to form a thin-walled vial. The remaining length of the 
rod is drilled with two small drills placed side by side to form smaller channels connecting with 
the vial. (Only one of these is seen In the profile view.) An oblique saw cut opens the two 
channels about 1 cm. from the bottom of the rod. Enamelled copper wires are led through 
openings near the top of the vial, and are soldered to silver electrodes which are fixed with 
cement at the bottom of each channel. A sleeve of hard rubber slips down over the oblique 
slit, covering all except the lower extremities. A notcli in the lower edge of the sleeve may be 
rotated into position to permit the occlusion of one extremity while the other is left open, so 
that the electrode may be applied to either the intact nerve, or to the stump of the divided 
nerve. 

Fig. 1, — Neurotonic. A steel rod about 3 mm. in diameter is fitted loosely into a length 
of brass tubing. A small strip of spring steel Is soldered obliquely to the lower end of the 
tubing so as to project about 5 mm. beyond its end. The free edge of the spring steel Is sharp- 
ened to a knife edge. The inner rod is ground flat on one side to slip past the knife and is 
slotted Obliquely far bolding the nerve. After the nerve is inserted in the slot, the rod is drawn 
up until Its lateral opening is blocked by the knife. The nerve is divided by drawing the rod 


circularly, or crossed on the same segment for studying longitudinal-circular 
relationships. The placement of fulcra for the levers is such as to leave an open 
space between the fixed and the movable lever to facilitate crossing the entero- 
graphs in the latter type of recording. 

For stimulation of visceral nerves in the fluid-filled belly, two types of 
shielded electrodes were employed. The earlier type is suitable for occasional 
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FURTHER NOTES ON ENTEROGRAPH] C TECHNIC* 


With Special Reference to the .Study oi- Innervation 


Hampden Lawson. Pii.I)., Louisville, Kv. 


I N 1932 Templeton and Lawson published a description of technic used in 
recording movements of the large intestine in unancsthctizcd, trained dogs. It 
subsequently became necessary to modify some of the reported methods for use 
in an investigation of the extrinsic nerves of the large intestine in anesthetized 
animals with the viscera exposed. All the apparatus described can be built in 
the average modestly equipped shop. 




Fig- 1* — Enterograph. The bell-shaped receptacle for the recording balloon is made by 
hammering out a Harvard ring tambour. Tiie fulcrum for the movable lever and the binding 
post for holding the fixed lever are soldered to the ring across its diameter. A ratio of 3:1 be- 
tween force and weight arms of the movable lever gives a magnification of approximately three 
times in the record, with a balloon of 20 c.cm. volume, and a manometer with a bore of 1 cm. 
The serreflnes were made from weaving needles. 

Fig. 2. — Shielded metal electrode. The construction is explained in the text. 


For recording the muscular activity of the colon, an enterograph was made 
for attachment by means of serreflnes to the outside of the exposed segment. 
The new feature in this enterograph is the conversion of movements of the levers 
attached to the gut into pressure changes in a condom balloon, allowing mano- 
metric recording of motility (Fig. 1). The conversion of lever movements into 
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A GRAVIMETRIC METHOD OP DETERMINING OXYGEN 
CONSUMPTION IN MAN* 


J. P. I-Iettwer, Ph.D., Milwaukee, Wis. 


I N TEACHING students the principles of the various methods of measuring 
gaseous metabolism in man, the laboratory exercise commonly provides for 
comparison tests with open and closed circuit volumetric apparatus. For a 
more complete survey and to show fundamental relationships it has often seemed 
desirable to include a gravimetric measurement of oxygen consumption. This 
generally requires a special and costly balance for the weighing of a metal 
cylinder of compressed oxygen. In the apparatus here described the oxygen, 
at atmospheric pressure in a light, flexible rubber bag, is weighed on an ordi- 
nary prescription balance. By properly utilizing the rebreathing method, par- 
titioning valves or electric impeller are obviated. A year’s experience with the 
apparatus seems to indicate that the factors emphasized form convenient start- 
ing points for student laboratory discussion and probably stimulate increased 
interest in the subject of general metabolism. 

A diagrammatic sketch of the apparatus is given in Fig. 1. In principle, 
the subject rebreathes through a small soda lime chamber close to the mouth, 
the oxygen-rich air in a can for a convenient length of time. Two rubber bags, 
containing pure oxygen and communicating only with each other, one sealed 
inside the can and the other exposed outside, together act as expansion chamber 
in place of a spirometer bell. There are, therefore, two separate gas systems, 
the can, soda lime chamber and subject on the one hand, the two rubber bags 
on the other hand and the latter is adequately responsive to any volume change 
in the former. Before beginning a test most of the oxygen of the bag system 
is in the outer bag. As oxygen consumption from the can proceeds during a 
test period the inner bag unfolds and the outer refolds; that is, oxygen from 
the outer bag gradually passes into the inner bag. The difference between the 
oxygen content of the outer bag at the beginning and at the end of a test period 
is a measure of the oxygen consumed or withdrawn from the can. This differ- 
ence is determined by weighing the outer bag before the beginning and after 
the end of the test period. 

Rcbreathing of oxygen or oxygen-rich air from which the carbon dioxide 
is constantly abstracted may he considered entirely safe for short-period obser- 
vations if the absorbent chamber is small, of copper construction for high emis- 
sivity of heat, filled with low alkali soda lime (Wilson’s) and placed very close 
t0 tllG mouth - 0nc of thc essential features of Jackson’s closed system of 
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stimulations, and is recommended for this purpose by its simplicity. It was con- 
structed by cementing a grooved bard rubber block of the conventional type, with 
the electrodes exposed at the bottom of the groove, to one jaw of a small bulldog 
artery clamp. A soft rubber ring cut from tubing, slips over the opposing jaw 
of the clamp, and holds the nerve against the metal electrodes (Fig. 2). Pres- 
sure against the nerve is adjusted by means of a metal ring, moved along the 
handle, which forces the jaws of the clamp apart. Diffusion is limited by thread- 
ing the nerve through a pinhole in a large square of condom rubber, which is 
then tied in the form of a sac about the electrode and contained nerve. 

For repeated stimulations over long periods of lime, where the preservation 
of irritability of the nerve was to be insured, fluid electrodes modified from the 
type described by Brown and Gariy (1932) were employed. The modification of 
their electrode is justified by the greater ease with which the nerve can be in- 
serted, and by the fact that the modified electrode can be used on the intact 
nerve. The modified electrode is essentially a small hard-rubber vial which the 
nerve enters through an oblique slit. The slit is then occluded except for its 
extremities, which arc occupied by the nerve, by means of a sleeve which is 
moved downward over the slit. For use on the divided nerve, the sleeve is ro- 
tated so that a notch in its lower edge coincides with the extremity occupied by 
the entering nerve. On being slipped down, the sleeve now occludes the entire 
slit except for this opening, and the nerve is anchored within the. vial by means 
of its holding ligature, bound between the sleeve and the wall of the vial (Fig. 
3). The electi’ode is vaseline sealed, filled with saline, and stoppered. 

For dividing nerves during the course of the experiment without disturb- 
ing the viscera, special neurotomes were constructed. Their principle is that of 
the cutting ligature. Their advantage lies in the fact that they produce less 
trauma, and that the division is made much more certain (Fig. 4). 
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when the humidity of the room air is exceedingly low. The former is ade- 
quately eliminated by having doors and windows closed and not making any 
rapid movements during the actual weighing. The possible error due to electro- 
static charge on the bag is minimized to negligible proportions by mounting the 
balance in such a way that the suspended bag is at least 50 cm. from the nearest 
massive object such as wall, table, bed, chair, etc., and by the observer himself 
standing at least the same distance away from the bag while watching the 
pointer and scale of the balance. 

Technic of an Experiment . — The procedure in handling the apparatus is 
the following : 

a. After the apparatus is perfectly equilibrated to room temperature on a 
table next to and of the same height as the bed, the %- inch 3-way valve is 
opened to the oxygen can. The empty rubber bag is attached to the nipple on 
the opened shut-off valve. Care should be exercised in handling the can and 
bag to transmit as little body heat as possible. 



b. By means of the 3-way oxygen distribution stopcock, supply oxygen is 
introduced into the can allowing an escape through the soda lime canister for 
two or three seconds. The Mi-inch 3-way valve is then closed to the can and 
more oxygen allowed to enter, thus deflating the inner bag and unfolding the 
outer one. When the outer one no longer enlarges, the supply gas is stopped. 
If the apparatus has not been used for some time, it is well to remove the outer 
bag at this time, empty and reattach it. 


c. The 3-way distribution valve is now turned and supplv oxygen allowed 
to enter the bag system. It will pass only into the outer bag and ‘when that is 
un folded to about three-fourths capacity (about four liters) the gas is stopped. 

d. The M;-inch 3-way valve is then opened to the can momentarily allowing 
any pressure within to drop to zero. When the outer bag just begins to <mt 
smaller the valve is closed to the can again. Also the shut-off valve is now closed. 

c. Next, the outer bag is clamped close to the nipple, detached, suspended 
on the balance placed nearby and weighed to a fineness of 5 mg. At least five 
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anesthesia (Jackson, 19] S) adapted by "Waters for human anesthesia (Waters, 
1932) is rebreatlung under tiie.se conditions. Ga.s analyses by Waters showed 
that with only 500 gm. of Wilson's soda lime 4-S mesh, close to the mouth, a 
patient could rebreathe oxygen from a rubber bag for one-half hour without a 
trace of carbon dioxide appearing in the bag. To increase the margin of safety 
and also to have the interspaces between the soda lime granules approximately 
equal to normal tidal air, the soda lime canister is made to hold about. COO gm. 

It will be noted that by having screen thimbles in inlet, and outlet tubes, 
the soda lime canister does not require a screw-cover. The tubes themselves are 
placed at diametrically opposite sides whereby a simple rotation of the canister 
provides for about 10 cm. of height adjustment of the mouthpiece in arranging 
the apparatus to the subject. The two movable junction points are cov- 
ered by a short piece of %-inch rubber tubing, wired at one end and clamped 
at the other, after the height adjustment has been made, by an ordinary small 
radiator hose clamp with wing screw. 

The oxygen can has a capacity of about 8 liters so that the inner rubber 
bag can unfold freely and completely. A two-gallon gasoline can is easily 
adapted to the purpose. Molten lead covered by a layer of pai’affin is poured 
into the bottom to counterbalance the weight of the soda lime canister and 
tubing which extend about 50 cm. from the side of the can. 

The %-inch, 3-way, 3-port valve serves the usual purpose of such a valve 
in a closed system, namely, of permitting the subject to breathe outside air for 
a few minutes before the actual test period. A small feather attached to the 
side opening facilitates gauging of the right moment to turn the valve. The 
position of the valve should really be between mouthpiece and soda lime canister. 
However, reaching out in front of the subject to turn the valve may alter the 
breathing and so introduce an error. Of course, attachments could be made to 
operate the valve from a distance. 

The two lubber bags are alike holding (5 liters when unfolded but not 
stretched. Breathing bags made for the Waters’ anesthesia apparatus, weigh- 
ing from 75 to 100 gm. each, serve well enough, although, presumably, lighter 
and equally durable bags can be manufactured. The neck of the inner bag is 
wired to the tube passing through the screw-cap into the oxygen can. The 
neck of the outer bag is slipped or stretched over the chromium plated nipple 
projecting from the %-inch shut-off valve. An ordinary pinehcock (Day’s) 
serves to close the opening of this bag before it is detached for weighing. 

Weighing of the oxygen bag presents no great difficulty. The bearing 
and beam of an inexpensive student or prescription balance, having a sensi- 
bility of 5 mg. and a capacity of about 100 gm., is removed from its base and 
suitably mounted by clamps and long T-arm on a laboratory stand. By means 
of a small loop of wire attached to the pinehcock, the oxygen bag is suspended 
from the hook at one end of the beam while at the same time a combined scale 
pan and tare weight is suspended from the hook at the other end of the beam. 
Only fractional metric weights are needed to complete the weighing. 

Two sources of error in weighing require attention. One is due to strong 
currents of air in the room and the other to electrostatic charge on the bag 
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gases, the weight of a liter of humid air, that is, its specific gravity, S' E , is given 
by the following : 

p _ h SMi P - 0.376h 

S * = ‘760(1 + 0.00367t) + °' 6 " ‘ 760(1 + O.OOSeTt)^ S °*760(l + 0.00367t) 

where li is the partial pressure of the water vapor at temperature, t. If now 
the proper equivalents of Se, S e , V e , S 0 , and So are substituted in (1), then, 


Vo = 


Pw 

0.136P + 0.486h 


(3) 


which takes into account the humidity of the room air. 


For convenience the basic expression (2) is retained and a humidity cor- 
rection factor, f, determined so that, 


V 0 = f . 


w 


0.136 


( 4 ) 


The way P appears in expression (3) it will suffice to assume a mean barometric 

pressure, say 745 mm. Hg, so that on solution: f =- lAxTr W 

1 ’ J • 1 + 0.0048h 


Considering the depression of a wet bulb thermometer when whirled to 
provide a motion of at least three meters per second, as an adequate indication 
of the humidity and taking the corresponding value of h from standard psy- 
ehrometric tables, the humidity factor f for a probable range of room tempera- 
ture from 16° to 30° C. has been calculated. These factors comprise the body 
of Table I. 


Table I 

Factors, Corresponding to Room Temperature and Depression of the Wet Bulb Ther- 
mometer, Which When Multiplied by the Apparent Weight in Boom Air of 
the Oxygen Consumed, Give Its Apparent Weight in 
Absolutely Dry Air 
Depression of Wet Bulb Thermometer 
t° - t° C. 


DRY BULB 

t° c. 

; 1 ° 

2 ° 

3° 

4° 

5° 

6 ° 

7° 

8 ° 

9° 

10 ° 

11 ° 

12 ° 

13° 

14° 

16° 

0.95 

0.95 

0.90 

0.9G 

0.97 

0.97 

0.98 

0.98 

0.99 






18° 

0.94 

0.94 

0.95 

0.95 

0.9G 

0.97 

0.97 

0.98 

0.98 

0.99 





20 ° 

0.93 

0.94 

0.94 

0.95 

0.95 

0.96 

0.96 

0.97 

0.98 

0.98 

0.99 




22 ° 

0.92 

0.93 

0.93 

0.94 

0.95 

0 95 

0.9G 

0.96 

0.97 

0.97 

0.98 

0.99 



24° 

0.91 

0.92 

0.92 

0.93 

0.94 

0.94 

0.95 

0.96 

0.96 

0.97 

0.97 

o.oa 

0 og 


2 G° 

0.90 

0.91 

0.92 

0.92 

0.93 

0.94 

0.94 

0.95 

0.95 

0.96 

0.97 

0 07 

0 08 


28° 

0.89 

0.90 

0.90 

0.91 

0.92 

0.93 

0.93 

0.94 

0.95 

0.95 

0.9G 

n 07 



30° 

O.SS 

0.89 

0.89 

0.90 

0.91 

0.92 

0.92 

0.93 

0.94 

0.94 

0.95 

0.96 

0.96 

0.97 


The effect of humidity of the room air on the apparent weight of the gas 
becomes negligible if a gas is chosen having a specific gravity considerably 
higher than air, e.g., carbon dioxide, or considerably lower, e.g., hydrogen While 
it is feasible to use a gas other than oxygen in the bag system of the apparatus 
it means the availability and handling of an additional gas. For students hud 

:rrtr" ndpomt ' ,i prctcraMc 40 - ° si tamaiF 
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minutes should be allowed for the weighing. The bag is then reattached to the 
nipple, the pinchclamp removed and the shut-off valve opened. The apparatus 
is now ready for the actual test. 

f. The rubber mouthpiece is attached to the chromium plated copper elbow 
and the whole apparatus adjusted to the subject. Having applied the nose-clip, 
the subject is permitted to breathe through the side opening of the 3-way valve 
for a minute, or longer if necessary, to assure composure. 

g. At the bottom of an apparently normal expiration, the ^4-inch 3-way 
valve is quickly turned. At the same time a stop watch is started or the time 
noted to the second on an ordinary watch. 

h. As the test period approaches its end, the movements of the hag are 
observed together with the watch held near it and at the bottom of the expiration 
closest to the end of the period, the %-ineh 3-way valve is quickly turned again 
and the shut-off valve closed at once thereafter. If the respirations seem to be 
somewhat abnormal one may wait for a more favorable moment before ending 
the test and calculate accordingly. 

i. The subject is now freed. The bag is damped, removed and weighed as 
before. 


Interpretation and Calculation. — The following considerations apply. The 
difference between first and second weighing represents the apparent weight in 
air of the volume of oxygen withdrawn from the bag in the test period. Accord- 
ing to Archimedes’ principle applied to gases, the oxygen when weighed in air 
loses in weight an amount equal to the weight of the volume of air displaced. 
The real weight of a gas is equal to its volume times its specific gravity. If w 
is the apparent weight of the oxygen in air; V n . the volume of the oxygen as 
well as of the displaced air under experimental conditions ; Sr, the specific grav- 
ity of the oxygen; and S’ , the specific gravity of the air under experimental 
conditions, then, V E S E = w - V K S' 

whence, V E = — — - ( 1 ) 

S E - Sr 

P 

The volume of a gas at standard conditions is: V 0 — Ve . ruwrrv n 

iOU( 1 + u.uuobft ) 

and the specific gravity is: S„ = S E . — - 1 + w hcrc p a nd t are the 

experimental pressure and temperature respectively. If temperature and pres- 
sure are the same for the air as for the oxygen, substitution in (1) yields: 

Vo = 7; 777 . Taking S 0 as 1.429 gm. per liter and S,! as 1.293 gm., the fol- 

OO ^ o 

lowing basic expression is obtained : 


V 0 = 


w 

0.136 


(2) 


However, while temperature and total pressure are the same for the air as 
for the oxygen, one cannot neglect the partial pressure of wa ter vapor in the 
air and its effect in decreasing the specific gravity, since the density of water 
vapor is only 0.624 that of air. From the gas laws concerning the mixture of 
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safely disregarded, although it is well to know that its direction is also toward 
too low an estimate. 

Accuracy . — The alcohol check test (Carpenter, 1915; Carpenter and Fox, 
1923) has not been applied; hut the common method of testing by comparison 
with other apparatus of known accuracy on the same human subject has been 
used repeatedly. Table III gives typical results of comparison with the closed 
circuit volumetric laboratory apparatus. 


Table III 

Oxygen Consumption Per Minute 
Subject, Miss R. M. H. 


TIME 

APPARATUS 

0 2 PER MINUTE 



c.c. 

8:45 a.m. 

Gravimetric 

187 

9:30 

Gravimetric 

177 

10:00 

Volumetric 

189 

10:20 

Volumetric 

179 

10 :40 

Volumetric 

179 

11:00 

Gravimetric 

177 


Six consecutive tests under basal conditions were made on one subject, Miss 
It. M. H., who had had some experience on both types of apparatus and whose 
breathing record on the volumetric was exceptionally even so that the oxygen 
line could be drawn with confidence. The agreement is as close as can be ex- 
pected. The students have made many single comparison tests on normal sub- 
jects with no greater than 6 per cent disagreement. This is better than antici- 
pated. The greatest satisfaction to the teacher, however, lies in the healthy 
discussion on fundamentals, provoked by such comparison tests. 

Undoubtedly the method has decided limitations. In the nature of it some 
care must be exercised to secure an adequate constancy of temperature, pres- 
sure, and humidity. Moreover, there is no graphic record of respiratory move- 
ments and all that that precludes. This is no disadvantage from a teaching 
standpoint when the apparatus is used by students in comparison testing with 
graphic volumetric apparatus. As far as accuracy is concerned, it is to be 
recognized that in either method the degree of expansion of the hums of the 
subject is an uncontrolled factor. 

It may be*mentioned here that the apparatus and gravimetric method can 
be adapted to serve for the determination of lung volumes, particularly residual 
air, thereby obviating. the usual gas analysis. A report of this method will be 
given in another paper. 

SUMMARY 


An inexpensive apparatus for the gravimetric determination of oxygen con- 
sumption in man, adequate for student laboratory comparison tests with volu- 
metric types, is described. In principle, the subject rebreathes the oxvgon-rieh 
air in a can through a small soda lime canister placed close to the mouth V 
light flexible rubber bag scaled inside the can communicates with a similar one 
outside containing oxygen. The two together act as expansion chamber in ph.ee 
ot a spirometer hell but form a separate gas system. The difference between 
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The desired end-result is. therefore, conveniently calculated on the basis of 
expressions such as the following : 

Liters 0„ per test, period = f — 7.353 . f . \v 

r\ ‘ i <3o.i 

e.c. 0. per inmute = — T . — 

Time(;,v 

n , , , 354. 7 S . 

Calories per sq. meter per hr. = -- — - - - - 

/Basis of six minute test and\ 130(lv 

Vcalorific value of 0^ = 4.825/ 

It is not difficult to prepare a height-weight table in which not the actual body 
surface is given but 354.7S divided by the surface for each height-weight com- 
bination. Or, given the body surface, one may find in Table IT, 354.78 divided 
by the surface which is then simply multiplied by the corrected weight differ- 
ence. The students arc, of course, encouraged to make the calculation step by 
step in both gravimetric and volumetric methods. 



Taiu.k II 

Factoks, CoimEsroxnixti to Body Surface in Sq. Mktf.ks, Which War.x Multiplied iiv the 
Apparent Weight ix Air or the Oxygen* Cox: shaikh Corrected rot: Humidity 
of Koom Aik, Give tiif. Calories Per Sq. Meter Per Hr. ox 
the Basis of a Six-Mixute Test Period 



Factor — 

4.S25 x 
0.136 x Body 

10 

Surfaci 

_ 354.78 f W 

Body Surface 



BODY SURFACE 
SQ. METERS 

0.00 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.00 

1.20 

206 

204 

201 

2 SO 

2S6 

283 

2S1 

27.0 

277 

275 

1.30 

273 

271 

200 

207 

205 

2G3 

261 

250 

257 

255 

1.40 

253 

252 

250 

24 S 

247 

245 

244 

242 

240 

°°»0 

1.50 

237 

235 

234 

232 

231 

OOf) 


226 

225 

223 

1.60 

222 

220 

219 

21S 

216 

215 

214 

213 

211 

210 

1.70 

200 

20S 

200 

205 

204 

203 

202 

200 

190 

10S 

1.80 

107 

106 

195 

194 

103 

102 

101 

100 

ISO 

1SS 

1.00 

187 

ISO 

1S5 

1S4 

1S3 

1S2 

1S1 

ISO 

170 

17S 

2.00 

177 

177 

170 

175 

174 

173 

172 

171 

171 

170 

2.10 

109 

1GS 

167 

167 

166 

105 

104 

164 

163 

162 

2.20 

161 

161 

100 

150 

15S 

15S 

157 

156 

156 

155 

2.30 

154 

154 

153 

152 

152 

151 

150 

150 

140 

14S 


There are several sources of error that operate in the reverse direction to 
humidity of the room air, that is, result in too low an estimate of oxygen con- 
sumption, if neglected. The method assumes that there is no change of tem- 
perature, pressure, or humidity within the closed systems during the test period. 
"While temperature and total pressure do practically remain constant, it. is clear 
that, with only Wilson’s soda lime in the canister, there may be a considerable 
change of water vapor in the can. It is important to minimize this change 
either by adding a layer of calcium chloride to the soda lime in a larger canister 
or by keeping a small quantity of sterile water in the bottom of the oxygen can. 
Neither method is probably completely effective (Roth, 1922) ; but in any case, 
the error assumes negligible proportions. Finally, there is the fact that ordi- 
nary supply oxygen contains impurities, particularly nitrogen, which make its 
specific gravity somewhat, less than the assumed 1.429 gm. The error may he 
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ROBINSON-BARBER : 


thermal control op infusions 


description op the apparatus 

The objective was to deliver the solution through the needle into the cir- 
The o ticct' e temperature and to maintain this temperature at 

the bourse of the infusion. To this end the ap- 
paratus described below was constructed. Briefly, it consisted of a water- 
bath the temperature of which was automatically controlled into which tie 
sterilized intravenous jar could be inserted and removed following the in- 
fusion The apparatus was built on a portable stand (Pig. 3). This principle 
is believed not to have been described heretofore for the particular purpose 

involved. 




Fie. 3. 


The water-batli consisted of a glass jar of one gallon capacity, the bottom 
of which had been removed. This jar was mounted on the support in an in- 
verted position and held by a strip of brass soldered to the bottom of the lid 
which had been screwed in place. A brass tube passed through the center of 
the lid and, surrounding it, a specially shaped rubber stopper was fitted. This 
in turn received the conical end of the infusion jar which was clamped down 
on the stopper by a screw clamp which fitted over the neck of the jar above 
(Pigs. 1 and 2). There was provided thus a water-tight compartment, the 
water-batli, which surrounded the infusion jar. A thermometer and a me- 
chanical mixer which kept the water in constant motion were suspended in 
the water. A new principle was employed in this mixer in that the sharp edge 
of the blade, which consisted of a piece of tin. cut the water by a to-and-fro 
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the content of the outer bag before and after the test period is a measure of the 
oxygen consumed from the can and is determined by weighing the bag on an 
ordinary prescription balance. An interpretation of the observed weight differ- 
ence in terms of volume is made and a suitable correction factor for humidity 
of the room air calculated. The accuracy is approximately that of current 
portable closed circuit volumetric apparatus. 
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AN APPARATUS FOR THE THERMAL CONTROL OF SOLUTIONS FOR 
INTRAVENOUS ADMINISTRATION* 


J. B. C. Robinson, and A. S. Barber, London. Canada 


D URING the course of a recent investigation concerning certain practical 
aspects of intravenous therapy as employed in routine hospital practice, 
an apparatus was devised for the purpose of maintaining the temperature of 
an infusion at a constant level. This device has proved sufficiently useful to 
warrant the presentation of a description of it. 

The idea of attempting to regulate the temperature of fluids entering the 
veins of patients is by no means new. For example, Penfield and Teplitsky 1 
recommended that the rubber tube leading from the infusion jar to the needle 
be suspended in a water-bath heated by means of a copper bar, one end of 
which protruded from the side of the bath over the flame of an alcohol lamp. 
Hendon 2 used a thermos bottle as a container for the fluid. Watson 3 led the 
connecting tube through a water-bath heated by means of an electric light 
bulb immersed in the water, the current being regulated by means of an 
electrically controlled thermostat so adjusted as to maintain the desired tem- 
perature. Titus and Dodds 4 devised an electrical heating unit which sur- 
rounded a glass tube through which the liquid flowed to the needle. Mul- 
holland 5 placed hot water bottles around the container and the delivery tube. 
Perlsteiu 0 interposed between the rubber connecting tube and the needle, a 
glass tube which was strapped to an electric curling tong. Morrison 7 merely 
suspended the container of the fluid in a specially constructed wooden box in 
which were mounted several electric light bulbs. 


•From the Clinical Laboratory, Victoria Hospital. 
Received for publication, June 25, 1934. 
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which result in a marked brittleness of the tissue. The tissue is fixed for 
forty-eight hours and washed in running water for twenty-four hours. 

Staining . — Paraffin sections from 6 to 8 micra thick are brought down to 
water. The sections are stained as follows : 

1. Immerse in 0.25 per cent aqueous aniline blue from sixty to ninety sec- 
onds. The basophile cells are stained a deep blue, while the rest of the tissue 
is stained a very faint blue. 

2. Wash in tap water one-half minute. Excessive washing will remove 
the dye from the basophiles. 

3. Immerse in Mayer’s hematoxylin ten minutes. 

4. Wash in tap water from two to three minutes. 

5. Immerse in van Gieson’s mixture from sixty to ninety seconds. The 
mixture is made up by adding 5 c.c. of 2 per cent aqueous acid fuclisin to 
100 c.c. of saturated aqueous picric acid. Excessive treatment with van 
Gieson’s mixture will result in a greenish blue coloration of the basophiles. 

6. Wash in tap water one minute. Prolonged washing will wash out the 
van Gieson stain. 

7. Transfer sections to 95 per cent alcohol one minute. 

8. Dehydrate in absolute alcohol from two to three minutes. 

9. Clear in xylol. 

By this method the various cellular elements of the human hypophysis are 
sharply delineated and clearly defined from one another. Nuclear chromatin 
is stained a purplish brown. The beta (basophilic) granules are stained a 
dark blue and appear in sharp contrast to the alpha (acidophilic) granules 
which stain an olive green. The cytoplasm of the chromophobe cells has a 
light grayish blue color. Red blood cells stain bright yellow, which adds 
considerably to the ease of studying the sections, especially in glands that 
show congestion of the blood vessels. The colloid in the anterior lobe stains 
a variety of colors, varying from yellowish to purple. The colloid in the pos- 
terior lobe stains light blue. 

Dense collagenous fibers stain deeply with the acid fuclisin, while loose 
collagenous connective tissue stains lightly either with aniline blue or with 
acid fuchsin. The capillary walls stain a sharp blue. The stained sections 
possess a good degree of optical translucency which was not obtained with 
several of the published stains for the hypophj’sis. 

Stained sections that are now two years old have not shown any sig- 
nificant degree of fading. 
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motion and was kept in action by its attachment to the hammer lever of an 
electric bell. Two electrically heated curling tongs, the handles of which 
had been removed, were suspended also in the water-bath, one on each side 
of the intravenous jar. The current which supplied these heating elements 
was controlled by a mercury-toluol thermostat connected in series with a 
magnet operating a circuit breaker similar to the method described by Watson. 3 

The thermostat was so adjusted that the temperature of the water-bath 
remained at 41° C. This temperature was such as to maintain a temperature 
of 37.5° C. in the fluid as it flowed through the needle into the vein approxi- 
mately five feet below the jar. 

The authors rvisli to express their appreciation to Hr. K. M. Watson for his valuable 
suggestions. 
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A SIMPLE DIFFERENTIAL STAIN FOR THE HUMAN HYPOPHYSIS* 


Charles Spark, M.D.. New York, N. Y. 


T HE increased interest in the physiology of the hypophysis that lias been 
evidenced during the past decade has resulted in the publication of a large 
number of differential stains for the demonstration of the various cellular 
elements in the anterior lobe. 1 ’ 2> 3 ’ 4> = > G Romeis 7 lists eleven methods of stain- 
ing the anterior lobe of the hypophysis. However, the majority of the pub- 
lished methods are complicated and time consuming, and the results obtained 
are not constant, even for pituitaries of the same species of animal. 

For the past two years the author has obtained consistently satisfactory re- 
sults with a simple stain, the individual ingredients of which are available in 
any pathologic laboratory. The freshly fixed hypophysis of laboratory ani- 
mals does not stain with the same clearness as that of human glands fixed 
even twenty -four hours after death. 

Fixation. — Orth’s fluid (Muller’s fluid 9 parts, forinol 1 part) is superior 
to fixatives containing mercuric bichloride such as Zenker's or Ilelly ’s fluid 


•From Division of Laboratories, Monteflore Hospital. 
Received for publication, May 23, 1934. 
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number of trypanosomes inoculated and, to a certain extent, on tbe source 
and condition of inoculum. Guinea pigs and rabbits when inoculated with 
nagana blood, derived from a subspecies of Peromyscus mamculaius, died like- 
wise by nagana in due time. 

METHOD AND PROCEDURE 

1. One or two specimens, of a given subspecies of Peromyscus maniculaUis 
(preferably albino P. m. gambeUi), newly inoculated intraperitoneally are 
placed in a jar or Cage 1. 

2. After tbe animals in Jar 1 have been infected for about twenty-five 
days, two drops of their tail blood are taken into a syringe containing 0.5 e.c. 


Exmxioaui. tr. erbcei lararrioa in pifoutecoe lunicouius wean.' 

(ULTEOD OF KAIHTJ.1KUC TR. EPCCE1 STOCK 18 PtROWECOS JUSICtJUTOS.) 



Chart 1 . 


of physiologic salt solution and inoculated into two other maniculatus which 
are placed in Jar 2. 

3. After the lapse of about fifty days from the last inoculation, two drops 
of blood obtained from the tail of any previously inoculated animal are in- 
oculated in the mice in Jar 3. 

4. Following another fifty days or eighty days from the last inocula- 
tion, the mice in the fourth jar are inoculated with the blood obtained from 
the tail or heart of any of tbe previously inoculated animals. Usually by this 
time among tbe early specimens, one or two may hare died. If so then more 
specimens are inoculated to replace them. 




A METHOD OF MAINTAINING LABORATORY STRAINS OF 
TRYPANOSOMA BRUCEI IN A SUBSPECIES OF 
PEROMYSCUS MANICULATUS*t 


Ardzrooxv Packciiaxiax, Pii.D.. Axx Abhor, ATicrr. 


IXTRODUt’TIOX 


T HE laboratory stock ot' pathogenic trypanosomes sucli as Trypanosoma 
brucei and Trypanosoma evansi usually are kept in M ns musculus , Ballus 
raftus, Battus norvcyicus or in guinea pigs. The three former species of ani- 
mals when inoculated with Tr. brucei will die within about a week while the 
latter species will succumb to the disease within three to four weeks. When 
successive passages of trypanosomes from one animal to another of the same 
species are made this period is still shorter. The so-called “fixed virus” period 
of Tr. brucei for Mus musculus is about three days and for guinea pigs about 
eighteen days. 

In this paper the writer wishes to suggest another species of laboratory 
animal for maintaining parasitic strains of Tr. brucei, Tr. ccjuiperdum, and 
Tr. evansi, a method both inexpensive and time saving. 

In previous studies , 0 - 7 the writer has shown that when various subspecies 
of Pcromyscus maniculalus were inoculated intraperitoneally with our strain 
of Tr. brucei the parasites appeared in the circulation of these animals within 
two or three days. Their number increased gradually until they were very 
numerous, then they more or less suddenly disappeared from the circulation. 
This first crisis and the subsequent short latent period were followed with a 
relapse of trypanosomes. Their number increased again until the blood of 
the animals was swarming with them. Occasionally an animal died at this 
stage, but, in the majority of animals the relapse was soon followed by an- 
other crisis. The process of frequent crises and relapses followed each other 
in a more or less regular manner for a number of times, until finally the last 
relapse of trypanosomes killed the animal. From the first sign of infection 
until the death of the animals their blood was infective and fatal to suscepti- 
ble animals, sucli as Battus norvcyicus (laboratory white rats), Baitus raltus 
and Mus musculus (“house mice” and so-called “laboratory white mice”t) 
killing them within five to fifteen days. The time element depended on the 


•From the Hygienic Laboratory, University of Michigan. 

Received for publication, May 7, 1934. 

iManiculatus represents a species of American deer mice genus Peromyscus. Numerous 
subspecies of ManicuUiltts are -widely distributed in their natural habitation on the North Ameri- 
can continent.*- 

t "White mice" in the past has referred to the albino mutan of il/iis musculus. This term 
is no longer descriptive, for ave have albino mutan of P. maniculatus gambelii. The albinism 
of this strain is tvpical and complete, genetically it is a simple recessive. This strain can be 
reared in the laboratory Indefinitely. 10 Experimental nagana in albino P. m. gauibchi and in 
albino Hus musculus is distinctly different. 0 . 1 
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cover from the disease, nor is there any indication that they attenuate the 
parasite to any great extent. Various hybrids of F,^ generation between sub- 
species of inwniculatus reacted to the disease as their parents. However, a 
small percentage of hybrids (F,) from the mating of P. m. rnfinus male with, 
P. m. gambelii female, show more resistance to Tr. brucci than any subspecies 


hybrid latent period of trypanosomes is very 
to demonstrate the parasites microscopically, 
imal inoculations, and it is, therefore, evident 
F 1 generation) between closely related sub- 
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Table I 

ima Brucei for “P. m. gambelii’ 


Colored 

10 

Colored 

11 

Albino hairless 

1 

Albino hairless 

2 

Albino hairless 

3 

Colored hairless 

1 

Colored hairless 

o 

Colored lmirloss 

5 

Colored hairless 

4 

Colored hairless 

5 

Colored hairless 

G 

Colored hairless 

7 

Colored hairless 

8 

Colored hairless 

9 

Colored hairless 

10 

Colored hairless 

11 

Colored hairless 

12 

j Colored hairless 

13 


DATE OF INOCU- 
LATION with: 
Tr. brucei 

FATAL- 
ITY IN 

DAYS 

2/18/33 

90 

2/18/33 

93 

2/18/33 

67 

2/18/33 

23 

2/18/33 

121 

2/18/33 

71 

2/18/33 

81 

2/18/33 

43 

2/18/33 

57 

2/18/33 

232 

2/18/33 

108 

4/26/33 

86 

5/10/33 

70 

5/19/33 

61 

6/23/33 

55 

6/23/33 

44 

10/19/33 

73 

10/19/33 

75 

11/ 8/33 

83 

1/ 2/34 

36 

7/28/31 

98 

7/28/31 

39 

3/19/32 

108 

2/ 7/33 

98 

2/ 7/33 

34 

2/18/33 

50 

2/18/33 

50 

2/18/33 

90 

2/18/33 

80 

2/18/33 

132 

2/18/33 

132 

2/18/33 

10 

2/18/33 

27 

2/18/33 

62 

2/18/33 

198 

2/18/33 

125 

2/18/33 

144 

2/18/33 

152 

2/18/33 

54 

2/18/33 

34 . 

2/1S/33 

30 

2/18/33 

2S 

2/18/33 

32 

2/18/33 

84 

2/18/33 

90 

2/18/33 

101 

2/18/33 

207 


In the blood of 
every animal, one 
time or anoth- 
er, trypanosomes 
have been demon- 
strated micro- 
scopically. The 
crises and re- 
lapses of trypan- 
osomes were 
noted to occur 
frequently. 


During the 
progress of dis- 
ea s e whenever 
two drops of tail 
blood from P. m. 
gambelii were in- 
oculated into sus- 
ceptible animals, 
they invariably 
contracted the 
infection and 
died in due time. 
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It is desirable that frequent tail blood examinations and occasionally 
susceptible animal inoculations be made as long as the P. m. gambelii are 
alive, and that the results be recorded. 

EXPERIMENTAL DATA 

Charts 1 and 2 are representative of experimental nagana in nine subspecies 
of maniculatus thus far studied, i.e., P. m. artcmisiac, P. m. bairdii, P. m. 
blandus, P. m. gambelii, P. m. hollcstcri, P. m. osgoodii, P. m. rubidus, P. m. 
rufinus, and P. m. sonorensis. 

Table I represents duration of nagana in P. m. gambelii (colored, albino 
and hairless). 


nPEAIKTSTi' 7*. epTCTt ItnCTIO* JJ mCTTTCCS BJJICTUTrS iUIfCS 


tads* 

rs-i 

lose. »ith Tr. brue* 
C*c.9,l932 


Iboc. with 2 drop* Uood 
obUletd fn» t*il ' 


f-*t (lUttas C3rr«ttcuj) 
7»11 fcl^od positive 

14 dtp* 


Iffoe. rtth 2 drop* blowi 


tit ruicului 
39-3 

7*11 blood pot. 
OttdlOdtyt 


lcoc. with 7 drop* tlood 


P.b. tlmiu* 
77-1 

I T«tl blOOd po*. 
1 t>«d 76 dtp* 


Inoc. wi th 2 drop* blooq 


~C*e.W,l9J2« 1 trrp.rcr 53 
, Bic.ruid 

— r*e.l6,1932-l/53 

-r*c.?l,l93:- 5 tr77*. 

(12 dipt) 


—O'/®.!, 1933-100 trryt.p.e.f. 

(26 dtp*) 


-Jm. 20, 1933- 1 trjp. pwr 10 


r#K 3.1933*n»» fotssd 

(56 Cijt) 




Rut Eutculus 
33-2 

. 7* 11 blood pot, 
[Tetd 11 dtps 


j Ptb.21,1933- 1 trrr. p*r 5 v.t. 

1 tT7F * vtr e ’ r ’ 
—-F«b. 77, 1933-flan* roend 

trjT * r* r 20 *.r 

(85 d*pt) 

7,1933- 1 trpp. p*r 20 n.t 


*ar. 9,1933-C*v5. 
rufatlcs of dlzrtsr brief b**a 
90 dtps. 

Chart 2. 


For the details regarding the relative duration of the disease in various 
species of Peromyscus, the reader is referred to the previous works. 6, 7 

DISCUSSION 

The method of maintaining Tr. brucei in a subspecies of Peromyscus 
maniculatus (American deer mice), is based on several hundred animal inocu- 
lations extending over three years. In choosing a species of mice ( Pero- 
myscus ) for the keeping of the laboratory stock, one has to take into con- 
sideration the following: 

A subspecies of maniculatus should be chosen in which Tr. brucei can be 
kept for a fairly long time, but a subspecies in which the trypanosome will 
eventually terminate the life of the animal. In this regard care must be taken 
to avoid obtaining a subspecies in which the parasites, after successive pas- 
sages, will be gradually attenuated. We have at present no evidence that 
any subspecies of maniculatus, once inoculated with Tr. brucei, will ever re- 
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species such as P. in. rufinus male with P. in. (jambelii female, add to the vigor 
and increase resistance to this particular infection. For this reason it is not 
advisable to use hybrid offspring for maintaining pathogenic trypanosome 
stocks, because it is not known how far Tr. brucei may be modified during its 
indefinite sojourn in a given hybrid offspring. 

The “ideal” type, therefore, is one in which the length of the Tr. brucei 
infection, after successive passages, remains approximately the same, but which 
always, of course, ends in the death of the animal not sooner than two or 
three months. In this “ideal” type the trypanosomes must be detectable in 
the circulation of the animal in sufficient number at frequent intervals and 
should not loose their pathogenicity to laboratory animals, such as rats and 
rabbits, any more than if the stock were kept in guinea pigs. 

If the stock of Tr. lintcei is kept in the following species P. calif ornicwi 
californicus, P. c. insignia, P. eremicus mil hong i, P. c. crcniicus, P. c. ferticucus, 
and P. polionotus polionolus, it will be just as expensive and time-consuming 
as if the strain is kept in Mils musculus, Mus buclrianus, or Rail us norvegicus. 
Experimental Tr. brucei infection in these species of animal is, as a rule, an 
acute, progressive and fatal disease, characterized by the constant presence 
of the parasites in the peripheral blood. Not a single animal of the above 
species survived longer than fifteen days. If one wishes or is compelled 
to maintain the stock of Tr. brucei in these species, the animal inoculations 
must be performed every two or three days. On the other hand if the strain 
is kept in Peromgscus leucopus noveboracensis there is greater danger of losing 
it because the majority of the mice of this species either recover from the dis- 
ease or alter the virulence of the trypanosomes to such an extent that the}' 
will produce the infection in rats, seldom or only after an extremely prolonged 
incubation period. This delayed test animal infection is particularly noticeable 
when the subinoculum is taken from the noveboracensis a few months after its 
initial inoculation. After the lapse of a longer period, about one hundred and 
fifty days, its blood usually is no longer infective to susceptible animals. Tr. 
brucei infection in a small percentage of P. leucopus noveboracensis animals is 
detectable even a year after initial inoculation, or subsequent reinoculations 
with Tr. brucei. For this reason it is considered an extra precaution for pre- 
serving the stock to inoculate a few P. 1. noveboracensis very heavily with Tr. 
brucei once every year. But it must be borne in mind, that not always can 
one resecure Tr. brucei from the individuals of this species a year after its initial 
inoculation. 0 ’ 7 

SUMMARY 

1. It is shown that, the species of Peromgscus maniculatus is a suitable 
animal for indefinite maintenance of laboratory stocks of pathogenic trypano- 
somes, such as Tr. brucei, and Tr. evansi, the minimum period of life being 
twenty-one days in a few instances. The maximum was two hundred and thirty 
days, while the general average was about eighty days. 

2. Tr. brucei during its sojourn in a subspecies of P. maniculatus was not 
attenuated to any extent and the blood of the animals from the first sign of 
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infection until death was infective and virulent to the susceptible animals, 
such as Battus nit t us, Battus norvegicus, and Mas musculus, killing them within 
five to fifteen days. 

P. m. artemisiae, P. m. bainlii, P. m. blancliis, and particularly albino P. m. 
gambelii are suggested as convenient and inexpensive animals for maintaining 
Tr. bntcei for the purpose of classroom teaching and for research. Other sub- 
species of maniculatus such as P. >n. osgoodii, P. hi. sonorensis , P. m. rubidus, 
P. m. rufinus, etc., likewise are suitable for maintaining the pathogenic stock 
of trypanosomes. 

I wish to express my sincere thanks and appreciation to Professor F. 6. Novy at 
the University of Michigan for his kind interest in this work. I am also grateful to Dr. Dee 
B. Dice and Dr. H. W. Feldman at the University of Michigan for supplying me with various 
species and hybrids of Peromyscus used in this investigation. 
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QUANTITATIVE DETERMINATION OP SUGAR IN TIIE URINE* 


An Office Test 


J. P. Koogler, M.D., and P. Stanley Morest, M.D., Kansas City, Mo. 


I T IS the purpose of the authors to make available to physicians a quantitative 
urinary sugar test, which can he performed quickly while the patient is in the 
office. Response to diabetic dietary or insulin, can be cheeked and intelligent 
instructions given. The test was not designed to compete with blood sugar 
determinations, or lengthy quantitative urinary sugar estimations made in hos- 
pital and commercial laboratories. It is not always feasible to subject diabetics 
to blood sugar examinations on every office visit. This modified Purdy’s method 
with its ease of performance, yet possessing the necessary sensitivity, finds its 
most extensive use in excluding the presence of pathologic amounts of sugar in 
routine urinalysis. Patients can determine the percentage of sugar in specimens 
passed two hours after meals, and bring reports to the physician. 

Purdy, 1 in 1889, formulated his test solution and method for the quantitative 
determination of sugar in the urine. According to Cummer 2 and Webster, 3 
Purdy’s solution is superior to any copper solution prior to, and including, 
Fehling’s formula. Objections offered to Purdy’s solution are instability and 
ammonia fumes. The solution keeps for months, but constant action of ammonia 
on cupric sulphate forms cupric ammonium sulphate, which eventually disinte- 
grates liberating cupric oxide as shown in the following chemical equations: 

CuSO, + 4NH.OII Cu(NH,),SO, + 411.0 
Blue cupric 
ammonium sulphate 

CuCNH^SO, + H,0 -> CuO + (NH,)jSO, + 2NII, 

Black Colorless 
cupric ammonium 
oxide sulphate 

To prevent instability, the original formula was modified by placing copper 
and ammonia in separate solutions. The two solutions, kept separately until 
required, remain stable indefinitely. Using 4 c.c. of test-solution, instead of 
35 c.c. as needed in Purdy ’s method, ammonia fumes are not offensive. 


Composition of Solutions . — 

Alkaline solution 

Potassium hydroxide 23.5 gra. 

Glycerin 3S.0 c.c. 

Strong ammonia (28.33%; U.S.P.; Sp. Gr. 0.9) 350.0 c.c. 

Distilled water qs. ad. 500.0 c.c. 

Copper solution 

Anhydrous cupric sulphate 4.752 gm. 

Distilled water, qs. ad. 500.0 c.c. 


•Received for publication, June 23, 1934. 
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Preparation of Solutions .— Alkaline solution is prepared* by dissolving 
23.5 gm. of potassium hydroxide in 100 e.e. of distilled water, then adding 38 c.c. 
of glycerin and 350 c.c. of strong ammonia. Distilled water is added to bring 

volume to 500 c.c. 

Copper solution is made by dissolving 4.752 gm. of anhydrous cupric sul- 
phate in 200 c.c. of distilled water, and adding sufficient distilled water to bring 
volume to 500 c.c. 

For convenience in the physician’s office, 120 c.c. (4 ounces) of each solu- 
tion can be made up and placed in glass stoppered bottles. The pharmacist veri- 
fies the quantitative accuracy as each new supply of solution is definitely stand- 
ardized so that 4 c.c. is reduced by 0.00229 gm. of anhydrous dextrose. A “trial- 
solution” containing 2.2 grains (0.45 per cent) of dextiose to an ounce of 
distilled water accompanies fresh amounts of test-solutions to the doctor’s office. 
It is preferable that another pharmacist make the “trial -solution.” The physician 
checks the correctness of test-solutions, since 4 e.c. is reduced by 0.5 c.c. of 
“trial-solution.” 



Procedure . — Into a test tube,** place 2 c.c. each of alkaline and copper solu- 
tion. A deep blue solution results. Heat the solution to boiling. The 1 c.c. 
pipette, t shown in the illustration, is filled with urinef to be tested. Slowly dis- 
charge the urine into the boiling test-solution drop by drop until the blue color 
begins to fade. Then add urine still more slowly, three to five seconds elapsing 
after each drop, until the blue color completely disappears, leaving the test-solu- 
tion perfectly transparent and colorless.§ 


The authors’ pipette is graduated so that each drop is % 0 c.c. 

Calculation.— The amount of urine required to reduce 4 c.c. of test-solution 
contains 0.00229 gm. of sugar. Percentage of sugar can be determined with the 
formula: 0.229 -s- X, where X represents number of cubic centimeters of un- 
diluted urine required to effect reduction. Example : 0.5 c.c. of undiluted urine 
is necessary to reach the end-point. 0.229 -i- 0.5 = 0.45 per cent. Urines reading 
Q- 2 Pgr cent or under, may be considered negative for glucose. 1 To secure quickly 


*®° lutions ar ® obtainable from J. E. Grinin, Apothecary. 216 East nth Street Kansas 
City, Mo., or may be prepared by a graduate pharmacist. • Kansas 

••A test tube previously scored with an ampoule file. Indicates the 2 c.c. and 4 cc marks 

Kuthcrford! t N. P jf Ctte ' X °' 20 - 5 — Sl,ccL ' u graduated in 0.05 (1/20) c.c., Becton, Dickinson & Co.. 

preservative! 011 5pccl,1,ens passe<1 two hours aftcr meals. to which toluene has been added as 

SlTpon standing, the test-solution again regains its blue color. This is due to reoxfdi?-,- 
tlon and should not be mistaken for Imperfect reduction or defect in test-solution. 
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the results of a test, consult Table I which gives amount of sugar in t he urine, 
both in percentage and in grains per lluidounce. 

Table t 


Ratios or Reduction Usino -1 e.c. or Test-.Soi,i;tkin 


DROPS 

(1 DUO I* = 0.0.1 C.C.) 

UNDILUTED UUINE 

PER CENT 

or SUGAR 

C.C. 

GRAINS or SI; (JAR 

PER OUNCE 

i 

0.05 

22.00 

■1.40* 

o 

0.10 

11.00 

2.20 

3 

0.15 

7.33 

1.47 

•1 

0.20 

5.50 

1.10 

.1 

0.25 

1.40 

O.SS 

ii 

0.30 

3.07 

0.73 

7 

0.35 

3.14 


8 

0.40 

2.75 

0.55 

0 

0.15 

2.45 

0.50 

20 

0.50 

2.20 

0.45 

11 

0..1.1 

2.00 

0.40 

12 

0.150 

1.83 

0.37 

13 

0.0.1 

1.00 

0.34 

14 

0.70 

1.57 

0.31 

15 

0.75 

1.4(5 

0.20 


♦When the percentage of sugar Is above 1. II), JIHite the urine with three volumes of 
water ami multiply table II gores by I. 


For practical purposes, a medicine dropper, which has been tested 5 * and 
found to deliver 20 drops of urine to a cubic centimeter, can be used to obtain 
accurate results. A 1 or 2 e.e. pipette, graduated in tenths, may be used. In 
either ease, the table of results prepared above is equally applicable, and elim- 
inates solving arithmetical problems. 

DISCUSSION 

The react ion t in which glucose is oxidized by cupric ions may be written as 
follows : 

cvn.A -r 2 Cu(oii)j -» cyi„o. + Cu.o + 211.0 
"lurose l ‘ upril ' gluconic cuprous 

” hydroxide acid oxide 

The cupric ion is the oxidizing agent, and is reduced to the cuprous state by 
glucose in the presence of alkali. Cupric ions in solution are in equilibrium with 
residual cupric hydroxide, which in turn may be regarded as existing in equilib- 
rium with ammoniacal copper. 

Decomposition of cuprous hydroxide to form cuprous oxide follows: 

2CuOII -> Cu_0 + ILO 
Red 
cuprous 
oxide 

Reduced copper, though very insoluble, is soluble in strong ammonia. This 
fundamental chemical fact is responsible for the colorless end-point. Reduced 
copper is not precipitated, but is held in solution by ammonia. The blue color 

♦Heat the tip of the medicine dropper and if the drops are too large, draw out tire 
tip of the dropper ; if too small, cut off the tip. 

tDr James C. Rice, instructor in chemistry at Kansas City Junior College, reviewed the 
chemical interpretations presented. 
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of the test-solution grows paler as the reduction takes place. When reduction is 
complete, the blue test-solution becomes suddenly decolorized but no precipitate 
appears. 

Urates may turn the test-solution a light greenish yellow, but this change is 
always accompanied by a ftocculent brown precipitate, or a finely divided white 
precipitate. In no way can such a change be confused with the transparent and 
colorless end-point produced by sugar reduction. The test-solution does not react 
with formaldehyde, albumin, uric acid, morphine, chloroform, aeetylsalicylic 
acid, or sodium salicylate. 

CONCLUSIONS 

These deductions are drawn from the experience gained in performing over 
3,000 quantitative sugar determinations with this method. 

1. When the end-point is reached, results are read directly from Table I. 

2. Small amount of solution and elimination of cumbersome apparatus make 
the test inexpensive. 

3. This method is rapid; the teehnie is simple; the solutions are stable. 

4. Diabetic patients can report percentage of sugar found in postprandial 
specimens. 

5. Advantages of sugar test herein outlined over Benedict’s method are: 
(a) More definite and sharp end-reaction ; (b) no loss of time waiting for solu- 
tion to cool in detecting the presence of 0.3 per cent sugar, or less; (c) short 
boiling time; (d) no bumping in tube; (e) no false positive reaction with 
phosphates, imates, morphine, and sodium salicylate; and (f) accuracy of test- 
solution easily checked. 

6. Its widest application is as a test to exclude the presence of abnormal 
amounts of sugar in routine urinalysis. 

T. First quantitative test offered diabetics that is practicable at home. 

8. The test is qualitative as well as quantitative. 

9. ,A method for quantitative urinary sugar determination is presented 
primarily as an office test, to aid physicians to better control diabetic dietary or 
the use of insulin. 
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A METHOD FOR OVARIAN TRANSPLANTATION ON RABBITS USED 
FOR THE ASCHHEIM-ZONDEK TEST FOR PREGNANCY* 


Kenneth C. Campbell, Marlboro, N. J. 


TN THOSE laboratories performing a posterior or anterior laparotomy on 
A rabbits which have been injected for the purpose of making a diagnosis of 
pregnancy, and which are used for the test from three to five times, a new method 
may be employed to distinct advantage. The mortality rate of the animals may 
be reduced, and more accurate examination of the ovaries made possible, if the 
following procedure is used : Repeated entering of the peritoneal cavity for each 
examination and lifting out of the ovary through the fascial wound is a factor 
contributing to liability of infection of the animals; then, too, the ovary is likely 
to become traumatized because of repeated manipulations, the resulting hyper- 
emia tending to interfere with the detection of hemorrhagic follicles. 

The advantages of the method of ovarian transplantation here described 
are: (1) the ovaries are readily accessible; (2) less time is required for the 
examination as there is only one incision to be made; (3) anesthesia is of short 
duration and resulting anesthetic deaths are reduced to a minimum; (4) the 
mortality from infection is greatly diminished; (5) the ovaries are more likely 
to maintain a normal appearance than is the case if the organs are handled dur- 
ing each examination. 

The entire procedure consists of an initial posterior laparotomy, transplanta- 
tion of the ovaries into the subcutaneous areolar tissue of the back, and subse- 
quent examination by opening the original incision and lifting the skin Haps for 
inspection of the ovaries. 

The technic for the initial operation is described by Goodale and Flanagan 
on page 58 of the Journal of Laboratory and Clinical Medicine for October, 
1932, as follows: 

The rabbit, under ether anesthesia, is placed in the position normally assumed by 
the rabbit at rest. The lower back is covered with tincture of iodine which is rubbed into 
the hair with a sponge. The hair may be removed with scissors and it is then found easier 
to suture the skin. The instruments necessary are a scalpel, mouse-tooth forceps, a hook, 
scissors, needle and needle-holder, and No. 1 catgut suture. These are placed in a dish 
of 70 per cent alcohol. The operator, wearing rubber gloves, rinses his finger tips in the 
alcohol. The operator locates the fifth vertebra about the juncture of the femur with 
the coxal or pelvic bone. A 4 cm. longitudinal incision is made in the midline and should be 
bisected by the above-mentioned vertebra. The incision is carried completely through the 
skin which is then readily separated from the fascia and muscle layer beneath. Because 
of the looseness of the rabbit’s skin the single incision serves for the examination of both 
ovaries. 

•From the New Jersey State Hospital. 

Received for publication, June 20, 1334. 
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The skin incision is now pulled to one side until the white line of the lumbodorsal 
fascia is seen. This is usually about 2 cm. from the roidline and vertebral column and is 
just lateral to the thick sacrospinalis muscle. A. 2 cm. incision is made through the lumbo- 
dorsal fascia. The intestines are then seen through the parietal peritoneum. The peritoneum 
is picked up with forceps and is cut, allowing entrance into the abdominal cavity. The hook 
is then inserted and the ovary brought into view. The ovary is usually found medial to the 
incision. The hook sometimes engages with the horn of the uterus or the tube, but in either 
case the ovary is readily found, Xn a careful operation bleeding is not usually encountered. 

From this point on, the procedure differs from the original in that the ovary, 
instead of being dropped hack into the peritoneal cavity is transplanted into 
the subcutaneous areolar tissue. The ovary is held out through the incision in 
the fascia and careful suturing is done around it, and the edges of the fascial 
slit brought together. This suturing is close enough to the tube to prevent 
prolapse of the ovary into the peritoneal cavity but not close enough to com- 
press the blood supply. After both ovaries have been treated in this manner, the 
skin is allowed to slip back into normal position and the skin sutured. Subse- 
quent examinations may be made at any desired intervals. When one wishes to 
observe the ovaries it is necessary only to sever the sutures in the skin and look 
beneath the flap. When healing around the ovary is well advanced, and the 
ovary has a normal appearance, the first injection may be given and the effect 
of the injection upon the ovary observed as frequently as may be desired. 

Repeated tests may be done on the same animal, it being necessary, of 
course, to allow adequate time for the .ovaries to return to normal after a posi- 
tive reaction. 

EXPERIMENTAL EVIDENCE 


Feb. 12, 1933: Ovaries of virgin Rabbit 93 transplanted. Ovaries were observed to 
be slightly larger than normal average. After the required number of sutures were taken in 
the fascia and the ovaries found to be secure in their new positions, sterile vaseline gauze 
was packed between the skin and fascia to prevent adhesions, (In later experiments the 
gauze was found to bo unnecessary and to be a predisposing factor in the few infections 
encountered.) Sixty hours later an exploratory observation was made and healing was 
found to be well advanced around the ovaries. No evidences of infection wore noted. Gauze 
was again packed in between fascia and skin. 

Feb. 16, 1933 : A second exploratory examination was made. Healing was found to be 
more advanced and the wound clean. Three sutures were taken in the skin. Use of gauze 
discontinued. 


Feb. 20, 1933: The ovaries were again examined. Granulation tissue was found in 
tho fascial wound but not on ovaries which were of normal appearance. Rabbit was injected 
intravenously with 10 c.c. of urine from woman in labor. 

Fob. 20, 1933: Examination revealed the ovaries to be markedly enlarged and con- 
gested. Discreet hemorrhagic follicles were noted. 


Ether anesthesia was used exclusively on this animal. 

Feb. 2o, 1933: Rabbit 14. Transplantation was done on left ovary. Nothing was 
done with right ovary The results in this animal on subsequent examination, were es- 
sentially the same as those of Rabbit 93, except that healing was not so rapid. 

March 1, 1933: Rabbit 14 injected with known positive specimen. 

•n h fi'o 1 3 ’. 1033 \ U ‘ A cllarac ! eristic P° sitive reaction was grossly demonstrable 

in the left o\arj. An incision ivas made in fascia on tin* , ,, „ . 

also showed a positive reaction. Ether anesthesia was used. ° s ' e > an 0 n 8 ovary 

March -t, 1933: Rabbit 20. Both ovaries were o i i* 

inserted in wounds. transplanted, and vaseline gauze was 
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March u, 1933: Rabbit 20. Gauze removed and ovaries examined. They presented 
an engorged discolored appearance. A small amount of pus was observed in the fascial 
wound. On direct smear and gram stain of this pus, many gram-positive cocci occurring in 
clusters were seen. On plain agar slants these organisms showed the cultural characteristics 
of Staphylococcus aureus. 

March 5, 1933: Rabbit 20 was emaciated and extremely weak. An offensive odor was 
noted as the gauze was removed from the wound. A marked suppurative process was ob- 
served in and around fascial wounds. Ovaries markedly swollen anil of a dark red color. 

March 6, 1933: Rabbit 20 found dead in cage. Death apparently was due to perito- 
nitis. Sodium amyt.nl was used as the anesthetic in this case. 

March S, 1933: First experimental Rabbit 93 and live others, Rabbits 19, 30, 30, SO, 
and SI were injected with known positive specimens. Rabbits 19, 30, and 30 had previously 
had bilateral transplantation and Animals SO and 84 had had but one ovary transplanted, 
the left and right, respectively. All were suitable for inoculation in live days. The use of 
vaseline gauze having been discontinued, no postoperative complications were experienced. 

On examination, Animals 93 and 19 were found to be suitable for a second injection 
fourteen days after the positive reaction. Rabbits 30 and 30 were unsuitable until sixteen 
and eighteen days had elapsed, respectively. Rabbits SO and Si required twenty-one and 
twenty days, respectively before the ovaries returned to normal. .Second injections of all 
these animals (in Case 93, the third) resulted in normal positives, the second injections 
being given twenty-five days after the first ones. 


THE INTRA DERMAL TEST IN UNDULANT FEVER* 


Reactions in Healthy and Infected Individuals 


Grant O. Favorite, M.D., and Curtis F. Culp, M.D., Philadelphia, Pa. 


'THE laboratory diagnosis of uudulant fever in the past has rested on the 
agglutination test and blood culture. Of recent years, the intradennal re- 
action has gained favor as an adjunct to the above procedures. We wish to 
present in this paper our experience with this reaction. 

Fleischner and Meyer, 1 in 191S, found that when the Brucella abortus 
protein was injected into the skin of infected guinea pigs, it caused a definite 
local reaction. In studying 100 children they obtained a positive reaction in 2. 
Burnet,- in 1922, using a filtrate from killed Brucella melitensis, obtained posi- 
tive reactions in cases of undulant fever. Some investigators (Trent! 3 * 4 Olmer 
and Massot, 5 Dubois and Sollier 1 ’) using his technic, obtained similar results. On 
the other hand, insufficient specificity has been claimed by others (Brugi, 7 Sorge, s 
Bua, 9 Tapia and DelValle 10 ). Enough evidence has accumulated to show that 
the use of a bacterial suspension is superior to the filtrate (Formica and Bua- 
Fazio, 11 Mitra, 12 Bua, 9 DeFermo, 13 Leavcll and Amoss 11 ) and is less likely to 
give a false positive reaction. The reaction with the bacterial suspension has 
proved specific in known cases of undulant fever and negative in other diseases 
(Sensenicli and Giordano, 15 Giordano, 10 Simpson and Frazier, 1 ' DeFermo 13 ). 


♦Received for publication, June 26, 193-1. 
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Using a fat-free filtrate, Levin 18 and Goldstein 10 obtained comparable results with 
less marked local reaction. Leavell and Amoss 14 claim more specific reaction with 
heat killed suspensions than with extracts. A single strain of the Brucella 
melitensis group is sufficient as an antigen in performing the test, since it has 
been found that other members of the group give similar results (Yeckel and 
Chapman 20 ) . 

Our object was to establish the reaction of the normal individual to Brucella 
antigen and to compare it with reactions in known cases of undulant fever. In 
the course of our study, we have observed several interesting findings, which we 
feel will prove of value in the performance and interpretation of this valuable 
reaction. 

Antigen Used . — The antigen was made from a strain of Brucella isolated 
from a human case of undulant fever, of probable bovine origin, and grown 
artificially on plain agar for one year. The organism was grown for seventy-two 
hours on plain agar, emulsified with 0.5 per cent phenol in physiologic salt solu- 
tion, and killed by heat at 56° C. for one hour. It was adjusted to a density of 
800 million organisms per c.e. when compared with a barium sulphate standard, 
and tested for sterility on liver infusion agar for one week at 37° C. 

Nonspecific Reaction . — Ninety healthy medical students were tested for the 
presence of agglutinins and one was found to be positive in dilution of 1 :250. 
He was excluded from the list of controls. In order to determine the nonspecific 
reaction, 0.1 e.c. of the antigen was injected intradermally on the flexor surface 
of the forearm. Subsequent events showed us that a better site for injection 
was the deltoid region, since positive reactions may persist for a long time. For 
the average reaction there appeared at the end of twenty-four hours a papule 
0.5 cm. in diameter (the size of the original wheal), surrounded by an area of 
erythema 2 cm. in diameter. In forty-eight hours the papule and the area of 
erythema were about one-half the size existing at the end of twenty-four hours. 
In seventy-two hours the papule disappeared but the erythema persisted, and 
gradually disappeared by the end of one hundred twenty hours. This reaction 
seemed rather marked for a negative test. Using the same antigen diluted to 
80 million organisms per c.c. and attenuating its potency by keeping it in the 
refrigerator for six months, it was again used on 40 controls who consisted of 
surgical patients with negative undulant fever history and absent Brucella 
agglutinins. The reaction was greatly modified. A papule, 0.5 cm. in diameter, 
sui rounded by a small area of erythema, gradually disappeared by the end of 
lot t\ -eight hours. This was compatible with reactions obtained with other 
organisms. Twenty-five patients in this group were retested with a mixed vac- 
cine containing E. coli, pneumococcus, staphylococcus, and streptococcus. They 
developed a similar papule at the site of injection surrounded by an area of 
erythema about 2 cm, in diameter which disappeared at tire end of seveutv-two 
hours. 

Specific Reaction in Undulant Fever . — Ten patients with undulant fever in 
various stages of the disease were tested with the diluted and attenuated antigen. 
Five were tested during the first month of the illness; 2, during convalescence; 
and three, one to two yeans after recovery. The latter patients still had a— lutiri- 



524 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


ins, varying in titer from 1 :100 to 1 :500. The intradermal reaction in these pa- 
tients consisted of a papule 0.5 cm. in diameter, surrounded by an area of erythe- 
ma 1 to 2 cm. in diameter at the end of twenty-four hours. The papule assumed 
a bluish red color. During the first week, there was a gradual decrease in the 
size of erythematous area, until it merged with the central papule, which, by the 
end of ten days, appeared as a firm, indurated nodule, measuring 0.5 to 1 cm. in 
diameter. During the second week the reaction subsided, and persisted as a red 
area with some induration. Desquamation of the overlying epithelium took place 
at this stage. In all except one, the reaction continued for several weeks longer. 
All had local soreness which hasted for forty-eight hours. In no instance was the 
reaction of sufficient severity to cause local necrosis. These results compare 
favorably with those of Yeckel and Chapman.'- 0 

Positive Reaction in Controls. — One of the students in the control group, as 
previously mentioned, had an agglutination titer of 1 :250. He gave a strongly 
positive skin reaction. His history showed that he had ingested raw milk for 
many years, and still does when he returns home during vacation. Two students 
with a positive reaction but with absent agglutinins gave histories of exposure 
to cattle, ingestion of raw milk, or febrile illness. The original undiluted antigen 
was used on one of these students with marked local reaction which persisted for 
several months. 

Scarification Test . — Since the intradermal reaction causes local manifesta- 
tions which could be less severe, it was thought that it could be moderated by 
placing the antigen on a scarified skin surface. The same technic was used as 
in the performance of the Von Pirquet test for tuberculosis and the scarification 
method for smallpox. Furthermore, a small pledget of cotton saturated with the 
antigen was placed over the scarified area and held in place by adhesive tape. A 
slight border of erythema developed in the positive eases, but was not sufficient 
for diagnostic purposes. 

COMMENT 

With a properly prepared antigen consisting of the whole bacterial sus- 
pension of Brucella abortus, a definite intradermal reaction was obtained which 
caused no serious local reaction and left no doubt as to its positiveness. The 
severity of the reaction depended somewhat on the amount and potency of the 
antigen. These factors were altered by dilution and aging of the bacterial 
emulsion so that when used on controls, the nonspecific reaction disappeared in 
forty-eight hours. Such an antigen caused a definite prolonged reaction in cases 
of undulant fever which compared favorably with modified antigens used by 
others. Even in inexperienced hands, the line of demarcation between a positive 
and negative test was such that it left no room for doubt, as it often happens in 
skin reactions. The negative reaction, even with the use of a heavy, potent, 
bacterial emulsion, usually disappeared at the end of five days, and surely at the 
end of the first week. The positive reaction continued after this time as a firm, 
indurated, red nodule which persisted for several weeks. The proper time for 
reading the test, therefore, would be at the end of the first week with subsequent 
observations. 

During the course of our study several interesting observations were made 
ydiieh are worth recording. In two positive cases, a subcutaneous injection of 
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the vaccine for therapeutic purposes caused a reactivation of the local reaction 
after it had subsided. Because of the inaccessibility of the other patients with a 
positive reaction, it was not tried on the others. The phenomenon was not ob- 
served in the controls. One of the students with agglutinins in the blood, and a 
positive intradermal reaction, returned home for the Christmas holidays. ITis 
trip home took place during the second week of the reaction. While home he 
drank large quantities of raw milk. A reactivation of the nodule, with widening 
of the erythematous zone occurred. No doubt, the milk which was probably in- 
fected, had a direct bearing on the reactivation of the lesion. 

To show the specificity of the test we cite the following case : A colored male 
patient suffering with an obscure febrile illness gave a positive Widal test in a 
dilution of 1 :50 and a positive agglutination test for Brucella abortus in a dilu- 
tion of 1 :100. The intradermal reaction was negative. At autopsy the patient 
was found to have miliary tuberculosis. 

Thirty-five students in the control group were tested for agglutinins five 
months after their single intradermal injection of the antigen. No agglutinins 
were found at the end of this time. 


CONCLUSIONS 

The use of a bacterial suspension of killed Brucella abortus gives a specific 
intradermal reaction in undulant fever which is easily distinguished from a non- 
specific response. 

The bacterial suspension may be adjusted by dilution and attenuation to the 
desired reaction, as determined by preliminary tests on normal human individ- 
uals. 

The use of the scarification technic in performing the test does not give 
conclusive results. 
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The amounts discharged in liters per minute are then plotted against the 
amount received by the spirometer in liters per minute, as shown in Figs. 1 



CyU/V/)Efl SHOULD MAKE / /^EVOLUTION //V 8 MINUTES 

Chart 2. — Spirometer chart. Regulator Y-1G7, float gauge. 


and 2 (inset). Corrections are first made for temperature and barometric 
pressure and for error in the spirometer scale. 
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At Harlem Hospital, regulators are calibrated every two weeks, and if 
aJilZn to suspect inaccuracy, they arc calibrate d mere freque ntly. 
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CYLINDER SHOULD HAKE / REVOLUTION W g mOTES 
Chart 3.— Spirometer chart. Regulator Xo. It-31. Bourdon tube; dial gauge. 

They are run at the various rates with a float or flow gauge in series. The 
float gauge was previously calibrated by the method described. Prom time 
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to time a permanent record is made directly from the regulator by discharging 
oxygen into the gasometer. 

If great accuracy is required, the spirometer or gasometer of the basal 
metabolism apparatus should have its scale checked. For this purpose a flow 
gauge may be used after it has been calibrated by weighing the oxygen dis- 
charged at given rates (liters per minute) over a measured interval at a 
known temperature and barometric pressure. After correction for tempera- 
ture and barometric pressure, the values obtained by discharging oxygen 
through the gauge into the spirometer are plotted against the values for the 
gauge as obtained by weighing the oxygen discharged. This curve becomes the 
standard of reference for the values obtained for other flow gauges. 

For determining the weight of oxygen discharged there is required a 
beam scale sensitive to ± 5 gin. (silk scales) when the weight on the platform 
is 70 Kg. The full tank of oxygen (closed) with regulator attached, is placed 
on the platform. The tank is open and the regulator tested for leaks with 
a soapsuds film. If there are no leaks, the cylinder is accurately balanced, 
using weights on the platform. About 1 Kg. of oxygen is then discharged 
at a known rate (10 liters per minute will require about seventy-five minutes). 
The flow is then stopped and an accurate weighing is obtained by placing on 
the platform the required weights of a chemical balance. The weight added 
will be the weight of the oxygen discharged. The spirometer scale is then 
corrected for temperature, barometric pressure and the errors, if any. 

The formula for calculating the true flow in liters per minute at 70° F. 
and 29.92 inches ITg follows: 


w 

t 

D 

T 0 

T, 


true ilow in liters per minute reduced to conditions — normal at- 
mosphere (29.92 in. Iig) and 70° F. (291.2° Absolute), 
weight of oxygen in grams (observed), 
time in minutes (observed). 

density of oxygen in grams per liter at “normal temperature 
and pressure. ’ ’ 1.429. 

normal temperature (0° C. = 273.1° Absolute). (Observed.) 
standard reference or base temperature (70° F. — 294.2° Ab- 
solute) . 


Q< 


W 294.2 

_ t~ 1.429 x 27371 


0.7539 -J'- 
t 


The lower the ilow, the longer the discharge must last so that at 
5 liters per minute, t = 120 minutes, and at 1 liter per minute, 
t = 600 minutes. 


Example: We set flow meter at 10 liters per minute, discharged 
gas for 01 minutes. Weight of oxygen, 805 gin. 

q 0.7539 = 9.95 1/uiin. (by weight) = 10.0 1/min. (indicated on gauge). 
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SUMMARY 

There are presented: 

1. A rapid, simple method for the calibration of clinical oxygen regula- 
tors, which depends upon the use of a clinical basal metabolism gasometer 
or spirometer. 

2. The method for indirectly calibrating the spirometer by weighing the 
discharge of oxygen through a clinical oxygen regulator equipped with a 
variable orifice flow meter. 


THE COSTA REACTION* 


Results in Two Hundred Cases 


R. TI. Kampmeier, M.D., F.A.C.P., New Orleans, La. 


S EVERAL years ago, I became interested in the use of the Costa reaction 
for prognosis in the clinical course of pulmonary tuberculosis. Concur- 
rently with the use of the test in pulmonary tuberculosis, I have thought it 
wise to use it in a variety of diseases so that the effect of fever, syphilis, 
and neoplasm may be noted. The advantage the Costa reaction has over the 
sedimentation test is that it can be performed in a few minutes with an 
amount of blood so small it does not necessitate venipuncture. This latter 
fact is of especial value in children and in some adults. 


TECHNIC OF TEST 


The technic of the Costa reaction is about the same for all the various 
authors. Slight variations are recorded especially with regard to the degree 
of reaction as based on the rapidity of its occurrence. The test as done by 
the author is as follows. 


In a small serology tube are placed 1.5 c.c. of a 2 per cent procaine 
solution made with normal saline. To this is added 0.1 c.c. or 3 drops of a 
5 per cent sodium citrate solution. (If blood was used from that collected 
in a eitratcd bottle for sedimentation time, this step was omitted). Next is 
added either 3 drops of blood from a skin puncture, or 0.1 e.c. obtained by 
venipuncture; the author uses most frequently a tuberculin syringe with 
hypodermic needle. The tube is then centrifuged from five to eight minutes. 
As a final step 1 drop of formalin is added, dropped into the solution and not 
allowed to run down the side of the tube. 


A positive reaction is the development of a white cloud of varying amount, 
and wi th variable speed, just above the layer of red blood cells' It appears 
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as a bluisli-wliite haze suggesting tobacco smoke, readily seen against a black 
background. All authors agree that lifteen minutes is the limit for the 
reaction, since some normal persons apparently give a reaction after this time. 
The author has designated the degree of reaction on the plan as suggested 
by several authors, though here the ideas differ as to the time limits to be set 
for the various degrees. In this study, a “strongly positive” indicates that 
the cloud has appeared within three minutes after the addition of formalin. 
If the cloud appears between three and ten minutes, the designation of 
“positive” is used. A reaction appearing between ten and fifteen minutes 
is considered “questionable.” No reaction at the end of fifteen minutes is 
declared ‘ ‘ negative. ’ ' 

Some writers say that instead of centrifugation, the procaine-citrate- 
blood mixture may be allowed to stand twelve hours, and then the test may 
be completed. In this series the mixture was centrifuged. 

LITERATURE 

In 1923, Costa,' wliilo searching for a biologic test for pregnancy found that the blood 
of pregnant women reacted with procaine and formalin in a manner different from the blood 
of nonpregnant normal women. lie also found such reaction occurred in the presence of active 
tuberculosis and in tertiary syphilis of the nervous system. 

Since Costa first described the reaction, there have been numerous references to it in 
the European literature. Rio,- in trying to establish the importance of procaine, used stovain, 
cocaino and orthoform, but found the sediment so labile with these that the test was im- 
practicable. In the phvsioehemical studies of Trojan and Pongor, 3 the hydrogen ion con- 
centration of the reaction solutions was found to be of no significance. Their biologic ex- 
periments revealed that no reaction occurs with blood serum, that positive results are obtained 
only with blood plasma of the actively sick. They believe the reaction is tied up with plasma 
fibrinogen, for defibrinated blood or plasma will not give a response. Ilowcver, extracted 
fibrinogen will not give the test but this may probably be explained on the complicated steps 
of such extraction. The precipitate obtained in the test may be washed with distilled water 
and centrifuged, and still a positive test will be obtained up to and including the fourth 
washing, indicating that the absorbed procaine can be washed out. All authors agree that 
the physics or chemistry of the Costa reaction is not understood. Costa himself has never 
stated why he chose procaine for a test for pregnancy. 

The clinical literature deals mainly with the use of the test in tuberculosis. Ziegler' 
accredits Vercelli with being the first to use it extensively in this disease. Ladeck, 3 in 
using the test in 200 women and girls, found the reaction negative in the nontuberculous and 
in the inactive tuberculous cases. In those with exudative processes the rate was rapid, and 
slower but positive in the fibroid type. He felt the rapidity and degree of the test was quite 
parallel to the sedimentation test, but generally less sensitive. However, the Costa reaction 
was not affected by menstruation as was the sedimentation test. Niissel and Iielbach 0 after 
performing 698 tests in 213 children found the reaction bore the same relation to disease as 
the sedimentation test, though less sensitive. 

In 352 cases thought to be active pulmonary tuberculosis on a physical basis, Trojan 
and Pongor 3 found 90.6 per cent reacting positively. Of 282 cases with cavity, 91.8 per cent 
were positive. Among the active cases, 199 or 56 per cent had positive sputiun, 1S9 of these 
gave a positive Costa reaction. In 448 inactive cases, the Costa reaction was negative or 
weakly positive in 88.7 per cent; among the 50 positive reactors were several pregnant 
women and some with diseases of other organs. Penn,' in a study of 130 tuberculous cases, 
found the test to be an adjunct in determination of activity. 

Lewin 3 found the Costa reaction checked closely with the sedimentation test. Ziegler' 
felt that though the test is less sensitive than the sedimentation test, it was just as good for’ 
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practical use. Altschulers believed the reaction to be of prognostic value in bone tuberculosis, 
and that it showed positive changes before clinieal complications made themselves manifest. 
Ziegler* quotes Schwartz and Bubenstein as concurring in this belief and as feeling that the 
reaction is more sensitive than the sedimentation test. They reported the test as being 
strongly positive in syphilis, gonorrhea and in the presence of tumors. Culhnanu,* after 
using the Costa reaction in eases of tuberculosis and carcinoma, found it to be more sensitive 
than the sedimentation test. Bubenstein, ia in a study of seventy-five cases of laryngeal 
tuberculosis, concluded that the Costa test is of great value in differentiating simple from 
tuberculous laryngitis, and that it is an aid in the determination of activity as a guide to 
treatment. 

RESULTS 

The Costa reaction was used in 200 cases, covering a wide variety of 
pathologic conditions. These eases were all chosen from the author's medical 
ward and tuberculosis wards, and some from the tumor clinic, of Charity 
Hospital. The tests were all performed by the author. Choice of eases was 
made with the objective of having- fair-sized groups of cases of pulmonary 
tuberculosis, tumors, and a variety of miscellaneous conditions with and with- 
out infection. The cardiac group is rather large for this type of study, but 
may be included legitimately because of the large number of syphilitics, since 
some European authors hold that syphilis gives a positive Costa test. 

In the tuberculosis group, there are 49 cases (Table I). The diagnosis 
of tuberculosis was based on both positive sputum and x-ray in 35, positive 
sputum alone in 2, and on the x-ray in 7. The other 5 cases had pleurisy 
with effusion considered to be tuberculous. Sixteen or 32.6 per cent gave a 
s'trongly positive and 18 or 36.7 per cent a positive reaction; 5 or 10.2 per 
cent reacted questionably and 10 or 20.4 per cent were negative. Of the 
whole group, 7 were afebrile while under observation and these supplied 4 
of the negative or questionably reacting cases. 


Table I 

Costa Beactjon in Tuberculosis 


DIAGNOSIS 

NUMBER 

STRONGLY 
| POSITIVE 

| POSITIVE 

QUES- 

OTONABLE 

negative 

Positive sputum and x-ray 

35 

12 

15 

3 


Positive sputum (no x-ray) 


- 


1 


Positive x-ray (neg. sputum) 


2 

2 

1 


Pleurisy with effusion (no sputum 






or x-ray) 


2 

i 

_ 

2 

Total 

s 49 

10 

IS 

5 

10 

■roreentage | 

32.6 

36.7 

10.2 

20.4 


Thirty-three patients comprise the tumor group (Table II) Diagnosis 
was based on biopsy or autopsy in 22, on the x-ray in 10, and on bronchoscopy 
m 1. Of the total, 5 or 15.1 per cent gave a strongly positive reaction - 19 or 
57.5 per cent were positive; 2 or G per cent reacted questionably- and 7 or 
21.2 per cent were negative. However, if the 21 proved eases of malignancy 
are considered, the following is found: 19 or 90.4 per cent showed either a 
strongly positive or positive reaction, and 1 each or 4.7 per cent, a question- 
able and a negative test. 1 1 














534 


TIIE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Table II 

Costa It k action - to Tumors 


DIAGNOSIS 

BASIS FOR 1)1* 

AGNOSIS 

NUMBER 

STRONGLY 

POSITIVE 

POSITIVE 

QUESTION- 

ABLE 

NEGATIVE 

Carcinoma lloor mouth 

Biopsy 

i 

_ 

i 

— 

— 

Carcinoma tongue 

Biopsy 

i 

_ 

i 

_ 

- 

Carcinoma hard palate 

Biopsy 

o 

- 

o 

_ 

- 

Carcinoma maxillary sinus 

Biopsy 

i 

_ 

i 


- 

Carcinoma larynx 

Biopsy 

i 

i 

- 



- 

Carcinoma bronchus 

Biopsy 

i 

i 


_ 

- 


Autopsy 

i 

— 

i 

_ 

- 

Pulmonary metastnses (pri- 

X-ray 

■i 

i 

i 

- 

o 

mary unknown) 

X-rav 

i | 

_ 

i 

_ 

- 

Carcinoma esophagus 

Biopsy 

i ! 

- ' 

i 

_ 

- 

Carcinoma stomach 

X-ray 

3 ! 

- i 

- 

i 

o 


Biopsy 

•1 ! 


■i 


- 

Carcinoma rectum 

Biopsy 

i ; 

- ; 

i 


- 

Carcinoma pancreas 

Autopsy 

i ! 

- 1 

i 


- 

Carcinoma skin 

Biopsy 

i j 

- i 

i 

_ 

~ 

Fibroadenoma of breast 

Biopsy ; 

i 

_ • 




i 

Carcinoma cervix (treated) 

Biopsy 

i ! 

i 

— 

i 

- 

Carcinoma penis 

Biopsy 

o j 

— i 

2 

* 

- 

Hypernephroma 
Hypernephroma (rib metas- 

X-ray 

1 

1 

\ 

1 I 

1 

i 

- 


tasis) 

Spindle-eell sarcoma pbar- 

Biopsy 

1 i 

i 

1 1 

- ! 

- 

_ 

ynx 

Biopsy i 

i • i 

- 

- 1 

- 

i 

Mediastinal tumor 

X-rav i 

i i 

_ 

i 

— 

- 

Polypus, bronchus 

Bronchoscopy j 

1 ! 

- 

- 

- 

i 

Total 


M3 i 

« i 

19 

o 

7 

Percentage 

1 

i 

15.1 ! 

57.5 | 

6 

oj 2 


Table III 


Costa Reaction- in- Disease or IIeakt and Aorta 


DIAGNOSIS 

NUMBER 

STRONGLY 

POSITIVE 

POSITIVE 

QUESTION- 

ABLE 

NEGATIVE 

Aortic insufficiency 


m 

i 

_ 

10 

Aortitis 

HI Hi : ■ - 


_ I 

- 

n 

Arteriosclerotic heart disease 

■Sr v 


i 

1 

s 

Coronary closure 



i 


_ 

Hypertensive heart disease 



i 

_ 

4 

Rheumatic heart disease 


1 

o 

- 

- 

Total 

•14 i 


G 

i 

33 

Percentage 


9.0 

13.6 

o o 

75 

Congestive failure 

34 ! 

4 

4 

i 

25 

No congestion 


- 

2 

- 

s 


In Table III is found an analysis of the cardiac group, consisting of 44 
cases. Of these 33 or 75 per cent were Costa negative. In the syphilitic 
group, cases of aortic insufficiency and aortitis, 23 in number, were found 21 
or 91.3 per cent who were Costa negative. Twenty-five of the total cardiac 
group had a positive blood Wassermann test and of these, 20 or SO per cent 
gave a negative Costa reaction. 

In addition to the 23 eases of cardiovascular syphilis, the test was car- 
ried out in 10 cases showing other active syphilitic lesions (Table IV). Of 
this group, only 2 or 20 per cent showed a positive, 1 gave a questionable, 
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Table IV 


Costa Reaction in Svitiius 


DIAGNOSIS 

NUMBER 

strongly 

POSITIVE 

POSITIVE 

question- 

ABLE 

NEGATIVE 

Lymphadenitis 

i 

- 

- 

- 

1 

Cutaneous (secondary-) 


*** 




Nephrosis 

sisKBii 

~ 




Hepatitis 






Osteitis (ribs) 




j 


Paresis 


~ 

— 



Meningovascular 



i 

t 

1 

Total 


gjj 

2 

i 

7 

Percentage 


■ 

20 

10 

70 

Positive Wassermann in whole 






series 

46 

5 

7 

3 

31 

Positive Wassermann in cardiac 






group 

25 

2 

o 

1 

20 


and 7 or 70 per cent showed a negative Costa reaction. The blood Wasser- 
mann test was done in all the 200 cases included in this study. Forty-six of 
these had a positive blood Wassermann reaction, and of these 31 or 67.3 per 
cent gave a negative Costa reaction, and 3 or 6.5 per cent a questionable one. 
Among the 12 positive eases are included such conditions as pulmonary tuber- 
culosis, lung abscess and the like, which better explain the positive result. 

The results in a group of 37 eases, presenting a miscellaneous group of 
conditions with infection of oue type or another, are listed in Table V. We 
see that 4 or 10-8 per cent were strongly positive, 14 or 37.8 per cent were 
positive, 6 or 16.2 per cent were questionable and 13 or 34.8 per cent were 
negative. Twenty-three of the whole group presented fever at the time the 
test was done. In the febrile group, 13 or 56.5 per cent showed either a 
strongly positive or positive Costa test, while 12 or 43.5 per cent were either 
questionable or negative. 

Twenty-seven cases of miscellaneous diseases are grouped together in 
Table VI. Of these, only 1, a case of sickle-cell anemia, had fever. Two or 
7.4 per cent were strongly Costa positive, 4 or 14.8 per cent were positive, 
1 or 3.7 per cent was questionable, and 20 or 74 per cent were Costa negative. 

DISCUSSION 

The Costa reaction is being used by the author on his tuberculosis wards 
in conjunction with the sedimentation test and differential blood cell picture 
from a prognostic standpoint. When a group of tuberculous patients has 
been studied for a long enough period of time, a comparison will be made 
between this and other prognostic criteria. As a preliminary study, it was 
thought advisable to use the test in a variety of pathologic conditions in 
order to evaluate the factors influencing the reaction. Therefore, this com- 
munication deals with the reaction in 200 selected cases. 

In active pulmonary tuberculosis, the Costa reaction is found to be nosi- 
tive in a high percentage of cases. 70 per cent having been either strongly 
positive or positive with another 10 per cent being questionable. In this pap°er 
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I will not go into the matter of activity or type of pulmonary lesion as related 
to the degree of the Costa reaction. Suffice it to say that among the ten 
negative cases were some with minimal lesions well under control and some 
treated by artificial pneumothorax which was followed by cessation of sputum 
and fever. 


Table V 

Costa Reaction- in Miscellaneous Infections 


DIAGNOSIS 

NUMBER 

FEVER 

STRONGLY 

POSITIVE 

POSITIVE 

[H 

NEGATIVE 

Bronchiectasis 

o 

i 

_ 

_ 

iBbbS 

2 

Lung abscess 

G 

6 

o 

■i 



_ 

Pneumonia 

•! 

•1 

_ 

3 

1 

_ 

Pneumonia (nonresolution) 

1 

- 

i 





Pneumonia (convalescence) 

o 

- 


i 


i 

Typhoid fever 

3 

3 

__ 

o 

1 


Peritonitis (tuberculous) 

3 

3 

_ 

1 


o 

Osteomyelitis (tuberculous) 


- 

i 

— 



Adenitis (tuberculous) 


- 

_ 

— 

_ 

1 

Malaria 


1 


1 

1 

o 

Arthritis, acuto 


1 

_ 

_ 

1 



Lymphadenitis, suppurative 


1 



1 


_ 

Tonsil, necrotic ulcer 


— 



1 



Rheumatic fever 


1 





1 

Pyelitis 


1 

_ 




1 

Subdiaphragmatic abscess 


1 


_ 


1 

Amebic dysentery 

3 

- 


1 

1 

1 

Catarrhal jaundice 

1 

- 

- 



1 

Total 

37 

23 

-i 

11 

6 

13 

Percentage 


| 10.S | 

37.S 

ej 

T—l 

34.S 


Table VI 


Costa Reaction in Miscellaneous Conditions 


DIAGNOSIS 

NUMBER 

STRONGLY 

POSITIVE 

POSITIVE 

QUESTION- 

ABLE 

NEGATIVE 

Pellagra 

3 

— 

— 


3 

Peptic ulcer 

•1 

_ 

— 


4 

Hypothyroidism 

1 

_ 

— 


1 

Hookworm infestatiou 

1 




1 

Nephritis, subacuto 

1 

— 

1 



Nephritis, chronic glonierulo 

3 

i 

1 


1 

“Nephrosis,” juvenile 

1 

- 

- 

_ 

1 

Leucemia, myelogenous 

1 

— 

_ 


1 

Portal cirrhosis 

1 



1 



Hypertension, malignant 

1 

— 



1 

Sickle-cell anemia 

1 

— 

1 



Hepatomegaly (unkuown cause) 
Diarrhea, clirouic (cause unde- 

1 

i 


- 

- 

termined) 

1 

— 

_ 

i 


Neurocirculatory asthenia 

1 

- 



1 

Asthma, bronchial 

1 

- 

_ 

_ 

1 

Mesenteric cysts (multiple) 

1 

- 

— 


1 

Diabetes mellitus 

1 

- 

- 

— 

1 

Epilepsy 

1 

- 

- 

- 

1 

Schizophrenia 

1 

— 

— 

- 

1 

Progressive muscular atrophy 

1 

- 

- 

- 

1 

Total 

27 

o 

4 

i 

20 

Percentage 


7.1 

14. S 1 

3.7 

74 
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Occasional mention is made in the European literature of the Costa reac- 
tion in the presence of newgrowth, but not much data is given. A strongly 
positive or positive reaction was obtained in 72.6 per cent of 33 such cases 
in this study. More significant, however, are the findings in 21 cases of 
malignancy proved microscopically. Of these, 90.4 per cent were Costa posi- 
tive. This fact is surely of interest, though no conclusions could possibly be 
drawn from only 21 proved eases. It is planned to study the reaction before 
and after treatment by operation and radiotherapy to find whether the test 
is of any prognostic value in the clinical course of malignancy. 

As was to be expected, no significant findings were revealed in the study 
of the cardiac group. Positive reactions in cardiovascular disease are diffi- 
cult to explain except to note that the presence of advanced anasarca, marked 
hepatic congestion, pulmonary congestion, and nephritic involvement with 
nitrogen retention may have been factors influencing the test. Certainly it 
seems that the Costa test will offer nothing in the study of cardiac disease. 

The findings in this study do not agree with those of certain European 
writers with respect to the Costa reaction in syphilis. In 23 cases of cardio- 
vascular syphilis, the test was negative in 21. The reaction was generally 
negative in 10 other patients suffering from active syphilitic lesions. Some 
positive reactions occurred in patients with positive blood Wassermann reac- 
tions, but such usually also suffered from pulmonary tuberculosis, lung abscess, 
and the like. It seems certain that the presence of syphilis does not influence 
the Costa reaction. 

Fever in itself probably does not cause a positive reaction. Of 37 cases 
in which infection played a part, 23 were febrile. Only about one-half of 
these gave a positive reaction. There are not enough eases of any one type 
of infection from which to draw conclusions as to the type of Costa reaction 
to expect. Lung abscess, of which there are 6, and pneumonia, of which there 
are 4, reaeted in each ease with a positive result. However, it does not appear 
probable that this reaction will be of value in diagnosis or prognosis in various 
infections. We do learn from this group, however, that fever in itself does 
not account for a positive reaction. 

In the miscellaneous conditions nothing of interest was found. Positive 
reactions occurred in nephritis with nitrogen retention, but this fact is not 
of importance. 

CONCLUSIONS 

1. The Costa reaction is a very simple test which can be carried out in 
twenty minutes and does not necessitate venipuncture. Its purposes may be 
compared to those of the sedimentation test. 

2. The test was carried out in 200 cases which included a variety of 
pathologic conditions. 

3. In active pulmonary tuberculosis the test is positive in a hmh per- 
centage of cases. ° 

4. Ninety per cent of the eases of proved malignancy were Costa positive. 

o. bypiniis apparently has no influence on the reaction. 

6. Fever in itself does not give a positive test. 
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THE HETEROPHILE ANTIBODY REACTION IN THE DIAGNOSIS OF 
INFECTIOUS MONONUCLEOSIS 4 


E. M. Butt, M.D., and A. G. Foord, M.D., Pasadena, Calif. 


TOURING the course of a study on heteropliile antibodies, demonstrable in 
^ the form of sheep cell agglutinins and hemolysins, in a variety of clinical 
conditions, Paul and Bunnell 1 found that high titers of such antibodies were 
present in the blood sera of cases of infectious mononucleosis. Previous to 
the appearance of this article, Davidsohn 2, 3 had demonstrated the presence 
of similar agglutinins in cases of serum sickness. Later Bunnell 4 reported 
fifteen additional cases of infectious mononucleosis and called attention to 
the diagnostic value of the test in this disease. In this latter series of cases, 
sheep cell agglutinins were obtained in titers varying from 1 to G4, to 1 to 
4,096. These investigators found that the titers of heteropliile antibodes in 
normal human cases rarely exceeded a dilution of .1 to 8. They further re- 
ported no increase in agglutinins above the normal in a variety of clinical 
conditions other than infectious mononucleosis and serum sickness. Sprunt, 5 
Rosenthal and Wenkeback, 0 and Olesen 7 have corroborated Paul and Bunnell’s 
findings in acute mononucleosis. For a complete discussion of the heteropliile 
antibodies we refer the reader to an extensive summary by Davidsohn. 3 

Methods . — We have not varied the original technic described by Paul and 
Bunnell, 1 which is as follows : The sera were obtained as for a Wassermann 
test, inactivated for fifteen minutes at 55° C., and diluted from 1 to 4, to 
1 to 32 or higher, if necessary, in 0.5 c.c. portions with normal saline. To 
each tube containing the diluted sera, 0.5 c.c. of a 2 per cent suspension of 
sheep cells and 1.0 c.c. of salt solution were added. The test tubes were 

• From the University of Southern California School of Medicine, the Santa Fe Coast 
Lines and Pasadena Hospitals. 
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from on. patient (Case 2, Table I), a young woman wl.o had had 
he dkel” seventeen months prior to the performance of the test, contained 
o heterophile antibodies. She ran the typical cluneal course and blood 
studies at that time indicated that she undoubtedly had infectious mono- 

n " Cl In addition to the foregoing eases we tested the sera of 412 hospitalized 
adult patients for sheep cell agglutinins. This group includes a variety of 
conditions too numerous to cite, which may roughly be classed as infections, 
chronic diseases, blood dyscrasias and injuries. No sheep cell agglutinins 
were present in 81 per cent of the sera in dilutions of 1 to 4 or higher. 
The titer of agglutinins in the remaining 19 per cent did not exceed a serum 
dilution of 1 "to 8 except in one ease in which the antibodies were present 
in a 1 to 1G dilution of the serum. These facts will be found in Table II. 

The sheep cell agglutinin studies of a few conditions thought to be of 
pertinent interest in the evaluation of this diagnostic test are summarized in 
Table III. Ileterophile antibodies were not found in nine eases of leueemia 
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Test for 


disease 

NUMBER 

OF 

CASES 

SIIEEP CELL AGGLUTININS 

DILUTION OP SERUM 

% 

Vs 

Via 

Vs2 
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and one ease each of aplastic and pernicious anemia. This fact greatly aug- 
ments the value of the heterophile agglutinin test in infectious mononucleosis, 
a disease that has been confused in the early stages with lymphatic leuceinia. 

Attention is called to two cases of food poisoning due to B. paratyphosus 
B, which arc of interest in view of Iijima’s 0 findings that strains of these 
organisms contain the heterophile antigen. The patients had severe diarrheas 
lasting approximately three days and terminating in complete recovery in 
about five days. The agglutination test did not become positive and tlie sheep 
cell agglutinins were present only in small quantities in the 1 to 4 dilutions 
of the sera. 

Of particular interest in this series of cases is that of a young adult who 
sustained severe electrical burns of the hands and arms. His blood serum 
contained a rather high titer of sheep cell agglutinins. The patient had been 
quite well previous to his accident, and careful examination while in the hos- 
pital failed to reveal any symptoms or signs diagnostic of infectious mononu- 
cleosis. lie had not received horse serum, but shortly after his entrance into 
the hospital, he developed a generalized urticarial type of lesion of the skin. 
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suggestive of some allergic phenomenon. A short time later the patient passed 
out of our control, preventing further observations. 

In view of the fact that Taniguehi 10 has pointed out the possibility of 
an error in the Wassermann reaction using sera that are rich in sheep cell 
hemolysins, we performed Wassermann tests on our cases of infectious mono- 
nucleosis and serum disease. To our surprise, and contrary to their sugges- 
tion, we found that high concentration of hetcrophile antibodies did not affect 
our complement fixation test, which was negative in the cases of infectious 
mononucleosis and serum disease. Furthermore, a nonspecific fixation of 
complement was not obtained in any of the control cases listed in Table II. 
The reason for this is not clear, but it may be due to the absence of heterophile 
antigens in the beef heart preparations that we use in the Wassermann reac- 
tion, for it is a well-known fact that fixation of complement will occur in 
heterophile antigen and antibody reactions. 

CONCLUSION 

Corroboratory evidence is offered in support of Paul and Bunnell's test 
for infectious mononucleosis. The points of interest are, that the presence 
of heterophile antibodies in high concentration is a constant feature of the 
disease; that the production of heterophile agglutinins is roughly parallel to 
the leucoeytosis; and further, that the height of the agglutinin response is 
dependent upon the stage of the disease in which the serum is obtained for 
testing. 

A nonspecific fixation of complement was not obtained in the Wasser- 
mann test with sera containing high concentrations of heterophile antibodies. 
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A NEW SLIDE AND HAND SHAKER FOR USE IN SLIDE 
PRECIPITATION AND AGGLUTINATION STUDIES IN IMMUNOLOGY* 

B. S. Levine, Ph.D., Chicago, III. 

'TUIE use of the glass slide and the paraffin ring method in the precipitation 
and agglutination procedures for the laboratory diagnosis of diseases is 
now being widely resorted to in the fields of bacteriology and serology. The 
latest application of the slide precipitation procedure is represented by the 
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as is ordinarily used in the preparation of lantern slides and measures 3 
inches by 4 inches. Depending upon the size of the paraffin rings desired, 
from 20 to 25 agglutination or precipitation tests can he performed with each 
slide at one time. This size of the slide is such as to make its use conveniently 
adapted to any standard microscope. The shaker is made of liber, wood, ply- 
wood, celluloid, or any other board material about \\ inch thick. It can be 
easily constructed by following the instructions schematically presented in Fig. 1. 

The paraffin rings are made upon the glass slides as usual. The slides 
are then numbered from 1 to -1 and placed into the corresponding sockets of 
the shaker. The scrums and the antigen are now deposited within the rings 
in the required volumes and order, in accordance with the particular im- 
munodiagnostie procedure that is being used. The shaking process can be 



Fig-. 


accomplished by resting the shaker upon the laboratory table and imparting 
it a one-plane rotatory movement by hand. The shaker can also be held in 
the palms of both hands and agitating it so that its four corners move up and 
down in a rapid successive order, while its center remains stationary, as 
though it were resting atop a sharp pivot. Both types of agitation movement 
can be used alternatingly several times, if it is found more expedient and 
effective a mixing procedure. 

From SO to 100 agglutination or precipitation tests can thus be performed 
simultaneously within a short time. To prevent evaporation due to pro- 
longed exposure of the slides to the air, two laboratory workers may divide 
the work so that while one is preparing specimens labeled from 1 to 50, the 
other may be working on specimens labeled from 51 to 100. The final set-up 
is shown in Fig. 2. "When the shaking is completed, a similar division of work 
can be profitably resorted to in making the microscopic examinations and in 
the recording of the final results. 
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A STABLE, STANDARDIZED COLLOIDAL GOLD SOLUTION* 


William C. Williams, Washington, D. C. 


T HE colloidal gold test introduced by Lange’ in 1913 is still recognized as 
one of the most valuable aids available for the diagnosis and prognosis of 
syphilis of the central nervous system. However, most laboratory workers 
have experienced considerable difficulty, at one time or another, in the routine 
preparation of a uniformly satisfactory colloidal gold solution. Consequently, 
many modifications of the original method have been proposed in an endeavor 
to overcome some of the difficulties. No definite standard for gold sol has 
existed ; usually a rough test for precipitability by a 1 per cent salt solution 
has sufficed and it was only rarely that two gold sols could be prepared which 
were identical in sensitivity. 

In undertaking certain investigations on the colloidal gold reaction with 
various globulins and globulin fractions, it was essential that results over a 
considerable period of time be comparable. To insure this, some method of 
preparation resulting in a gold sol of the same character and sensitiveness as 
all previous lots prepared, i.e., a standard gold sol had to be found. So far 
as known, none of the methods previously advocated consistently furnished 
uniform, standard solutions, each lot of which could be made identical with 
all previous lots. 

The method to be described is adapted from a procedure proposed by 
Patterson, 2 ' 3 in 1931, which offered the following advantages: (a) A definite 
titration of reagents before the stock solution is made; (b) an alkaline stock 
solution which is relatively stable; (c) a second titration against a globulin 
to determine the exaet amount of hydrochloric acid which should be added 
just before use; (d) the ability by (c) to exactly adjust, each lot of colloidal 
gold solution so that it is identical in intensity and sensitivity with all previous 
lots made. 

With the adoption of certain modifications, here described, gold sol pre- 
pared and titrated by this method has proved highly satisfactory and has 
given excellent results for a period of over two years, during which time more 
than 1,500 spinal fluids have been tested. Patterson’s method will not be 
quoted in detail here, only the changes and modifications bein<* noted For 
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the original technic the reader is referred to his article 2 or the abstract. 3 
Some of the changes were made because of the availability of reagents but 
other important modifications in the titrations were made because they ap- 
pear to result in a distinct improvement of the method and the final product. 
Briefly, these changes are as follows: (a) The use of gold chloride, acid salt, 
Merck’s Blue label or equivalent, instead of gold sodium chloride, double 
salt; (b) the use of 0.02 N potassium hydroxide solution instead of sodium 
hydroxide; (c) the direct measurement of the potassium hydroxide solution 
into the tubes of the preliminary titration, instead of the use of the drop 
method; (d) the use of a solution of edestin, a vegetable globulin from hemp 
seed, first used for this purpose by Kriedler and Small, 4 for the final titration, 
instead of the solution of hemoglobin used by Patterson. 

The details of the technic developed and used in this laboratory are as 
follows : 

REAGENTS 

1. Distilled Water. — Double distilled water is preferable, although satis- 
factory gold sols are being made with freshly distilled water from a good still. 

2. Gold Chloride. — (Merck’s blue label or equivalent) 1 per cent solution. 
This solution is made in the usual way by breaking the ampule inside of a hard 
glass bottle and adding the required amount of distilled water. 

3. Potassium Oxalate. — (Highest purity) one per cent solution. Must be 
freshly prepared and should not be cloudy. 

4. Potassium hydroxide Solution 0.02 N. 

5. Hydrochloric Acid, 0.02 N. 

6. Edestin. — (Highest purity, Pfanstielil.) One to 2,000 solution: Since 
edestin is insoluble in water or weak salt solutions, 0.2 per cent hydrochloric 
acid is used as the solvent. This amount of HC1 does not affect the final 
titration. 

Glassware. — Tubes, beakers, pipettes, Florence flasks, bottles for solutions, 
etc., as required. All glassware should be of high grade resistant glass, chemi- 
cally clean but not necessarily sterile. It should be washed with aqua regia, 
followed by seven or eight rinsings in tap water, with a final rinsing with 
distilled water. 

PRELIMINARY TITRATION 

Nine, dry, chemically clean test tubes are placed in a rack and numbered. 
To the bottom of these tubes, pipette increasing amounts of 0.02 N potassium 
hydroxide solution as follows: No. 1, none; No. 2, 0.15 c.c. ; No. 3, 0.2 c.c. ; 
No. 4, 0.25 c.c. ; No. 5, 0.3 c.c.; No. 6, 0.35 c.c.; No. 7, 0.4 c.c.; No. 8, 0.45 c.c.; 
and No. 9, 0.5 c.c. Next, place in a small beaker or flask, 50 c.c. of distilled 
water, 0.5 c.c. of 1 per cent potassium oxalate solution, and 0.5 c.c. of 1 per 
cent gold chloride solution. Mix and add 5.0 c.c. of this solution to each of 
the nine tubes. Immediately immerse the tubes in a beaker containing suf- 
ficient water, at room temperature, to just cover the level of the fluid in the 
tubes. Place the beaker, protected by plain wire gauze, over a Bunsen burner, 
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gold sol. 

PREPARATION OP THE STOCK GOLD SOL 

As the stock colloidal gold solution is perfectly stable, the amount made 
is only limited bv the requirements of the laboratory and by the quantity of 
reagents originally prepared. A new preliminary titration is necessary when- 
ever new reagents are made. In this laboratory it has been found convenient 
to prepare eight or more individual lots of 1,000 c.c. each, which are pooled 
and kept in a resistant glass bottle. 

To prepare 1,000 c.c. a three liter Florence flask is used. Place 1,000 c.c. 
of distilled water’ in the flask, add 10 c.c. of 1 per cent oxalate solution, 10 c.c. 
of 1 per cent gold chloride solution, and the amount of 0.02 N potassium 
hydroxide solution determined by the preliminary titration, which is, usually, 
between 40 and 50 c.c. Bring to the boiling point rapidly, without shaking. 
The solution will go through the various color changes from colorless to pale 
blue blue, purple, and, finally, a very deep dark red. Just before the boiling 
point is reached there is a sudden “lightening” of the solution, which becomes 
a clear bright red color. No further color change takes place, although the 
solution should be left over the flame until boiling starts. This “lightening” 
of the mixture is an absolute essential to a satisfactory solution. If this typical 
change does not occur, there is something wrong with the reagents, their 
measurement, or the calculation of the amount of potassium hydroxide used. 
After the various lots are pooled and have stood overnight, the stock solution 
is ready for the final titration. 


PINAL TITRATION OP THE STOCK SOLUTION 

Inasmuch as the stock solution prepared according to this method is 
alkaline, it is necessary to determine the amount of hydrochloric acid to he 
added to any portion of it, just before use. This is done in the following 
manner: Six series of ten tubes each are set up exactly as for the routine 
test on spinal fluid except that smaller tubes, 12 by 120 mm. are satisfactory, 
since only one-lialf the usual quantities are used. To the first tube in each 
series add 0.9 c.c. of 0.4 per cent salt solution and to each of the other tubes 
0.5 c.c. Prepare a 1 to 2,000 solution of edestin in 0.2 per cent hydrochloric 
acid and place 0.1 c.c. of this solution in the first tube of each series. Make 
dilutions in the usual way by mixing thoroughly the contents of the first 
tube and carrying over 0.5 c.e. to the second tube, mixing, and so on in series 
to the tenth tube, from which 0.5 c.c. of the mixture is discarded. 



548 


TFIE JOURNAL OF LABORATORY A XI) CI.IXICAE MEDICINE 


Six 25 c.c. portions of the stock gold sol are placed in small 50 c.c. flasks 
and numbered. These are acidified with 0.02 N lid as shown in Table I. 


Table I 


FLASK 

STOCK SOLUTION 

0.02 N IIC) 

i 

25 c.c. 

0.25 c.c. 

o 

25 c.c. 

0.30 c.c. 


25 c.c. 

0.35 c.c. 

4 

25 c.c. 

0.40 c.c. 

.3 

25 c.c. 

0.45 c.c. 

6 

25 c.c. 

0.50 c.c. 


Each tube of Series 1 then receives 2.5 c.c. of acidified Sol 1; each tube 
of Series 2, 2.5 c.c. of acidified Sol 2 and so on until the six series have re- 
ceived the six specimens of acidified gold sol. The tubes are mixed by gentle 
shaking or by rotating the individual tubes between the hands. Results are 
read after eighteen to twenty-four hours. 

Various degrees of reaction will be evident in the different series. That 
amount of 0.02 X IIC1 which just gives a moderately strong “paretic” type 
of reaction (5555421000) is the correct amount to use in acidifying the stock 
gold so 1 just before use. Usually this is found in the third or fourth series, 
containing 0.35 or 0.4 c.c. of the acid per 25 c.c. of stock sol, but may vary 
considerably with different preparations. The stock bottle is labelled with 
the result of the titration. 

Before a gold sol is adjudged satisfactory and placed in routine use, it 
should be tested several times with known normal and paretic spinal fluids. 
It has been our experience that a colloidal gold solution giving a satisfactory 
reaction with the spinal fluid of a paretic will also give typical reactions 
with fluids from patients with other types of syphilitic involvement of the 
central nervous system. As suggested by Ivriedler and Small, 4 specimens of 
spinal fluid may be preserved from eight to ten weeks by adding an equal 
quantity of pure glycerin. This does not affect the colloidal gold reaction. 
Twice the amount of spinal fluid-glycerin mixture, of course, should be used 
in testing. The use of a fresh or preserved paretic spinal fluid in the final 
titration of the stock solution to determine the amount of 0.02 N HC1 neces- 
sary, is perfectly feasible. The advantage of the edestin solution lies in the 
fact that a definite strength globulin solution may be prepared whenever 
needed. 

DISCUSSION 

The advantages of an easily prepared colloidal gold solution, which is 
stable and in which each lot can be made identical in sensitivity with all 
previous lots, needs no emphasis. 

The difficulties so frequently encountered when using the formalin reduc- 
tion methods, occur without apparent reason, even when using the reagents 
and distilled water with which previous satisfactory solutions have been 
prepared. These difficulties may persist for some time, disappearing sud- 
denly, again for no apparent reason. No definite standard has existed for 
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gold sol, and it has been but rarely that two gold sols could be produced 
which were identical in sensitivity. Colloidal gold solutions have been un- 
stable; a precipitate, forming after a period of a few weeks, renders the solu- 
tion unfit for use. 

The method suggested by Patterson seemed to obviate some of these dif- 
ficulties and was given an extended trial. Using the original technic, certain 
anomalous results were obtained, requiring the modifications noted. The 
changes were made for reasons of increased accuracy, availability of certain 
reagents and definite improvement in the standardization of the final product. 

In the preliminary titration, direct measurement of the hydroxide into 
the dry tube was adopted, instead of the drop method, because of its accuracy, 
simplicity and the ease of calculation of the total amount required in prepar- 
ing the stock solution. 

The substitution of edestin for Patterson’s solution of hemoglobin was 
adopted for greater accuracy in the final titration. While usable gold sol 
could be made when final adjustment was done with a 1 per cent solution of 
hemoglobin, it was felt that this was the weak point in the procedure. The 
difficulty and inaccuracy of making an exact 1 per cent solution of hemoglobin 
from the few drops of blood which Patterson used, is manifest. Larger 
amounts of packed cells were used with somewhat better results but a new 
gold sol was not necessarily identical with a previous gold sol which had 
been titrated against an entirely different hemoglobin solution. Edestin can 
be accurately weighed and solutions of definite strengths made. It was found 
that a 1 to 2,000 solution of edestin gave a typical “paretic curve” and was 
entirely satisfactory as an indicator by which the sol could be adjusted so 
that it was exactly comparable with all previous lots made. 

The technic as given, which has been in use for over two years, has resulted 
in consistently good colloidal gold solutions. The stock solution is stable 
allowing large quantities to be prepared at one time. The titrations are 
simple and the amount of 0.02 N HC1 required by any given quantity prior 
to use, does not change during the life of the stock solution. 


SUMMARY 


A method of preparing a stable, standardized colloidal gold solution, 
which has given excellent results during an extended trial, is presented in 
detail. 
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CLINICAL PHOTOGRAPHY WITH THE LEICA CAMERA* 


Warren T. Vaughan, M.D., Richmond, Va. 


I HAVE been searching for some time for a satisfactory camera with which 
to visually record interesting clinical observations. Scarcely even a novice 
in photography, I tried out several very excellent cameras but found them 
unsatisfactory for my purpose and too expensive when it came to commercial 
finishing and printing. At the Milwaukee meeting of The American Medical 



Fig. 1. — Intraeutaneous sensitization tests applied to the bade. An average size indoor 
shot with F 3.5 lens (50 mm.) at three and one-half feet. Exposure 1/40 second. Source 
of light: daylight and photoflood. Film: Eastman Supersensitivc Panchromatic. 


Association I observed two physicians with small cameras apparently no larger 
than the vest pocket size, taking snapshots in the subdued light of the scien- 
tific exhibit. Feeling that, if these photographers actually had anything on the 

•Received for publication, July 31, 1934. 
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fi l m when they returned home, it would be a very desirable type of camera, 
I inquired as to the make. The result was the purchase of a Leiea Camera 
made by B. Leitz, Inc., well known as manufacturers of microscopes and 
lenses. Trouble at once began. It was soon found that one must know 
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lography, who in a remarkably short period of time instructed me in the 
intricacies of really expert photography.* 

The details of technic having been once mastered, the flexibility and 
range of usefulness of this camera is truly astonishing. It is so small that it 



Eig. 1. — Acute trichophytosis of ham! with secondary infection and extensive tissue de- 
struction. Much of the dead skin had been trimmed away. Elmar 50 min. lens and sliding 
focusing copy apparatus. Gieen “B” (5S) lllter. Exposure 1/30 second. This picture forms 
an excellent record for comparison after treatment. The hand is now completely cured. 



Fig. 5. — Close-up showing detail of eye. Elmar 50 mm. lens with front lens No. 3. No 
filter. Snapshot at 1/10 second using Supersensitive Panchromatic Him. 


may be carried in the pocket, and yet with the appropriate accessory attach- 
ments it can be used for anything from photomicrography at one extreme to 
telephotographj' at the other. The modern photoflood lamp makes indoor 
snapshots as easy as or even easier than outdoor shots. The so-ealled speed 
lenses make night photography simple. The fine quality of the lenses and 


'Mr. Tillery’s services are available for this purpose. 
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of the motion picture film which is used in the camera permit enlargement ten 
or more times without the appearance of grain. 

Although using motion picture film the Leiea is a “still" camera. From 
36 to 40 exposures may be made on one loading. This amount of film costs 
about twenty-five cents when purchased in bulk. After the initial investment 
the cost of photography is reduced to a minimum, since we are dealing with 
a miniature camera requiring only a very small amount of film surface and 
of developing material. And yet, when these exposures measuring an inch by 
an inch and one-half, scarcely larger than a postage stamp, are enlarged, they 
are as clear as are contact prints made with larger cameras. 

Since the camera is so small and can be easily carried in the pocket, its 
versatility is still further increased in that it may be used for pleasure as 
well as in one’s work. 



Figs. S and 9. — Photomicrographs of cat-tall and dandelion pollen, enlarged one thousand 
times. Spencer microscope with high dry objective. No. 10 eye piece, sliding focusing copy ap- 
paratus with extension tubes and no camera lens. Source of light: one photoflood bulb. Ex- 
posure three seconds, using pienachrome fllm. 

The nine- accompanying photographs, from the writer’s collection, illus- 
trate the flexibility and versatility of the Leica in clinical work. 

Charts and other illustrations may be photographed. Lantern slides are 
prepared without difficulty. Figs. 7 to 9 illustrate the flexibility of the 
apparatus. 

From the illustrations it will be seen that passable clinical photographs 
may be made by a novice. The average clinician has neither time nor room 
in his offices for an elaborate photographic set-up. Speed lenses, supersensi- 
tive film, and the inexpensive photoflood bulbs permit of snapshots indoors. 
This obviates the necessity of an elaborate set-up and enables one within five 
minutes to have made a permanent record of any interesting or unusual clini- 
cal observation. The inexpensiveness of the film (less than one cent per shot) 
makes it possible to keep permanent records of any type of clinical subject 
which is photographically recordable. 
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TUBERCULOSIS: A Successful Method of Cultivating Tubercle Bacilli, Cowen, M. E., and 

Henderson, E. J. Am. Rev. Tub ere. 29: 3<iS, 1934. 

The medium used is prepared as follows (formula for about 120 tubes): 

450 c.e. milk (cream removed) 

IS gm. potato Hour 
2.0 gm. asparagin 

225 gm. potato (peeled and sliced thin) 

12 eggs 

3 egg yolks (additional) 

35 e.c. glycerine CM’, (sterile) 

30 e.c. 2 per cent aqueous solution of malachite green 

Put the sliced potato, the potato flour and the milk into a double boiler and dissolve 
the asparagin in the mixture. C'ook for two hours, stirring constantly until the mixture 
becomes sticky; then stir occasionally. 

Sterilize the eggs by rubbing with alcohol and flaming. Break the whole eggs into 
a sterile 2-liter Erlenmeyer flask, add the extra egg yolks and shake well, breaking the 
yolks with a sterile glass rod if necessary, ("so a sterile cork or rubber stopper in the 
flask while shaking. Add the glycerine ami 'he dve solution and shake again. 

Cool the potato-milk mixture to 45-50° C.; add the egg-glycerine mixture slowly, 
stirring thoroughly; and filter through sterile gauze into a sterile beaker. The medium 
thus prepared is neutral to litmus. 

The shaking of the flask causes a very persistent, line-bubbled foam, which should 
be removed by skimming with (ilter paper or with a sterilized piece of fine wire gauze; 
otherwise the slants will have an undesirable porous surface. The medium, in 4 to 5 c.e. 
quantity, as desired, is now poured into culture tubes which have been sterilized with their 
cotton plugs inserted. The cotton plugs are replaced and covered with rubber caps in- 
stead of with paraffin. 

The final sterilization of the tubed medium is in an Arnold sterilizer. The tubes 
are arranged in a slanting position in the cold sterilizer, and care must be taken that 
they do not slant enough to bring the medium into contact with the cotton plugs. 

The sterilizer is heated slowly to 80° C. which should require about one and one-half 
hours, and the temperature should not be permitted to go much beyond that point. It can 
be controlled easily by the opening and closing of the sterilizer door. 

It is preferred not to let the temperature get above 45° during the first half-hour 
and from 45 to (S5° in the second half-hour; reach S0° at the end of the third half-hour; 
and then hold it at that point for twenty minutes. 

If there is a considerable quantity of sputum, take about 1 c.e. from the bottom of 
the container, from the purulent or mucopurulent part of the specimen and place it in 
a sterile petri dish. Add from 1 to 2 e.c. of 5 per cent oxalic acid, depending upon the 
consistency of the sputum, thick, mucopurulent or purulent specimens requiring the larger 
quantity. Macerate thoroughly with a small, sterile wooden applicator. Pour into a 
sterile centrifuge tube and place in the incubator at 37.5° 0. for one-half to three-quar- 
ters of an hour, shaking occasionally. 

On removing the specimen from the incubator, add sterile normal salt solution until 
the tube is nearly full; mix, centrifugate and pour off the supernatant fluid except about 
2 c.c. which is mixed thoroughly with the sediment. A slide is then made from the sedi- 
ment mixture for the usual staining and microscopic examination. If no tubercle bacilli 
are found in this stained specimen, the material remaining in the centrifuge tube is seeded 
upon four tubes of medium, either by means of a sterile pipette, or, if the material is 
very thick, by a flamed wire loop. 

After being incubated for about ten days, the cultures are carefully examined and, 
if the surface appears suggestive of a growth, a slight scraping is made for a slide which 
is stained by the usual methods. In this way a diagnosis often is possible' before the 
appearance of definite colonies, but it must be remembered that such scraping with the 
wire loop may remove the only growth on the surface of the slant and prevent later con- 
firmation of the diagnosis. 
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_ • tb„ viv«t Year of Life: The Anemia of Prematurity, Merritt, K. K., and 

■TSK “ Child. «. «, A®. 
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behavior of the ^y^nneedim' Time and coagulation time. Thc values at birth and the 
year, and as to ® « the hemoglobin and the reticulocytes; the value at birth 

lowest levels of the _ej > ^ mcall valucs for all of these elements in the 

and the highest level ' h , aI1 equilibrium for the period studied arc reported, 

blood, fter the b omi time at birth are also reported. 

The values fo^ madc of premature and immature infants who received iron and liver 
and iron with respect to their erythrocytes, hemoglobin, reticulocytes, and platelets. 

Premature infants treated with iron or liver and iron after they became anemic 
showed a greater decline of erythrocytes and hemoglobin and responded more slowly to 
, . ,i-i fji OSO who received antianemic therapy from birth. 

The level of thc reticulocytes from month to month in thc combined groups of un- 
treated premature and immature infants showed a negligible difference as compared with 
the level of the combined groups of treated infants. , , 

TIU 5 platelet value* for the treated premature and immature infants throughout the 
first year are reported. No influence of antianemic therapy on the platelets has been 

found. . , . . . . „ 

This study reiterates the fact that in the majority of premature infants a more or 

less severe anemia develops. An anemia of milder degree develops in immature infants. 
This anemia cannot be entirely prevented, but it can be ameliorated by the early ad- 
ministration of iron in large doses. Iron in the form of iron and ammonium citrate (50 
per cent aqueous solution) has proved to lie a satisfactory preparation in the amelioration 
and the treatment of the anemia. A dosage of 0.3 gm. (0.05 gm. of reduced iron) per 
kilogram appears to be adequate. 


TUBERCULOSIS, The Corrected Sedimentation Sate (C.S.B.) In, Preedman, S. Am. Rev. 
Tuberc. 29: IDS, 1931. 

The corrected sedimentation rate (C.S.R.), arrived at by the Itourke and Emstene 
method (.T. Clin. Invest. 8: 545, 1930) gives the most accurate data in the study of blood 
sedimentation rates and should lie the method of choice in further investigations. 
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Approximately 250 cases of pulmonary tuberculosis are analyzed from the stand- 
point of the C.S.R. 

The grouping of pntients according to their C.S.E. agrees well with their clinical 
classification. 

Tuberculous activity, as measured by both the C.S.E. and the clinical classification, 
and positive sputum arc more frequently found together than are activity and negative 
sputum. 

Patients without rales have less activity, as measured by both the C.S.E. and the 
clinical classification, than patients with rales. 

Patients without fever may or may not have an elevated C.S.E. depending on the 
amount of latent activity. Patients with fever almost invariably have an elevated C.S.E. 

There is no correlation between the duration of the disease of the patients in this 
sanatorium and the C.S.E. 

Gain in weight may or may not be associated with a normal C.S.E., depending upon 
the amount of latent activity. Loss of weight is almost always associated with an ele- 
vated C.S.E. 

Patients with complications show the highest C.S.E. 

Patients receiving artificial pneumothorax therapy show a somewhat lower average 
C.S.E. than do the other patients. Female patients receiving artificial pneumothorax show 
a distinctly greater percentage of normal C.S.R. 

Patients with thoracoplasty have a definitely lower average C.S.E. 

The C.S.E. proved to be of aid in the differential diagnosis of early and doubtful 
cases, being normal in all those cases that were discharged ns nontuberculous. 

Haematoerit values were higher in male patients than in femalo patients. Patients 
with low haematocrits had a much greater percentage of elevated C.S.E. than those with 
normal haematocrits. 

A more widespread use, in sanatoria, of the sedimentation test reported by means of 
the C.S.R. is urged. 

TUBERCULOSIS: Four Years’ Experience With. Examinations of Material Obtained by 

Gastric Lavage, Lester, V. Am. J. Dis. Child. 17: 322, 1031. 

Using the method described below it has been shown that children under ten years 
of ago secrete by no means as many tubercle bacilli as older children and adults. It must 
be remembered, however, that whereas samples were secured from nil children with disease 
or suspected disease, a certain selection was made by the hospitals as to the adults, as 
no material obtained from gastric lavage was sent in from patients with microscopically 
positive expectoration. Thus a large number of the most infectious cases escaped tabula- 
tion, and there is no doubt that the difference in bacteriologic infectivity between the 
two age groups is still greater than appears from the tables. It remains for the clinicians 
to decide how great a danger these children present to persons in their environment. How- 
ever, as no means are yet available for pointing out the relatively few small children 
who intermittently secrete many tubercle bacilli, theoretically, it will be best to keep 
children with positivo gastric contents separate from persons who presumably are especially 
sensitive to infoction, i.e., small children, particularly those who are ill. 

Technic . — From 200 to 300 c.c. of the material obtained by gastric lavage is allowed 
to stand from eighteen to twenty-four hours, after which the sediment is sent to the labora- 
tory. It is centrifugated, and smears are made for microscopic examination. The remain- 
der is divided into two portions, one of which is homogenized with 4 per cent sodium 
hydroxide; the other, with 6 per cent of sulphuric acid by volume. 

. The soda homogenization proceeds at 37° C. for about twenty minutes, the glass be- 
ing shaken now and then. After centrifugation at high speed for twenty minutes the 
supernatant fluid is removed, and the sediment is neutralized with 2 drops of S per cent 
hydrochloric acid; half of this is seeded with a Pasteur pipette in three Lowonstein tubes. 
The rest together with some of the acid-homogenized material, is inoculated, partly sub- 
cutaneously and partly intraperitoneally, into a guinea pig. For the acid homogenization 
about 5 c.c. of 6 per cent sulphuric acid is added, and the sample after vigorous shaking 
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all eases in which there is that some strains best withstand the 

used as a matter of routine, better results with soda homogenization. Thus 
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As soon as a culture rs found to be j®' 1 * ’ Thc one who has sent the specimen 

days, a smear is made for ff m \ e ”“ d P tho culture is put aside for subsequent counting of 
is then notified to this effect, there is n0 growth after six weeks, the 

colonies and perhaps determination of typ If h h who has scnt the culture 

^: f ^r *” — - a few eolonics grow 
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SYPHILIS, A Study of Jaundice In, Wile, U. J, and Sams, W. M. Am. J. M. fee. 187. 

297, 1934. , . . 

. ,, . the „< e 0 f arsenobenzcncs in the treatment of syphilis is a not 

Jaundice following the ^ incidenee in our ser5es an(i m those reported by 

infrequent complicate , hepato toxicit y is exerted by the drugs. 

others indicates that a . h* * S syphili3 , 0 .18 per cent, as compared with 

Thc low -f c ; cc ; x s arsphenamine, further incriminates these drugs as actors. 
a P Tls 8 n e ot believed that posttherapeutie jaundice can be regarded as a hepatorccu, 

rence, as is stated b y^' i ‘ a "| physical findings of the late or delayed type of post- 

The symptomatology and P^ those of infcctious or so-called catarrhal jaundice 

SSi ■»■»“* ■»* ,le hi *‘°v- * re 

not constant or cha ^^ nSt f ' e ' tat henamine jaundice to thc incidence of infectious 
jaundtefr^tefrrbfies, Ledemann and Lemon, is to some extent borne out 

by ° U Iu tU ? 1 fin nor cent of the cases of posttherapeutie jaundice occurred in a period of 
three years, during which time almost half of the eases of infectious jaundice studied for 

'“^Exriaucous^^ocSed factors exerting hepatotoxicity, such as pregnancy, malaria 

an<1 “S^iaSolS acute r>H«w atrophy in 2 fatal cases studied, as well 

♦ hor« rooorted in the literature, indicate that the icterus results from a severe intoxica- 
tion and destruction of the liver substance analogous to other forms of poisoning leading 

tn <>euto yellow atrophy ■ ...... 

Until more accurate means are at hand to determine susceptibility and liver function, 

id until the drug is modified to make it less bepatotoxie, postarsphenamine jaundice will 
a ” r to be among the severe complications of the modern treatment of syphilis. 


STREPTOCOCCI, Study of the Physiological Properties, Physical Properties, and Virulence 
of a Group of, Thompson, R. L„ and Megrail, E. Am. J. Hyg. 19: 457, 1934. 

In a group of 120 streptococcus strains, chiefly- of human origin, a high correspondence 
was found between plate hemolysis, test tube hemolysis and thc limiting hydrogen ion 
concentration. 

As a rule, the same streptococcus strains were inhibited by sodium chloride, sodium 
riciuolcate, ox bile nud by certain dyes. Growth of most of the beta and about half of 
the nonbeta strains was uniformly- inhibited by these agents. 
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Streptococcus .strains which were resistant to the bacteriostatic reagents possessed 
low isoelectric points. Strains which were nonresistant had high isoelectric points. 

All strains virulent l'or white mice produced beta hemolysis. Likewise, of the strains 
tested, all cultures found to be toxigenic were of the beta type. 

Individually or collectively, the above tests failed to separate this group of strep- 
tococci into smaller groups of significant meaning. 

FECAL BACTERIA: Differentiation of A. Acrogenes and A. Cloacae on the Basis of 

the Hydrolysis of Sodium Hippurate, Hajna, A. A., and Damon, S. R. Am. .1. Hvg. 

19: 545, 193-1. 

The hydrolysis of sodium hippurate by .1. uerogi-nest may be used as a further reli- 
tlblo cultural means of differentiating this species from .1. cloticnr in addition to, or in 
place of, the usual gelatin liquefaction test or reaction in adonite and inosite. 

In determining hydrolysis of sodium hippurate the ferric chloride test may be carried 
out but the result may be anticipated by simple inspection as the cultures of J. cloacae 
remain clear in contrast to the turbidity seen in the cultures of .1. acrogenc.i. 

BLOOD, Studies of, in Normal Pregnancy, Dieckmann, W. J., and Wegner, C. R. Arch. 

lilt. Med. 53: 345, 1954. 

The normal figures for serum protein and librin reported in the literature for both 
nonpregnant and pregnant women are based on a relatively small number of determina- 
tions, and the data on the latter are especially confusing, cither because of the methods 
used or because serial determinations on the same women were not made. 

Determinations of serum protein, librin and plasma volume were made on various 
patients for the different periods of pregnancy and the puerporium. The results were 
studied statistically, and the following conclusions were made: 

1. The changes in percentage of serum protein and in the amount of serum protein 
per kilogram of body weight are of no signilicance. 

2. The changes in percentage of librin and in amount of fibrin per kilogram of body 
weight are significant. At term the former has increased 20 per cent and the latter 30 
per cent. 

A similar study in which the observations were made on the same women indicates 

that: 

1. The serum proteins at term arc from 0.3 to 15 per cent, average 7 per cent, below 
those of the first tiimester. There is a still further decrease the first few days post- 
partum and then a slow rise, reaching a normal figure at about eight weeks postpartum. 

2. The amount of serum protein per kilogram remains rather constant during preg- 
nancy, ranging from 2.5 to 3.5 gin., with an average that is approximately 3.0 gin. per 
kilogram. 

3. Determinations of the total amount of serum protein indicate that there is an 
average increase of 14 per cent at from twenty-six to tliirty-live weeks, and an increase 
of 18 per cent at term. The figures postpartum are extremely variable, with the major 
portion of the patients showing a decrease which, after the first week, is almost negligible. 

4. Figures for the percentage of fibrin show marked variations, but there is an aver- 
age increase at term of 10 per cent. At eight weeks postpartum the figures are still above 
normal. 

5. The grams of fibrin per kilogram show a more marked increase during pregnancy, 
reaching a maximum during the first week postpartum and then slowly decreasing, but at 
eight weeks the figures are still above normal. 

(j. Determinations of the total amount of fibrin indicate an average increase of 
23 per cent at from twenty-six to thirty-five weeks, and an increase of 40 per cent at 
term. During the first week postpartum there is a slight decrease amounting to 5 per 
cent, but at eight weeks the average decrease is 20 per cent, thus furnishing additional 
evidence that there had been an increase in pregnancy. 
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a Test for Occult Blood, Especially in the Urine, Stone, 
0CC T^—,ar?^.r4: 15,9, 1931. 

1. Orthotolidinc 1 per cent in ^ methyl alcohol. (It d.sso ves 

**‘*£25 acctie^ci^on^par^and'^ oniniercial hydrogen peroxide two parts. (This 

kceps’for three or four mouths, J "fjtrifugatcd at about 1,500 revolutions per 

3. Fifteen cubic ■ «nt«nete« » ^ ^ . g poured 0 „. A portion of the sediment 

minute for five minutes. To P To th(J remalnin g sediment 

is Prepared for miero^ic ^ led pL Jo or three drops of the acid- 

two drops of the ° r “ 1 encc of b i 00 d cells aggregating 100 per c.mm. of sediment 
peroxide solution. In P ^ . eeni sh Wuc color develops, lasting about one 

(approximately 1,350 pc • • ^ J 5QQ red cel , s per c .,nm. of sediment (approximately 

minute. In the presence a dcopcr blue color develops lasting about one minute. 

4,000 to 6,500 cellspcr . . of J ccHS| aggregating 1,000 per c.mm. of sediment 

la the presence of toracr ^ q£ urinc) as iu hemorrhagic Bright’s disease (glomerulo- 
(approximately ’ P ior devclops lasting two minutes or longer. 

nephritis a deep Wu ^ ^ ^ ^ sodium hydroxide, strong trisodium phosphate 

Undiluted strong alkalis will give positive reactions. Pus cells or any 

>"«»>•= '”“”1 “ C ™ P0 ”“ ve 

reactions. 

«r-wTf<K TEST Comparison of Dick Test and, in Mothers and Newborn Infants, Kothholz, 
A , and Kuttner, A. G. Am. J. Dis. Child. 47: 559, 1934. 

„ tv six children who had given positive reactions to the Schick test before tonsil- 
lectomy were retested about six months after the operation. Eighteen per cent of them 

gave ^ OIltoIls illectomized controls who gave positive reactions to the Schick test, 

„ ccnt gave negative reactions after about six months. 

All the subjects came from congested urban districts and were mostly Porto Rican 

immigrants. , _ 

The earlier rate was not higher in the controls than in the tonsilleetonuzed children. 
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Ueber die Sogenaute Primare Kryptogenetische oder Metastatische 
Streptokokkenperitonitis- 

Tins is a thesis which was defended by the author before the medical faculty of the 

1 TTniversitr of Helsingfors April 1, 1933. , 

From a study of the literature (100 references) and the 67 cases which lie reports h 
concludes that primary strcptoeoccic peritonitis is a metastatic manifestation of a general 
sepsis. Usually it is the first metastasis and because of its high mortality usually the last. 

When the course of the attack is stormy from the start he finds that an operation is 
not worth while; his mortality in the unoperated cases being 100 per cent and in the 
operated cases, 94 per cent. In milder cases an operation may be indicated. 


Handbuch der Cbemotherapiet 

nPHIS is Part II of the comprehensive German Handbook of Chemotherapy the first part of 
1 which was reviewed in the June number of this Journal. Part II takes up the 
metallic compounds, metal by metal, in a characteristically German way. It starts off with 
the arsenic compounds, gives first a general introduction and history of their use and then 
divides them into the acyclic compounds, the phenyl arsenic acid compounds and the arseno- 
benzene compounds. Under each head the individual drugs are discussed. Take, for example, 
atoxyl. He first gives its chemistry including a. graphic formula, then its pharmacology and 
toxicology and then the therapeutic results. Hi this way 207 pages are given to arsenic includ- 
ing 2,900 references to the literature. In a similar way iodine is given 58 pages with 1,600 
references mercury 75 pages with 2,000 references, etc. The eight major metals so treated 
are arsenic, antimony, bismuth, iodine, copper, silver, gold and mercury; eleven other metals 
are given minor consideration. 


•Ucbcr Ole sogenante primare 
( Concerning the so-called primary 
II. Wordlund. Helsingfors. 1333. 


kryptogenetische Oder metastatische streptokokkenperitonitis. 
crj ptogcnetic or metastatic streptococcic peritonitis. ) By 


tllandbueh der Chcmotlierapie. Zweiter Teil. Jletallderivate von Hr Viktor T.ixn.i 
Prof. Dr. Hans Scldossberger. Fischers Mcdizinische BuckhaTdUris. £"5^^, 1934. 
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EDITORIAL 


Inversion of the Uterus 

I N EVERY field of medical practice one finds at least a few conditions which 
are so unusual or so infrequent as to merit the interest of physicians in general. 
Such a condition is inversion of the uterus, occurring in an estimated frequency 
of 1 in every 250,000 deliveries. 

Uterine inversion usually occurs postpartum and appears often to follow 
too violent traction on the cord or manipulation of the fundus through the 
abdominal wall in Crede technic. At the same time a surprisingly large propor- 
tion occurs in the absence of either of these procedures and appears to be spon- 
taneous. The first serious discussion of this condition was by John Crosse of 
England in 1846. There have been numerous reports in the literature since 
then but, even so, this complication of pregnancy appears to be very rare indeed. 
The generally accepted explanation is that during postpartum contractions 
of the fundus, the thin rather weakened uterine wall at the previous placental 
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site invnginates spontaneously. The thicker surrounding wall then grasps this 
in vagina ted portion and. gradually milks it down through the cervix and out in- 
to the vagina. This may occur immediately alter delivery or after hours or 
days. “After any portion of the uterus becomes indented to a considerable 
extent the rest of the organ seizes this invaginated portion as it would grasp a 
foreign body, and, in attempting to expcL it, turns itself inside out.” Un- 
doubtedly there arc many mild unrecognized eases. Spontaneous readjustment 
of a partial inversion probably not infrequently takes place and is seldom recog- 
nized. This matter of downward traction on the incupping fundus, by the rest 
of the uterus, probably explains the many cases of spontaneous inversion. When 
we think of the brutal force that is sometimes applied in attempts to expel the 
placenta, without resulting inversion, it becomes obvious that there must he 
some other spontaneous factor at work in a large proportion of eases. Findley 
estimates that one-tliird of all puerperal inversions arise spontaneously, in the 
absence of traction on the cord or pressure from above. Thorne found 54 per 
cent of 437 cases to be spontaneous. 


Phaneuf sums up the etiology as follows: “Although spontaneous inver- 
sion may oeeur, one of three factors is usually necessary for the production of 
this condition-, namely, undue relaxation of the uterine wall, pressure from 
above, and traction on the fundus from below. In addition the employment of 
the Crcde expression on a relaxed uterus, or before placental separation, the 
erect posture in labor, a short cord, straining of the abdominal muscles during 
labor, coughing, sneezing, fundal implantation of the placenta, and the pressure 
of submucous fibroids during pregnancy are all contributory factors.” 

Reeve states, “the action may occur independently of anything done or 
omitted.” Cases have been ascribed to coughing and straining at stool though 
in such cases it is probable that there had been a preexisting unrecognized 
partial inversion of the fundus. 


Smither and Holloway estimate that the complication occurs once in two 
or three hundred thousand cases. They state that in St. Petersburg there was 
no ease recorded in over 250,000 deliveries. In Dublin there was one case in 
200,000. Few even among those who are specializing in obstetrics have seen a 
case. Phaneuf found in a review of the literature, one case in 125,000 labors. 


This always becomes a serious complication of pregnancy if the inverted 
fundus passes the cervix. The symptoms are shock and hemorrhage. The death 
rate is high, being variously estimated as from 14 per cent to over 75 per cent 
There is some difference of opinion regarding treatment. Most authors recom- 
mend replacement as soon as the complication has been recognized Sometimes 
manual replacement is possible, at others laparotomy j.s necessary In the ores 

r° ot ™' 1 ' sl ;°f „t;, ‘ m ! hon t,™*,™,, ana s „ ppo l rti v, 

therapy. Other, t« that the danger from delay retire, replacement even in 
the presence ot shock. 


The condition is so infrequent that if is nfm., , 

men. Poster Kellogg mites, ‘^Villi",,,s J.,,1 f TT"* "* * P»* 
that it should be, but in our erne, ic, ice 'we her S "°‘ , ' s ,s cas -'’> a,l<1 "« WK 
trained obstciriciuns." IVEr, .TT “ "£ fT “ ** ««• 

O’ 111 Jus mic " ot the cases observed at the 



566 


THE JOURNAL OP LABORATORY- AND CLINICAL MEDICINE 


Boston City Hospital, and of the importance of prompt recognition, stresses his 
feeling that an effort should be made to emphasize the importance of this com- 
plication in medical schools, and in the profession at large. 
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NEWS AND NOTES 


The American Neisserian Medical Society 

The American Neisserian Jledical Society was founded on Juno 12, 1934. It is dedicated 
to the promotion of knowledge in all that relates to the gonococcus and gonococcal infections, 
that there may be attained improvement in the management of gonorrhea and a reduction in 
its prevalence. There are 115 charter members and the officers are: 


Dr. Edward L. Keyes, New X'ork, Honorary President 

Dr. J. Dellinger Barney, Boston, President 

Dr. P. S. Pelouze, Philadelphia, Vice-President 

Dr. A. L. Clark, Oklahoma City 

Dr. Walter Clarke, New York 

Dr. R. D. Herrold, Chicago 

Dr. N. A. Nelson, Boston 

Dr. Oscar F. Cox, Jr., Boston, Secretary-Treasurer 


I Executive 
f Committee 


The Society plans to carry out the following progiam: 

A. The scrutiny of the management of gonorrhea in both male and female. 

B. Clinical and laboratory research in the diagnosis, medical and social pathology, 
and the treatment of gonorrhea. 

C. Dissemination among the medical profession and the public of authoritative 
information concerning gonorrhea. 

Xlembersliip is limited to: 

A. Residents of the United States or its territories, Canada or Xlexico. 

B. Graduates of a medical school recognized by the American iledical Association. 

C. Those who are engaged in some phase of the management of gonorrhea. 

Invitation to membership is extended to all qualified physicians who desire to work for 

improvement in the management of gonorrhea. Application blanks can be obtained from the 
undersigned. 

Oscar F. Cox', Jr., XI.D., Secretary 
475 Commonwealth Ave. 

Boston, XIass. 
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CLINICAL AND EXPERIMENTAL 


THE VOLUME THICKNESS INDEX OF THE ERYTHROCYTE OF MAN* 


Russei.,1, L. IIaden, M.D., Cleveland, Ohio 


N ORMALLY, the erythrocyte of man is a biconcave disc with a remarkable 
constancy in shape and relationship of diameter to thickness. With a 
variation in volume of the cell, the changes in diameter and thickness are 
usually relatively equal. Thus, in the characteristic macrocytosis of pernicious 
anemia, both the diameter and thickness are increased, and in microcytic 
anemia the two dimensions are equally decreased. In certain clinical condi- 
tions, however, the normal relation between diameter and thickness is altered 
With obstructive jaundice, the diameter increases at the expense of the thick- 
ness, so that the cell becomes flattened or less globular; in congenital hemolytic 
jaundice, the reverse takes place and the cell becomes more globular. The 
importance of this fact in the diagnosis of congenital hemolytic jaundice and 
of the relation of the shape of the erythrocyte to its resistance to hypotonic 
sodium chloride solutions has been discussed elsewhere. 1 


There is no satisfactory method for direct determination of the thickness 
of an erythrocyte. Emmons 2 measured the thickness of rouleaux of red cells 
m wet preparations and calculated the thickness after counting the number 
of cells m each rouleau measured. The thickness can be calculated, however 

dinmnsiomMclmrt 77*, -7* P"Wed a three 


•From the Cleveland Clinic 
Received for publication, July 
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mean diameter, with the vertical line, representing the measured mean cor- 
puscular volume, is spotted. A line down from this point crosses the gradu- 
ated vertical line at the left at the mean erythrocyte thickness. 

The thickness of the erythrocyte is important chiefly because it allows 
exact determination of the shape of the cell, if the volume and thickness are 
known. Yon Boros 4 suggested a “thickness index" to express numerically 
the relative thickness. He determined the “thickness index” by dividing the 
mean corpuscular volume as determined directly from the cell count and 
hematocrit reading by the mean corpuscular volume, as calculated from the 
mean cell diameter. The calculation of the mean corpuscular volume from the 
mean cell diameter is made by a rather complicated formula, evolved by von 



Cell Volume in Cubic Microns 

Fig. 1. — Three dimensional chart for calculating the thickness of the erythrocyte from the 
diameter and volume (after von Boros 3 ). 

Boros and applicable only when a variation from normal in the diameter is 
accompanied by a similar and equal variation in thickness. 

A true “thickness index” should indicate onlj r the thickness relative to 
normal. The index suggested by von Boros takes into consideration both 
volume and thickness, and so expresses numerically the tendency to globular 
form. In pernicious anemia, the thickness is increased with the macrocytosis 
but the diameter is equally increased. A true “thickness index” would thus 
be greater than 1.00. Since the change in all dimensions is equal, however, 
the relative shape or globularity of the cell is unchanged. The index pro- 
posed by von Boros is accordingly best termed the volume thickness index, 
since it shows the relation of volume and thickness relative to normal. The 
volume thickness index is defined as the relation between the measured mean 
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corpuscular volume and the calculated corpuscular volume of a coll corre- 
sponding to the measured mean diameter and having the normal relation be- 
tween diameter and thickness. If the volume thickness index is greater than 
1.00, the cell is thicker than normal in relation to diameter and volume, and 
so is more globular than normal ; if the index is less than 1.00, the cell is 
thinner than normal in relation to diameter and volume and thus is less globu- 
lar than normal. The absolute thickness of a cell is best expressed in relation 
to the absolute diameter as the diameter thickness ratio. 
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The volume thickness index can be calculated much more simply than as 
described by von Boros if a nomogram (Pig. 2) showing the volume index 
corresponding to the cell diameter is employed. It is estimated as follows- 

u«Wn D bloo!T C UlC IUCaU C ° rPUSC " lar VOlUnU: iU CuWc the volume index of the 

-■ Measure the diameter of at least °00 red rolls „ 1 , . , 

diameter of the unknown blood. C 3 Cakulate t,le mean erythrocyte 
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3. Column D in the nomogram shows the volume index of the erythrocyte corresponding 
to different diameters. Find the volume index corresponding to the measured mean erythro- 
cyte diameter of the unknown blood. 

4. The mean corpuscular volume corresponding to the volume index is calculated by 
multiplying the normal mean corpuscular volume by the volume index. Calculate the mean 
corpuscular volume of the unknown blood by multiplying the normal mean corpuscular volume 
by the volume index found corresponding to the measured mean diameter of the unknown 
blood. 

5. Calculate the volume thickness index (V-T I) by dividing the mean corpuscular 
volume of the unknown blood, as determined directly from the cell count and hematocrit 
reading, by the calculated mean corpuscular volume corresponding to the measured mean 
erythrocyte diameter. 



Fig. 3. — Cross-section diagrams of the mean erythrocyte in various clinical conditions. 


ILLUSTRATIVE CALCULATION 


Normal mean corpuscular volume 

Normal erythrocyte diameter 

Normal erythrocyte thickness 

Normal diameter thickness ratio 

Normal volume thickness index 

Mean corpuscular volume of unknown blood 

Mean erythrocyte diameter of unknown blood 

Mean erythrocyte thickness of unknown blood 

Diameter thickness ratio of unknown blood 


= 90 cubic microns 
= 7.7 microns 
= 1.95 microns 
= 7.7:1.95 or 4:1 
= 1.00 

— SI cubic microns 
= 6.5 microns 

= 2.45 microns 

— 6.5:2.45 or 2.6:1 


From the nomogram the volume index of a cell with a diameter of 6.5 microns (Col- 
umn C) is 0.60 (Column D) if the thickness is decreased equally with the diameter. The 
corpuscular volume of this cell is 0.60 x 90 = 54 cubic microns. 

The volume thickness index (V-T I) = Sl/54 = 1.50. 


SUMMARY 

Knowledge of the exact measurements for all three dimensions of the 
mean erythrocyte may be of clinical value. 

The thickness of a cell may be calculated if the diameter and volume are 

known. 
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The relation between the diameter and thickness is best expressed as the 
diameter thickness ratio. 

The volume thickness index expresses numerically the tendency to globu- 
lar form or the spherocytosis of the erythrocyte. 

Table I 


Typical Cell Measurements 



MEAN erythrocyte 


ERYTHROCYTE 
VOLUME COR- 



VOLUME 

CUBIC 

MICRONS 

diameter 

MICRONS 

THICKNESS 

MICRONS 

DIAMETER 

THICKNESS 

RATIO 

RESPONDING TO 
MEASURED 
DIAMETER 
CUBIC 
MICRONS 

VOLUME- 

THICKNESS 

INDEX 

Normal 

90 

7.7 ■ 


4:1 

90 

1.00 

Pernicious anepiia 

135 

8.89 

2.20 

4:1 

139 

0.96 

Microcytic anemia 

63 

7.07 

1.60 

4.4:1 

69 

0.91 

Obstructive jaundice 

92 

8.57 

1.60 

4:1 

123 

0.75 

Chronic hemolytic 
jaundice 

90 

6.18 

3.02 

2:1 

47 

1.92 


Methods for determining these measurements have been furnished and 
typical findings recorded. (Typical measurements in several clinical condi- 
tions are shown in Table I, and a cross-section view of cells corresponding to 
these measurements in Fig. 3.) 
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THE EFFECT OF THYMOL ON THE PROGRESS OF RABBIT 

MONILIASES'* 


W. D. Stovall, M.D., S. B. Pessix, M.D., and Lois Almox, Pu.D., 

Madison, Wis. 


IXTRODUCTIOX 

T HE proper treatment of pulmonary moniliases is, at present, an uncer- 
tainty. Iodine, iodides, gentian violet, and thymol have all been used with 
varying degrees of success. The need for laboratory experimentation is ap- 
parent. Thymol was the agent chosen for this study because it was the most 
active of any tried in preliminary test tube experiments. 

The value of thymol as a bactericidal agent has long been known. More- 
recently its fungicidal action has also been recognized. But in the treatment 
of disease the drug has been used primarily as an anthelmintic. Its use in 
other types of infection is still in the experimental stage. 

A paper by Myers and Thienes, 1925, reports favorable results from the 
use of thymol in the treatment of fungous infections of the skin. In the treat- 
ment of two cases of pulmonary mycosis the results were contradictory. A 
later paper by Myers, 1927, gives data on the fungicidal properties of thymol 
and volatile oils in vitro. Thymol was the most active of any of the sub- 
stances which he used. Mitchell in an address, 1927, expressed substantiation 
of the results of Myers and Tliieues in the treatment of skin lesions. But aside 
from these reports the literature is devoid of information concerning the pos- 
sible value of the drug in the treatment of mycoses. 

With the standardization of morbid and lethal doses of Monilia albicans 
and Candida for rabbits (Stovall and Pessin, 1933), it has become possible to 
measure the effects of thymol on the progress of infection. This is what has 
been attempted in the work herein reported. Studies on the fungicidal action 
of thymol in vitro and on some aspects of the pharmacology of thymol for 
rabbits were undertaken also in order to lay a more solid foundation for the 
investigation of prophylactic and therapeutic value. 

THE INHIBITORY AND CIDAL ACTION OF THYAIOL ON MONILLV SPECIES 

The value of a drug in the treatment of infectious processes lies in its 
ability to cause the death of the invading organisms, directly, by action on 
the organisms or, indirectly, by checking their multiplication and allowing 
the natural cidal agencies of the host to act upon them. The inhibitory or 
cidal action in laboratory media or aqueous suspensions, while not a measure 

•From the State Laboratory of Hygiene, University of Wisconsin. 
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of the same reactions in an animal host, may nevertheless serve to indicate 
whether such reactions are at ail possible. 


CIDAL ACTION 

The procedure to determine what concentrations of thymol would kill 
nionilias and what period of time was necessary for the action was as follows. 

Cultures were grown in 1 per cent glucose broth in centrifuge tubes for 
forty-eight hours, after which the growth was thrown down, the supernatant 
liquid removed and the appropriate strength of aqueous thymol solution 
added. Portions of the resulting suspension of organisms were removed at 
stated intervals to malt agar and glucose broth to test for viability. Six cul- 
tures were used throughout; two of Monilia p ara-psilosis, two of M. albicans, 
and two of SI. Candida. The thymol was allowed to act at 25° C. 

One to one thousand/ 4 1 .-2,000, and 1 :5,000 dilutions of thymol were used 
for intervals of 1, 2, 5, 10, 15, 60, and 120 minutes with the following results: 
The 1:1,000 concentration killed five cultures in less than one minute, and 
all of the cultures in less than five minutes. The 1 :2,000 concentration killed 
the two SI. Candida cultures in less than five minutes, the two SI. albicans cul- 
tures in. less than fifteen minutes, but failed to kill completely both of the 
cultures of ilZ. parapsilosts. 

In an attempt to determine the effect of the presence of NaCl in the re- 
acting mixture of cells, thymol, and water, the thymol was dissolved in sterile 
0.9 per cent NaCl solution, and the experiment continued in the manner just 


Table I* 

Growth on Malt Agar op Monilia Cultures Subjected to the Action of Aqueous Thymol 
Solution and Thymol Dissolved in 0.9 Per Cent Sodium Chloride Solution 


CULTURE 


concentration 

OF 

THYMOL 


P 3 
P 4 
A 7 
A S 
C 3 
C 4 


1:1000 

1:2000 

1:1000 

1:2000 

1:1000 

1:2000 

1:1000 

1:2000 

1:1000 

1:2000 

1:1000 

1:2000 


TIME IN THYMOL SOLUTION 


1 MINUTE j 

5 MINUTES ) 

15 MINUTES 

WITH 

WITHOUT 

WITH 

WITHOUT 

WITH 

WITHOUT 

NACL 

NACL 

NACL 

NACL 

NACL 

NACL 

i 

- 

— 




+ 

4- 

+ 

+ 

+ 

1 + 

“ 

— 

— 

— 

— 


+ 

+ 

+ 

+ ! 

4* 

+ 

— 

— 

— 

- ! 


— 

+ 

+ 

+ 

+ 

~ 

- 

— 

4* 

— 

— 

— i 



4* 

4 

+ 


+ 

“ 

— 

- 

- 


_ 

4 

4- 

- 

~ 

- 

— 

- 


— 

- 

- 1 


1 + 

i + 

- 

- 

- 

- 


•Thymol action at 25"C. Incubation of malt agar at 37*C 
Streaks from the suspensions of organism* „ , , 

throughout. Samsms in salt solution without thymol showed growth 

+ indicates growth. 

- indicates no growth, 

P Indicates culture of Monilia parapsilosis. 

A indicates culture of M. albicans. 

C Indicates culture of .If. Candida. 

•One gram of thymol will dlsmlv.. „„„ 

Since thymol is volatile, the resulting solution ° r "' at «r at 3~°C., after three to four days 
but will be designated as such for the purpose of comparij’om ^" 4 a 1 eon ^m>aUoh, 
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described, using 1:1,000 and 1:2,000 dilutions of thymol and removing por- 
tions of the suspension of organisms to malt agar at one-minute, five-minute, 
and fifteen-minute intervals. Controls consisted of suspensions of the organ- 
isms in thymol solution without salt and in salt solution without thymol. 
Table I gives readings from the malt agar streakings after four days. With 
only one culture, AS, was there any difference between the survival in thymol 
solution with salt and a similar solution lacking salt. It may be concluded, 
therefore, that the presence of NaCl has little effect upon the cidal power of 
thymol in aqueous solutions. The greater resistance of Monilia parapsilosis 
to the more dilute solution is of academic, if not practical, interest. In general, 
it would seem that thymol in concentration of 1 :1,000 kills in less than one 
minute the three species of Monilia with which we deal. 

INHIBITION 

Cultures of Monilia are most commonly grown in this laboratory on malt 
agar or in 1 per cent glucose broth. These media are favorable for abundant 
growth. The addition of tli 3 'mol to these media would, therefore, be a means 
of determining the inhibitory concentrations. Accordingly, amounts of the 
1:1,000 aqueous solution were added sufficient to afford concentrations of 
1 :5,000 and 1 :10,000 in the malt agar and glucose broth. A 10 per cent alco- 
holic solution was utilized in producing concentrations of 1 :1,000 in the two 
media. The pH of the malt agar was 6.0; that of the glucose broth, 7.6. After 
inoculation, observations to detect growth were made from time to time over 
a period of two weeks. Brom-thymol-blue was added to the glucose broth to 
facilitate the detection of growth, since all of the cultures used readily pro- 
duce acid (and gas) in this medium. From those tubes in which an acid 
reaction appeared, wet mounts were made for microscopic examination to 
rule out the possibility of a contaminating organism having been responsible 
for the production of the acid. Control tubes without thymol were also set up. 

The results may be briefly stated. A concentration of thymol amounting 
to 1 part in 5,000 parts of malt agar inhibited growth for a period between 
forty-eight hours and four days ; occasionally longer. In glucose broth, in- 
hibition by this concentration was complete over a two-week period for IS 
of the 19 cultures used in the experiment. The remaining one showed no 
growth at the end of the first week, but developed during the second week. 
Transfers from these tubes at the end of two weeks to glucose broth without 
thymol resulted in growth in every case, showing that the organisms had not 
been killed by the 1 :5,000 concentration but merely prevented from growing. 

It was desirable to see what effect the pH of the media might have upon 
the inhibitory power of thymol. For this purpose the malt agar was made up 
at a pH of 7.8 as well as 6.0, and the glucose broth at 6.2 and 7.8. "With both 
media, inhibition was slightly aided by the alkaline reaction, but the differ- 
ence was not striking. A thymol concentration of 1 :4,000 was completely in- 
hibitory for two weeks (the duration of the experiment) at both hydrogen 
ion concentrations. 

Since inhibition or cidal effect in the presence of body fluids would be the 
test of the value of thymol in infectious processes, an experiment using thymol 
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STOVALiL* 

;n rabbit serum was also eonduoted^ Due ' toft * it waS impracticable 
„£ thymol to 5,000 of 4/5 serum to t0 slloIl an extent as to destroy 

otthe aqueous solutton tvoold ddnte the ^ 00 „ siste<1 ot tubes eon- 

the value of the experiment. Hence ^ t o£ a satura ted aqueous solu- 

tainiug four parts of rabbit serum ^ in tUymo i and with 1:5 000 

tion of thymol; with the san * Three cu i t ures, representing the three 
thymol in glucose broth as e ■ ^ All of the tubes except the tby- 

species of Monilia were used for i 1 * twenty-four hours, indieat- 

molized glucose *™*^*^»£t* part in 5,000 of serum does not 
ing that a concentration of thymol or 
inhibit multiplication of these organisms. 

SOS1E ASPECTS OF THE PHARMACOLOGY OF THYMOL FOR RA 

The following work was ^ndertahen ^^^^s^bSbed 
thymol rabbits can stand ^hout mju^ ^ ^ system . Belatively 

from the alimentary tract, anc ** . abb its. Work by Livingston, 

little work of this kind has been done with^iab ^ ^ Qf 0 grams 0 f 

1921, indicates that these anm but he doeB not describe post- 
thymol for every kl ^ a sugg estion in his work as to what the effect 

mortem findings; and theirs S Seidell’s work, 1915, gives data on 

of frequent, repeated doses^ g ^ He found that prafr 

absorption and retent adm inistered was absorbed, since only negli- 

ticafiy the whole of t , n the feee s, and that that which was excreted 

gible amounts could be i t t twenty _ four hours after the dose had 

in the urine Pjjsjj J bly safe to infer that rabbits would react simi- 

been given. * do J WO rk of the same kind with these animals, 

larly, we have ueverth d through a rubber catheter acting 

The thymol was ^.^e Estimations of the amounts excreted in the 
as a stomach Wbe^ Q ^ ^ by the following method: Sulphuric acid 
urine were made fio ^ o£ 10 per cen t by volume. The mixture 

was added to to* u ^ extracted with ether, the ether evaporated, 

was steam d filled almost entirely of thymol (confirmed qualitatively 

and the ie.su » wa ° we iglied. The feces of two animals were similarly 

4 Y t 1 After varying numbers and sizes of doses had been administered, the 
Cb ' 6 1 were killed and examined for gross and microscopic pathology. 

animals weiekdled a ^ ^ dose which could he tolerated 

repeatedly without ill effect, since upon the size of close would depend the 
concentration in the blood and hence the efficacy of the drug. 

After considering the figures in Livingston’s paper (1921), we decided 
that a dose of one gram of thymol per kilo of body weight would be a sensible 
bwimihi". It was found, however, that while a dose of this order was not 
lethal it was deleterious to the well-being of the animal. The two rabbits fed 

' -.y ,, er cent KOH added. Mixture warmed. A few drops of chloroform added. Shaken. 

The appearance of a violet color indicates the presence of thymol. 
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with this amount of thymol lost in weight, excreted urine dark in color for a 
week after the dose had been given, and moped in their cages. One of them, 
T 2, also showed marked tissue changes at autopsy (Table II). This behavior 
led us to make more careful examinations of the urine of animals subsequently 
used in the experiments. Thymol recovery was made from only half of each 
sample ; the amount recovered was multiplied by two to represent that which 
was present in the total sample. (The figures in Table II give the corrected 


TaDI.E II 

Thymol Administration to Normal I! ah juts 


RABBIT 

VTT. 

IX 

GRAMS 

THYMOL 

GIVEN 
GRAMS PER 
KILO 

BODY WT. 

AMOUNT 

RECOVERED 
FROM URINE 
GRAMS PER 

KILO 

BODY "WT. 

AMOUNT 

RECOVERED 
FROM FECES 
GRAMS, 

TOTAL 

. 

TIME BETWEEN 
TIME OF LAST 
DOSE AND 
KILLING 

DAYS 

PATHOLOGY 

T 1 


1.0 


0.02S 

4 

345 g. loss in \vt. Xo 







gross pathology 

T 2 


1.0 


0.020 

1G 

Fatty changes in liver 







and kidney. Kidneys 







congested 

T 4 

2945 

1.25 


Not ilone 

1 

Albuminuria. Tissues 







like T 2 but to lesser 







degree 

T 3 


0.5 m h 


Not done 

Saved for fur- 

Urine normal 



0.5 &|! 

■' 

Not done 

thcr experi- 




o.4 

■ 

Not done 

incuts 




0.5 », 


Not done 





0.4 * 


Not done 



T 5 

2555 

0.4 M M 

0.02S 

Not (lone 

Saved for fur- 

Albuminuria (duo to 



0.4 2- p 

0.041 

Not done 

tlicr experi- 

pregnancy) 



0.3 Scr 

0 

Not done 

ments 




0.4 5 

O.OSS 

Not done 





0.4 “ 

0.040 

Not done 



T G 

2S65 

0.4 

1 

Not done 

7 

Urine: Albumin nega- 



0.4 i to 

I 

Not done 


tive throughout; re- 



o.4 


Not done 


dueing sugar pres- 



0.4 § ^ 

0.0S9 

Not done 


cut ; epithelial cells 



0.4 » 


Not done 


and leucocytes pres- 



0.4 “ 

■ ' 

Not done 


ent in small number. 



0.4 


Not done 


Autopsy showed no 







•abnormalities 


values.) The other half of each sample was used for albumin and reducing 
sugar analyses and for microscopic examinations. Only two distillations of 
feces were performed because the amount excreted by this route was found 
to be negligible. The ether extract of the steam distillate of normal urine was 
also negligible in amount ; hence the residue from ether evaporation of thymol 
urine is reported as pure thymol. 

Doses of 0.5 gram per kilo of body weight were next investigated. The 
first rabbit (T 3) to receive such a dose was observed for a period of three 
days following the initial thymol feeding. During this time the rabbit ate and 
appeared otherwise normal. All of the thymol recovered from the urine was 
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in «>e fat 

of the amount adnumsteied y ^ lai>(r * e an an i ma l. Daily doses 

mg the three days, not a sigm ® a “ f Vays During this time the rabhit 
o£ tue «. averaging » a,. as 

L again — . in — an, 

dose of 0.5 gram per Mogram of My weigM .. not markedly 
i 0 ->oprl -i mount of urine, abnormally dark m color, seemed 
de 'f ■ ;l a" dos . * tkerelore out to 0.4 gu, per kilo. 

5 received daity doses of tkis amount for 6ve day, Babbit T 6 re- 
ceived tke same sized dose every other day for two weeks. 

Rabbit T 5 showed consistent albuminuria, but to was probably due to 
™ncy ttoh was not discovered until late. The five young born seven 
ptegmutcy ^ tiiy ,, 10 i we re normal in size, but lived only two days, 

pTvably due to neglect on the par. of the doc. The urine of rabbit T 6 gave 
no cvidLe of any pathologic condition. The blood nonprotem »t rogen of 
tel, rabbits remained within the limits of normal variation during the entire 
period of observation. Indications were that doses of 0.4 gram per kilo of 
body weight were not appreciably injurious. 

ft remained to determine whether there was a persistent uncomfortable 
irritation of tbe alimentary mucosa by the thymol. Rabbit T 4 was killed 
twenty-four hours after tbe administration of a large dose. There was no con- 
gestion or other abnormality of the mucosa or of the kidney. Later, rabbit 
T 3 was also given a large dose and was killed after four hours. This animal 
likewise showed no evidence of irritation. 

Incidentally two random attempts were made to determine the concentra- 
tion of thymol in the blood some time after giving the doses. In the first 

• , u , ,, r . r c Kinful were drawn from the heart and steam distilled thirteen 

instance 41) e.c. oi mouu. woi 

hours after the forced feeding of a dose aggregating 1 gm. per kilo of body 
weight No detectable amount was recovered. In the second instance the 
rabbit was killed four hours after it had received a similar dose, and 100 c.c. 
were drawn from the heart. In this case the liver was removed, as well, and 
ground up with sand in a mortar, preparatory to steam distillation. The 
blood yielded 0.011 gm., indicating a concentration of approximately 1 .*10,000. 
The liver yielded 0.017 gm. That the product recovered from the steam dis- 
tillation was thymol and not some other ether extractive was affirmed by the 


Lustgarten qualitative test. 

Since the concentration in blood and tissues 

. . . _ e „ — ,1 * . _ _ n 


Since the concentration in Diooct and tissues was so low even after the 
administration of a large dose, and since the thymol exists in the 
n-rmism in compounds the efficacy of which for the destruction of 

rtioviWiou f ip vnliiP wniilil 


ganism m 
not known, the therapeutic value would 


animal or- 
of Monilia is 



Table III 

Effect of Thymol in Babbit Moniliasis 
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EFFECT OF THYMOL INFECTIONS CAUSED BY MONILIA ALBICANS 


Tlie experiments concerned with the effect of thymol on rabbit moniliases 
were conducted as follows: 

For infection purposes, culture 4,135 of Monilia albicans was grown in 1 
per cent glucose broth for thirty-six hours. It was then centrifuged and taken 
up in saline solution. The organisms were counted by means of a blood count- 
ing chamber. Volumes calculated to hold the necessary numbers of organisms 
were injected intravenously. 

A dose of thymol in olive oil was administered by the stomach tube 
method, previously described, one hour before the organisms were to be in- 
jected. In some cases the dose was repeated at one- or two-day intervals. 

Autopsies were performed as indicated in Table III. Cultures on malt 
agar were made from bile and urine. Kidney and liver tissue, and sometimes 
pieces of other organs, were fixed, sectioned, and stained for the study of 
microscopic pathology. Hematoxylin and eosin were used on some sections, 
and a Gram stain, to reveal the presence of Monilia, was used on other sec- 
tions of the same tissue. 

Except for the three animals listed at the end of Table III, results are 
given in an order based upon the length of life of the rabbits following injec- 
tion. The last three animals were given massive doses to determine whether 
thymol had any effect upon a very rapidly fatal infection. The results were 
not striking enough to be conclusive. 

Apart from the inconsistency in the virulence of the culture it seems clear 
that the administration of the thymol one hour prior to the injection of the 
organisms had no regularly beneficial effect. While there appeared to have 
been some diminution in the number and severity of lesions in the cases of 
rabbits T 7, 9, 11, 13, and 31, as compared with their controls, nevertheless 
rabbits T 23, 27, 32, and 33 showed more severe moniliasis than their controls. 
Variability in size of inoculum did not seem to be responsible for the differ- 
ences in reaction of the animals; both those seemingly benefited by thymol and 
those definitely not benefited were infected by doses of diverse sizes. The 
frequency of dosage also seemed to make no difference. The cause of the 
variation in behavior is, therefore, not known. In our work thymol has not 
proved to be an effective therapeutic agent against experimental moniliasis. 

SUMMARY 


1. Investigations on the eidal properties of thymol for Monilia sneeies 
showed that a saturated aqueous solution at 25° C. would kill all cultures in 
less than five minutes and most of them in less than one minute. 

2. The presence of KaCl in a concentmimn n n 

solution liad iittlo or no effort upon tile cidnl action of'the'dru ” * " thyiMl 

„ js r* “ - 

Growth of tile remaining cui.nre was inhibited for one week' TUe «" 
ccntration incorporated into niait agar inhibited growth T2Z 
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period, ranging from forty-eight hours to four days. A concentration of 
1 :4,000 was completely inhibitory for two weeks in botli media, both at pH 
6.0 and pH 7.8. 

4. Thymol in 1 :5,000 concentration in rabbit serum showed no tendency 
to inhibit the multiplication of the three species of Monilia. 

5. Rabbits are apparently able to tolerate without serious ill effects daily 
doses of thymol amounting to 0.4 or 0.5 gram per kilogram of body weight, 
administered in oil through a stomach tube. Absorption is apparently com- 
plete, since only negligible amounts can be recovered from the feces. Appre- 
ciable amounts can be recovered by the steam distillation of the acidified 
urine. Demonstrable quantities can also be recovered from the blood and liver 
four hours after administration of the dose. 

6. Giving thymol in the way described above, one hour previous to the 
intravenous injection of Monilia albicans and at daily or bidaily intervals 
thereafter, had no consistently inhibitory effect upon the progress of the 
infection. 
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V STUDY OP SOME OP THE FACTORS INFLUENCING THE 
SEDIMENTATION TEST* 

„ . . „ HABB 7i\F^i™, B.S., M.D., Ph.badelphia, Pa. 
p„ ED Bom V.M, ; “ cjb Ass , stanoe w Rebecca Goobman, L.T. 

i ■ pca invpqfioate further some of the inherent vari- 
npHE purpose of tins work is ^ ^ the sed { me ntation rate of the ery- 

1 able factors that are kno\ conce ntration of the erythrocytes, the 

throcytes. In this mve ^ a ™ and the time interval between the collection 
position of the sedimentation t , conside red. The extent to which these 

of blood and the starting ot he t d determined and the methods that 

factors t ^n^ normal are presented, 

were used to make tl - ^ ^ for this investigation was made be- 

The selection of the its a 1(iuri . th of 2 00 millimeters slight variations be- 
cause it was believed ter i eng th of this tube allows the cells to sink 

came more noticeable T » first phase of the sedimentation phe- 

a greater depth thereby _ pro 0 3 the generally accepted interpretations 
nomenon. This curve. Indeed all tests showing normal 

of the various parts of oyer a sufficient time, show some sort of curve 

or abnormal rates wlU > at intervals and plotted against time. This curve is 
when the reachngs^are the first being that part of the curve repre- 

usually divided into 1 Qf the cells> and the second, a progressive 

seating the rapid . a d ^ ^ coucentration and pac ldng of the cells in the 
slowing of the ia „ ener al belief that the first phase is the significant 

bottom of the tub • “ f u descent For this reason the sedimenta- 

T “ during or at the and of this phase. By using 

tluTwestergren tube with a eoluma of 200 mm., we rarely find the first phase to 
end before the end of the first hour. 

mi p choice of a saturated solution of potassium oxalate as an anticoagulant 
up Wause the use of one drop of it (necessary to prevent the coagulation 
was ma ^ Qf blood) rendered the dilution factor negligible. According to 
01 1' ° and Smith 1 the cell volume suffers less alteration in oxalate than in ci- 
Ru m alld Haskins 2 have recommended the amount of oxalate used 

trate. ^ gev j es 0 j preliminary comparative tests there was no appreciable 
difference between potassium oxalate and 3.8 per cent sodium citrate. 

THE CORRECTION OF THE CELL CONCENTRATION 

Using the method and suggestion of Walton 3 a series of sedimentation tests 
was conducted before and after correcting the erythrocyte concentration. The 
method calls for 8 to 10 e.e. of blood obtained by vein puncture. The blood is 

’ •From tlie Laboratory of the Graduate Hospital and the William Pepper Laboratory ot 
Clinical Medicine. 

ltecelvod for publication. July 3G. 1931. 
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immediately placed in a test tube containing one drop of a saturated solution of 
potassium oxalate. After thoroughly mixing the contents, an erythrocyte count 
is done. If the concentration of cells is between 4.5 and 5.5 million per c. mm. 
no correction is made as the cell concentration is considered normal. If, how- 
ever, the count is below 4.5 or above 5.5 million, a correction is made to bring 

Table I 

Comparison or Sedimentation Before and After Correcting the Erythrocyte Con- 
centration or Anemic Blood 


CASE 

diagnosis j 

RED COUNT 
ORIGINAL 

KED COUNT 
COR- 
RECTED 

SEDIMENTA- 
TION RATE* 
ORIGIN AD 

SEDIMENTA- 
TION RATE* 
CORRECTED 

i 

Rheumatic fever 

4,000,000 

5,100,000 

70 

32 

o 

Rheumatic fever 

3,s00,000 

5,000,000 

OS 

34 

3 

Pregnancy 

3', 000, 000 

4,SU0,000 

70 

30 

4 

Coronary disease 

4,250,000 

5,200,000 

62 

32 

5 

Diabetes 

4.000,000 

5,250,000 

42 

IS 

G 

Nephritis 

5,000,000 

4,800,000 

3S 

12 

7 

Nephritis 

3,200,000 

5,100,000 

9S 

50 

8 

Vincent’s angina 

4,150,000 

5,000,000 

105 

S6 

9 

Coronary disease 

4,000,000 

5,100,000 

2S 

4 

10 

Cardiac disease 

4,000,000 

4,S50,000 

10 

O 

11 

Peptic ulcer 

3,200,000 

5,100,000 

4S 

s 

12 

Postpartum 

3,450,000 

5,050,000 

SO 

35 

13 

Postpartum 

3,500,000 

5,000,000 

110 

30 

14 

Pregnancy 

3, GOO, 000 

5,100,000 

SO 

2S 

15 

Pregnancy 

3,SOO,Ot)0 

4,900,000 

55 

IS 

10 

Osteomyelitis 

3,500,000 

5,100,000 

ss 

40 

17 

Brain abscess 

4,000,000 

5,000,000 

74 

30 

IS 

Coronary disease 

3,700,000 

4,900,000 

SG 

5S 

19 

Rheumatic fever 

4,000,000 

5,200,000 

90 

42 

20 

Pelvic inflammatory disease 

4,100,000 

5,000,000 

120 

S2 

21 

Urethral stricture 

4,000,000 

4,900,000 

125 

90 

22 

Tuberculosis 

3,700,000 

5,200,000 

S4 

54 

23 

Cardiac disease 

4,225,000 

5,000,000 

S 

4 

24 

Pelvic inflammatory disease 

3,800,000 

5,150,000 

130 

62 

25 

Osteomyelitis 

3,250,000 

5,000,000 

102 

5S 

2G 

Bronchopneumonia 

3,S90,000 

5,300,000 

70 

3 

27 

Appendiceal abscess 

4,000,000 

5,020,000 

125 

60 

28 

Dermoid cyst 

4,100,000 

4,S40,000 

SO 

30 

29 

Carcinoma of lip 

3,S50,000 

4,S50,000 

120 

90 

30 

Burns, 1st and 2nd degree 

3,S30,000 

4,950,000 

94 

IS 

31 

Subacute P. I. D. 

3,410,000 

5,250,000 

99 

35 

32 

Chancroid 

3,480,000 

4,S50,000 

103 

6 

33 

Ovarian cyst 

3,750,000 

5,050,000 

50 

O 

34 

Carcinoma of ovary 

3,600,000 

5,300,000 

117 

oo 

35 

Acute P. I. D. 

3,S40,000 

5,000,000 

113 

77 

3G 

Hypertension 

3,200,000 

5,250,000 

36 

3 

37 

Undiagnosed 

3,130,000 

5,100,000 

31 

1 

38 

Undiagnosed 

3,750,000 

5,100,000 

31 

1 

39 

Undiagnosed 

3,350,000 

5,050,000 

S7 

1 

40 

Fibroid uterus 

3,230,000 

4,800,000 

7S 

44 

41 

P. I. D. 

3,SGO,000 

5,350,000 

105 

62 

42 

Retroverted uterus 

4,070,000 

5,100,000 

26 

O 

43 

Undiagnosed 

3,370,000 

4,750,000 

3S 

I 

44 

Undiagnosed 

3,620,000 

4,900,000 

24 

o 

45 

Pellagra 

3,050,000 

4,S50,000 

53 

10 

4G 

Chronic nephritis 

2,700,000 

5,200,000 

11S 

5 

47 

Arthritis 

3,010,000 

5,300,000 

113 

59 

48 

Metritis 

3,460,000 

4,940,000 

52 

4 

49 

Fibroid uterus 

1,900,000 

5,000,000 

9S . 

2 

50 

Nephrosis 

3,450,000 

4,780,000 

125 

91 


‘Sedimentation rate = the amount of sedimentation at tiie end of one hour expressed 


in millimeters- 
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the concentration of the cells within the above stated limits. This is done simply 
by removing enough plasma to raise the concentration of the cells to the desired 
range in bloods having cell counts below the normal range, or adding enough 
plasma to lower a cell concentration of higher than normal range. 

The technic of adjusting the cell concentration to the normal range is car- 
ried out by using 5 c.c. of the sample. This blood is centrifuged sufficiently to 
clear enough plasma to make the correction. The amount of plasma to be re- 
moved or added depends upon the cell count in millions per cubic millimeter. 

Table II 

The Sedimentation Bate With Normal Blood 


NO. 

SEX 

1 

Female 

2 

Female 

3 

Female 

4 

Female 

5 

F emale 

6 

Female 

7 

Female 

8 

Female 

9 

Female 

10 

Female 

11 

Female 

12 

Female 

13 

Female 

14 

Female 

15 

Female 

16 

Female 

17 

Female 

18 

Female 

19 

Female 

20 

Female 

21 

Female 

22 

Female 

23 

Female 

24 

Female 

25 

Female 

26 

Male 

27 

Male 

28 

Male 

29 

Male 

30 

Male 

31 

Male 

32 

Male 

33 

Male 

34 

Male 

35 

Male 

3G 

Male 

37 

Male 

38 

Male 

39 

Male 

40 

Male 

41 

Male 

42 

Male 

43 

Male 

44 

Male 

45 

Male 

46 

Male 

47 

Male 

48 

Male 

49 

Male 

50 

Male 


R.B.C. 

SEDIMENTATION 

RATE 

5 , 500,000 

3 

5 , 050,000 

3 

5,200,000 

4 

5,170,000 

4 

4,750,000 

2 

4,700,000 

4 

5,800,000 

3 

4,850,000 

2 

4,490,000 

4 

5,100,000 

3 

5,000,000 

4 

4,850,000 

3 

4,750,000 

3 

5,100,000 ’ 

4 

5,100,000 

4 

5,200,000 

3 

4,900,000 

3 

5,000,000 

5 

5,200,000 

4 

4,750,000 

4 

5,125,000 

4 

4,750,000 

5 

5,150,000 

3 

5,240,000 

4 

5,000,000 

3 

5,250,000 

3 

5,250,000 

2 

5,300,000 

1 

5,400,000 

X 

5,200,000 

1 

5,280,000 

3 

5,350,000 1 

1 

5,450,000 | 

1 

4,700,000 

X 

5,350,000 

1 

5,550,000 

1 

5.050.000 

5.350.000 

4.900.000 

5.350.000 

l 

1 

x 

5.300.000 

5.200.000 

1 

3 

5,100,000 

x 

5.250.000 
5,000,000 

4.850.000 

3 

4 
o 

5,125,000 

3 

4,S00,000 

o 

4,750,000 

o 

5,100,000 

1 
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If the count is below 4.5 million, enough plasma is removed so that the remaining 
volume in cubic centimeters equals the number of the millions in the count, e.g., 
if the blood is 3.5 million, 1.5 c.e. of plasma are removed, leaving a volume of 
3.5 c.c. Or if the count happens to be 6.0 million, 1 c.c. of plasma from another 
sample is added to make a total volume of 6 c.c. After this adjustment the 
sample is well mixed and a count is made to check the correction. Two sedi- 
mentation tubes are used. One contains the uncorrected, the other the cor- 
rected sample. They are suspended in a vertical position. The readings are 
made simultaneously at the end of one hour. In Table I are the results of the 
observations on 50 patients having secondary anemia from various causes. These 
results should be compared with the observations on 50 normal individuals (25 
females and 25 males) whose cell concentrations were considered to be in the 
normal range (see Table II). 

METHOD OF PLACING THE WESTEIIGREN TUBE IN A VERTICAL POSITION 

All the methods describing the test state that the sedimentation tube should 
be placed in an upright position. However it is felt that too little emphasis has 
been given this factor. Ponder 4 has demonstrated that a divergence from the 















Si 

m 




Fig. 1. — A drawing of the Westergren tube suspended from a thumb tack, a, thumb tack : 
b, bent gem paper clip serving as a liook ; c, cotter pin ; d, 'Westergren tube ; e 3 the rubber bulb 
with a window. 

vertical position of 7.5 degrees will almost double the sedimentation rate when 
using a tube of 200 mm. length or more. Some of the racks especially made for 
holding the tubes are not constructed to insure a perfect vertical position. After 
the tubes are placed in the rack, designed to hold them vertically, the rack should 
then be placed upon a surface which is perfectly horizontal. To insist upon these 
details involves considerable time and pains upon the part of the operator. If 
adjustments are made to this end, they may not be reliable unless precision with 
proper instruments is used. This, however, is not practical when a perfect ver- 
tical position of the tube may be had by simply suspending it so that it hangs 
freely. A method was devised in the laboratory of the Post Graduate Hospital 
and is exceedingly simple. The vertical position is accomplished by suspending 
the sedimentation tube from a thumb tack by means of a small hook, made from 
a Gem paper clip, and a snugly fitting cotter pin inserted into the upper end of 
the tube. After the tube has been filled to the 200 mm. mark with blood, the 
lower end is sealed by inserting it into a small rubber bulb. To facilitate slipping 
the bulb into position without disturbing the level of the column of the blood, 
it is moistened and a small window is cut into the wall near the blind end (see 

Fig. !)• 
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time interval between collecting blood and starting the test 

- n A nml TTaskius 2 and others state that the test should be done 
Cooper,-’ Osgood and M ms, ^ ^ Tho , imits of delay hare 

03 soon os possible a ei deemed advisable 

been variously pnt from thv tafluc „ cc th c results as 

to determine ivliat extent sal c0 , mm ed in correcting the erythrocyte 

there was alwoyt » „ determined by obtaining sufficient 

“““from each of 25 patients to conduct six different tests, and from 10 patients 
it • w* One test was started immediately, the others, one, two, 
toee fom- and five hours after collection. The blood teas allowed to remain in 

"tie in which it was collected during the above delay 

, , ■> .1 Li ood was thoroughly mixed by shaking. Then t 

"r "was filled to tho marl., scaled with the rubber hull, and sus- 
ne„dcd°so that it hung freely. The rate was determined by reading at 
of one hour. Table III contains the data from these expenments. 

Table III 

Effect op ». " S ”" T '“ T “ 


CASE 

r 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


DIAGNOSIS 


I IMMEDI- 
ATELY 


23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
33 


Postpartum 

Postpartum 

Postpartum 

Eclampsia 

Peptic ulcer 

Coronary disease 

Rheumatic fever 

Ulcerative colitis 

Eemoral thrombosis 

Chronic lymphatic leucemia 

Coronary disease 

Hodgkin's disease 

Perinephric abscess 

Inguinal hernia 

Inguinal hernia 

Renal stone 

Rheumatic fever 

Pregnancy 

Pregnancy 

Coronary disease 

Osteomyelitis 

Tuberculosis 

Pelvic inflammatory disease 
Pelvic inflammatory disease 
Brain tumor 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 


AFTER I AFTER I AFTER I AFTER 
FIRST | SECOND I THIRD FOURTH 
HR. HR. I HR. I HR. 


76 
56 
62 
140 
80 
30 
40 
110 
86 
104 
4 
25 
64 
60 
70 
54 
42 
60 
56 
IS 
102 
88 
120 
102 
42 
12 
97 
26 
81 
120 
55 
S4 
65 
110 
109 


82 

50 

50 

142 

65 

15 

25 

105 

80 

96 

3 

18 

50 

52 

82 

52 

40 

54 

46 

18 

100 

86 

124 

100 

38 

10 

95 

26 

81 

117 

42 

83 

63 

99 

107 


75 

36 

30 

142 

54 

5 

18 

102 

24 

94 

2 

10 

40 

50 

80 

30 

34 

50 

42 

15 
98 
86 

118 

100 

38 

4 

81 

16 
80 

108 
35 
47 
20 
97 
I SI 


82 

34 

23 

136 

58 

4 
6 

80 

5 
70 

1 

4 

36 

52 

50 

18 

18 

36 

35 

12 

96 

SO 

110 

90 

30 

o 

5 

11 

67 

106 

20 

Id 

10 

3S 

55 


64 

22 

10 

120 

60 

2 

5 

100 

3 

82 

1 

3 

20 

40 

28 

14 

12 

30 

28 

4 
80 
70 

100 

104 

28 


after 

FIFTH 

HR. 


60 

20 

10 

118 

35 

2 

2 

45 

3 

56 

1 

2 

18 

30 

24 

12 

12 

22 

24 

6 

55 

50 

88 

78 

24 
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DISCUSSION 

The cases selected to observe the cell concentration variable were a group of 
50 patients exhibiting secondary anemia from various causes. The purpose for 
this is to ascertain and study the change in the rate after adjusting the cells to 
normal range. Of the 50 cases giving abnormal sedimentation rates, 14 were 
normal after the cells were adjusted to normal limits. In all eases (see Table 
I) the sedimentation rate was lower after the cell concentration was adjusted 
to normal range. The differences between corrected and uncorrected bloods arc 
not in any way proportional, as a group, to the degree of anemia. It follows from 
this finding that a mathematical formula, based upon a preliminary cell count 
and subsequent rate, designed to anticipate and correct the anemia factor is un- 
reliable. These results are in harmony with those of Walton 3 and others. If 
the corrected blood in our experiments is to be considered identical in every 
respect to an unmolested sample having a normal cell concentration, here is 
evidence showing that the sinking rate of solids in a liquid is partly inliuenced 
by the number present. 

The sedimentation rate obtained with the blood of 50 normal individuals 
ranges from 2 to 4 mm. for females and from I to 8 mm. for males. Various 
normals are reported ranging from 5 to as high as 2(1 mm. From our results and 
those of Walton, there is evidence suggesting that the higher normal rates 
reported by others were due either to a low erythrocyte concentration, or the 
sedimentation tubes were not in a vertical position during the test. 

Relative to the time interval between the collection of blood and starting 
the test, the evidence from our data indicates strongly that after one hour the 
rates become progressively slower and directly proportional to the length of de- 
lay. This is an interesting phenomenon which cannot be reliably ascertained 
unless other variables such as we have described are reduced to negligible. It 
also indicates, when the test is carefully performed in every other respect, that 
the inherent slowing due to delay may mask an otherwise increased rate. It is 
best to perform the test within one hour after collection as tests started after two 
or three hours ' delay showed slight to marked effect upon the sedimentation rate 
(see Table III). 

CONCLUSIONS 

1. Observations upon a few of the inherent variable factors influencing the 
sedimentation rate are discussed. 

2. Correcting the erythrocyte concentration before conducting the sedimen- 
tation test, as suggested by Walton, greatly enhances the value of the test by 
putting the blood in a condition comparable with normals, allowing other reasons 
for variation of sedimentation to show themselves. 

3. The position of the sedimentation tube during the test is discussed, and a 
simple method is described for the placing of tlie Westergren tube in a vertical 
position. 

4. Sedimentation tests performed after a delay of two, three, or more hours 
show a slower sinking time than when made immediately. 
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OBSERVATIONS RELATING TO THE SPECIFICITY OF THE 

DICK TEST* 


H. E. Smiley, M.D., Providence, R. I. 


F OR the last four years all nurses admitted to training at the Charles V. 

Chapin Hospital have been “Dick tested” on entry. All those showing a 
positive reaction have been recommended for immunization. During the period 
from Dec. 3, 1929 to Nov. 22, 1933, 2,018 nurses were “Diek tested.” Of 
these, 722 (35.8 per cent) gave a positive reaction, 173 (8.6 per cent) gave 
a doubtful reaction, and 1,123 (55.6 per cent) gave a negative reaction. 

Of the 722 giving a positive Diek test, 87 began the immunization course. 
In a great many instances severe reactions followed so that the course in these 
cases was stopped. Table I shows in detail the record of the re-Dick tests 
made two weeks after the last inoculation. Summarizing this table, it can 
be seen that of the 87 nurses immunized (whether complete course or not), 
36 (41.5 per cent) gave a positive re-Dick test; 13 (14.9 per cent) gave a 
doubtful re-Dick test; and 29 (33.3 per cent) gave a negative re-Dick test. 
Nine (10.3 per cent) were not tested. 


Table 1 

Summary or ue-Dick Tests From Dec. 3, 1929, to Nov. 22, 1933 


NUMBER OF 
NURSES 


NUMBER OF 


RE-DICK TEST, two WEEKS AFTER LAST INOCULATION 


immunized 

RECEIVED 

POSITIVE 

DOUBTFUL 

NEGATIVE I 

I NOT TESTED 

39 

5 

9 

5 

23 

3 

12 

4 

7 

3 

2 


9 

, 3 

5 

Q 

2 


8 

i 2 

2 

o 

o 


19 1 

i 

13 | 

i 

1 1 

4 

Total 87 


36 (41.5%) 

13 (14.9%) 

29 (33.3%) 

9 (10.3%) 


Dick tests are difficult to read. The Dicks state that tlie faintest redden- 
ing, 1 cm. or over m any diameter, indicates some degree of susceptibility to 
scarlet fever. We have followed this rule in reading ouv Diek tests. If the 
areaof reddening is 0.5 em. in diameter, it is called ~ 1 cm. in diameter s-f, 
•Received for publication. July 2 . 1931. 
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1.5 cm. in diameter 4-H-, and 1.8 cm. or greater All readings +4, -H-f, 

and -H-H- are considered positive ; + or smaller are called doubtful and no 
area of reddening about the needle puncture wound negative. 

It seemed to us that the percentage of positive re-Dick tests was higher 
than was to be expected, and that suitable controls should be used. 

The original Dick technic calls for the use of the Dick test solution with- 
out any control. Inasmuch as most immunologic tests are checked by controls, 
we began controlling the Dick test with the same solution heated to different 
temperatures. Since August, 1933, we have controlled every nurse's Dick test 
with the same solution heated to destroy the toxin. The results of the con- 
trolled tests showed that it made little difference whether the toxin was de- 
stroyed by boiling temperature for one hour or autoclaving for two hours; 
the control test oftentimes was as positive as the test itself. In all, 116 nurses 
were tested. Of these, 70 nurses gave a positive Dick test, 33 gave a doubtful 
reaction and 13 gave a negative reaction. Of the 70 nurses giving a positive 
Dick test, the control tests were as follows: positive 46 (65.7 per cent), doubt- 
ful 21 (30 per cent), negative 3 (4.3 per cent). Of the 33 nurses giving a 
doubtful Dick test, the controls were as follows: positive 7 (21.2 per cent), 
doubtful 23 (69.7 per cent), negative 3 (9.1 per cent). Of the 13 nurses giving 
a negative Dick test, the controls were as follows: positive 1 (7.7 per cent), 
doubtful 5 (3S.5 per cent), negative 7 (53.S per cent). To put it another way, 
out of 116 control tests, all of which should have been negative, 54 (46.5 per 
cent) proved positive, 49 (42.3 per cent) proved doubtful and only 13 (11.2 
per cent) proved negative. These results are very disconcerting and only tend 
to discredit the value of the Dick test. When a control gives the same reading 
as, or greater than, the test reading it throws a great deal of doubt upon the 
specificity of the reaction. Any scientific test, such as the Dick test, should 
be so controlled as to have the two solutions similar in all respects but one, 
and that one should be the factor in question, in this case the scarlet fever 
toxin. 

When it became so apparent that there was a question as to the specificity 
of the Dick test a correspondence was begun with the director of a very 
reliable biologic laboratory that is an authorized manufacturer of the Dick 
toxin under the Dick patent. The early part of our correspondence dealt 
with methods of destroying the Dick toxin, but it soon became evident that 
so far as this point was concerned we were “barking up the wrong tree." 
The trouble was evidently not with the toxin. Our attention was then di- 
rected to the Dick test solution itself. The director furnished us with the 
formula of the Dick test solution as put out by his company. This solution 
consists of a buffered salt solution, containing phenol for a preservative, and 
scarlet fever toxin. Experiments were commenced using various controls 
and 12 laboratory assistants were used as subjects. The object of the experi- 
ments was an attempt to find out why the control solution produced a reaction. 

Preliminary experiments seemed to indicate definitely that the trouble 
lay in the diluent, because tests made using the diluent without the toxin 
solution gave positive reactions. In analyzing these results we attacked the 
problem from 3 angles: (1) was the reaction due to the presence of phenol 
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whicli might act as an irritant? (2) was the reaction due to the pH of the 
buffer diluent? and (3) was the reaction due to irritation by potassium ions? 
Table II lists the experiments tried out, investigating each of these question- 
able points. 

Table II 


0.3% 

PHENOL 
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H 2 0 

BUFFER 

WITH 
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pH 7 
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PHENOL pH 7 
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44 

44 

44 

4 

0 

4- 

+ + + 

++ 

-f 4* 

++ 

+ + 

4 

444 
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444 

0 


It is interesting to note that the phenol solution alone gave practically 
no reaction, and also that the buffer solution plus phenol gave less severe 
reactions than the buffer solution without phenol. Our interpretation of 
this is that the phenol acts not as an irritant but as an anesthetic, by toning 
down the reaction. As to the question whether the reaction might be due to 
the pH of the solutions injected, seven different buffer solutions were pre- 
pared varying only in pH. The reaction of the Dick test solution, as approved 
by the Scarlet Fever Committee, has a pH of 7. This is apparently mox-e 
acid than normal tissue fluids and the experiments cited above, were made 
to determine whether or not varying the pH affected the reaction. An 
analysis of the results given above tends to indicate that the pH, within these 
limits at least, has little or nothing to do with the reaction. In the other 
test experiment to determine whether or not potassium ions are irritating, an 
isotonic potassium chloride solution was substituted for the Dick diluent. This 
solution, as shown in the table, gives strongly positive reactions in nearly every 
instance. In this case, however, the concentration of potassium ions was much 
greater than that in the buffer solutions, so the experiment was repeated usiim 
the isotonic solution diluted 1 :30 with distilled water, which made the con- 
centration of potassium ions approximately the same as in the saline buffer 
used in the diluted Dick toxin. While all those tested remarked about the 
smarting, stinging sensation immediately experienced, no redness was present 
the next day, a result which tended to eliminate the potassium ions from 
suspicion. 


In all our experiments one fact has stood out prominently, namely the 
inconstancy of the results; in other words, duplicate, similar tests made on 
the same individual, after varying time intervals, gave different readings. 
Whether the initial Dick test m some way modifies the skin field either bv 
sensitizing the skin area or by producing a local immunity, is a problem hard 
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to solve. Of course, if only one test is made on an individual, and if that 
test is not controlled, no comparison can be made and the resulting reading 
of that solitary test stands unchallenged. It is only when controlled tests 
are made and when re-Dick tests are done that the inconstant and varying 
readings are disclosed which obscure the interpretations. 

At this point in our studies it seemed perfectly clear that pseudoreactions 
occur using the standard Dick toxin solution. Further experiments were 
done using the standard solution as purchased on the open market from an 
authorized laboratory. A duplicate amount of Dick toxin solution was pur- 
chased and this was autoclaved at 15 pounds pressure for one hour to destroy 
the toxin. Dick tests were performed on 95 nurses using these two solutions. 
Of the 95 tests, 22 (23.1 per cent) gave negative results with both the standard 
solution and with its control; 15 (15.7 per cent) showed positive readings 
with the standard solution and negative readings with the heated control; 
16 (16.6 per cent) gave readings in the control which were weaker than the 
test readings, which would tend to modify the degree of positivity of the 
test solution; and lastly, 42 (44.2 per cent) control tests gave the same read- 
ing as or greater than the standard. In other words 44 per cent gave false 
positives.* 

Another experiment was done comparing the standard Dick toxin solu- 
tion with the buffer solution containing no toxin. Fifty nurses were tested. 
Of these, 14 (2S per cent) gave negative readings with both solutions; 14 
(28 per cent) showed the control to be negative while the test solution was 
positive; 8 (16 per cent) gave weaker readings with the control than with 
the test inoculation, and 14 (28 per cent) showed readings in the control equal 
to or greater than the standard reading. In other words 28 per cent of the 
readings were false positives; apparently in these cases due to the influence 
of the buffer solution alone. 

Inasmuch as the Dick test is used as a criterion to determine suscepti- 
bility to scarlet fever and also as an index of successful immunization, it is 
very essential that the test should be reliable so that its interpretation may 
be of some value. 

A study of all the experiments performed, clinched by these final two 
experiments, seems to demonstrate clearly the following conclusions: 

1. Dick tests should be controlled using the same solution heated at 15 
pounds pressure in the autoclave for one hour. 

2. Pseudoreactions occur which in some instances are apparently due to 
the diluent while in other instances the reason is not so apparent. 

I wislv to acknowledge the generous cooperation furnished me by the director of the 
Biological Laboratory in this study. Also I wish to acknowledge the assistance offered me by 
my associates with whom the problems arising in the course of this study were freely 
discussed. 


have been tested 


♦Since this paper was submitted for publication (July 2) 295 more cases mxu . iwwu 

and the results tend to modify the percentages given above. The flnM classiflcation of tliese 
■>95 cases is as follows: true positive reactions 73 (24 .<%), true negative reactions l.S (43._,„), 
modified positive reactions 40 (13.5%). and false positive reactions a5 <1S.6%). 


THE EFFECTS OF BLOOD TRANSFUSIONS ON DONORS* 


James W. Martin, M.S., M.D., and John T. Myers, M.D., Pii.D., Omaha, Neb. 


S INCE blood transfusion is a frequent therapeutic measure, the effects of 
blood loss deserve consideration. Giffiu and Haines, 1 from a study of 
donors made at indefinite intervals after blood donations, concluded that blood 
letting every four or five weeks was not harmful ; that women developed 
anemia more rapidly aud recovered more slowly than men; that 27 per cent 
felt improved in health ; that 50 per cent gained weight and that studies of 
blood volume showed no change in plasma and cell volume. 

A study of effects from blood loss in donors has been made by Jones, 
Widing and Nelson. 2 In their study of 175 transfusions, hemoglobin, erythro- 
cytes, leucocytes, blood platelets, clotting time, volume index, Antal capacity, 
and Aveiglit Avere estimated before and after each transfusion. 

In a series of 52 transfusions given by ten donors, Ave have made the 
following observations : 

1. The amount of blood given at each transfusion Avas noted. 

2. The erythrocyte and leucocyte counts and hemoglobin estimation Avere 
made immediately before and after each transfusion, three, and six hours 
thereafter, then once daily until it returned to normal. The Sahli method 
(14.7 mg. per 100 c.c. of blood) of hemoglobin determination Avas used. 

3. Reticulocyte counts Avere made before each transfusion and daily un- 
til the original number of erythrocytes Avas restored. 

4. Each donor Avas Aveighed before and directly after each transfusion 
and daily for from four days to tAvo Aveeks. 

5. Bleeding and clotting times Avere taken once daily on the first patients 
in the series, but, as no change could be detected, this Avas discontinued. 

G. Blood pressure Avas taken before aud after each transfusion and on 
the folloAving day. 

Case 1. A medical student, aged twenty-six, first served as a donor Feb 22 
1928 and, on May 8, 1933, served the twenty-third time. Five hundred cubic centimeters were 
ghen on twenty occasions, 300 on. two, and S50 on one. Before his first transfusion Ms 
erythrocyte count was 5,100,000 and hemoglobin 90. On May 15, 1933, it was 5,400,00o’ and 
hemoglobin 96. The erythrocyte count taken each time directly after the transfusion showed 
no decrease. After three hours, there was usually a drop of about 250,000 and, at six hours 
310,000 which was the average reduction of erythrocytes for this donor when 500 c c was 
taken. This would suggest that it requires four to six hours for the blood volume loss to be 
replaced by tluids front the tissues. 

The reticulocyte count increased on an average of 11 per cent the day following and 
gradually decreased to its prior figure as the original erythrocyte count was regained. 

of Medicine) **“ Dcpartmcnt ° f Pathol °SX :lml Bacteriology. University of Nebraska. College 
Kticulved for publication, July 3 , 1334 . 
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The decrease in hemoglobin averaged 5.2 per cent, reaching its lowest at six hour?. 
There was no appreciable change in the color index. 

The leucocyte reduction was in proportion to the reduction in erythrocytes. 

Tho blood pressure dropped between six and ten millimeters but was regained in six 
hours, probably as soon as the blood volume was restored. 

When this donor first started giving transfusions, six days were required to regain 
completely the original erythrocyte count. After repeated transfusions, about one every three 
or four months, it was always regained by the fourth day, perhaps due to a stimulation of 
the hemopoietic system. This was noticeable after the twelfth transfusion. His erythro- 
cyte count one week after the twenty-third transfusion was more than it was before the 
first. 
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Chart 1. — The reticulocyte and erythrocyte counts of Case l before and after the first trans- 
fusion on Feb. 22, 192S. 
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Chart 2. — The reticulocyte and erythrocyte counts of Case 1 before and after the twenty-third 

transfusion on May S, 1933. 


Tho weight loss after each transfusion averaged one and one-half pounds which was 
regained each time by the second day. In tins case and in others reported in this paper, 
there was no gain in weight, although Giflin and Hainesi observed a gain after repeated 
transfusions. Jones, Widing and Nelson-' report the same, one donor showing a gain of 
thirteen pounds. When there is a gain in weight, one wonders whether it is not duo to tho 
fact that the donor believes be should eat heartily to gain back what he lost and, conse- 
quently, adds weight because of a greatly increased food intake. Following tho fifteenth 
transfusion, on Aug. 7, 1031, the above donor ate three hearty meals each day, took plenty 
of fluids and drank two malted milks per day. He gained five and one-lialf pounds in eight 
days and then, on an ordinary diet, dropped to his normal weight in one week. 

This donor could feel no ill effects from tho transfusion. Frequently, ho returned to 
his work within an hour after the blood was taken and could not notice being weak. 
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Table I. The Blood Bindings in Case 1, Before and Directly After Each Transfusion 


TRANS- 

FUSION 

DATE 

1. 2/22/28 

2. 3/21/28 

3. 5/15/28 

4. 8/25/28 
a. 12/21/28 

C. 5/ 2/29 J 

7. 6/ 1/29 J 

8. 9/14/29 

9. 3/29/30 

10. 4/18/30 

11. 8/20/30 

12. 11/11/30 

13. 12/15/30 

14. 4/ 6/31 

15. 7/10/31 

10. 7/28/31 

17. 12/1G/31 

18. 3/14/32 

19. 5/12/32 

20. 0/ 8/32 
2t. 9/ 2/32 

22. 1/10/32 

23. 5/ S/33 



IIEJtO- 


GW- 

BIN 

C, I. 


Before 500 e.c. 5,100,000 
After 4,750,000 

Before 850 c.e. 5,100,000 
After 4,200,000 

Before 500 e.e. 5,150,000 
After 4,500,000 

Before 500 e.e. 4 900,000 
After 1,600,000 

Before 500 e.c. 5,200,000 
After 4,970,000 

Before 100 e.c. 5,200,000 
After 4,850,000 

Before 100 c.e. 5,220,000 
j After 4,900,000 

Before 500 e.e. 5 200,000 
After 4,900,000 

Before 500 c.e. 5,220,000 
After 4,900,000 

Before 500 e.e. 5,200,000 
After 4,850,000 

Before 500 c.e. 5,210,000 
After 4,986,000 

Before 500 c.e. 5,220,000 
After 4,900,000 

Before 500 c.e. 5,250,000 
After 4,950,000 

Before 500 e.e. 5,270,000 
After 4,990,000 

Before 300 c.e. 5,275,000 
After 5,000,000 

Before 300 c.e. 5,300,000 
After 5,075,000 

Before 500 e.e. 5,3 45,000 
After 5,000,000 

Before 500 e.e. 5,350,000 
After 5,025,000 

Before 500 c.e. 5,260,000 
After 5,030,000 

Before .100 e.e. 5,375,000 
After 5,000,000 

Before 500 e.e. 5,400,000 
After 5,150,000 

Before 500 e.e. 5,400,000 
After 5,150,000 

Before 500 e.c. 5,100,000 
After 5,025,000 


BLEED- 
ING BLOOD 
CLOT- PKES- 
TING SURE 


120/82 

11G/75 

122/81 

110/02 

120/79 

117/75 

120/80 

116/75 

120/32 

117/76 

120/80 

116/72 

121/80 

115/70 
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Case 2. — A medical student, twenty years old, served as a donor the first time May G, 
1928, and Dee. 9, 1933, served the tenth time. The findings in this donor were practically 
identical with those of the first. There was one slight complication which should be men- 
tioned. The day after giving his sixth transfusion, about a dozen nodules appeared over 
the pubes and a few on each inner thigh, lie complained of itching but there was no other 
symptom. No treatment was instituted and the nodules disappeared permanently in five days. 
This could easily have been an intereurrent manifestation. 

Case 3. — A medical student, aged twenty-five, gave six transfusions of 500 c.c. each, in 
three years. The findings resembled those of Case 1. 

Case 1. — A white male, aged fifty-two, with hypertension gave one transfusion. The 
findings did not differ from the previous ones except that no fall in pressure could be de- 
tected after drawing 500 c.c. of blood. 

Table I and Charts 1 and 2 summarize the findings of Case 1. The findings 
in the other donors were similar to this one. 

Case 5. — A white male, forty-eight years old and a drug addict served as a donor twice. 
His erythrocyte count was 3,SOO,000 before giving 500 e.e. of blood. At the end of six 
hours after the transfusion, it was 3,-130,000 and returned very slowly to normal, beiug down 
to 3,000,000 after ten days. lie then gave a second transfusion of 300 c.c. and his erythro- 
cyte count dropped to 3,100,000. Counts at intervals for six months remained around 
3,500,000. 

Case 0. — A female premedical student, eighteen years old served as a donpr twice, giv- 
ing 500 c.c. of blood each time. On both occasions she was three or four days longer than 
Cases 1 and 2 in regaining her previous erythrocyte count. 

Case 7. — A white male laborer, twenty-seven years old, was a donor twice, giving 500 c.c. 
the first time and 300 c.c. the second. The findings closely resembled Case 1 with the ex- 
ception that during the second transfusion when 300 c.c. had been withdrawn, he had what he 
described as severe cramplike pains in the epigastrium, felt nauseated, and vomited. He felt 
bad for a day and was discouraged from giving any more. 

Cases 8, 9, and 10. — These donors gave one transfusion of 500 c.c. each. No irregular 
effects were noted. 

The question of small or large donations is important. From the obser- 
vations just considered, it would seem that to give 500 e.e. at three- to four- 
month intervals is not harmful, but, of course, the possibility of producing 
undetectable changes must be kept in mind. 

It lias been shown that frequent bleeding of rats to exhaustion, rapidly 
depleted the bone marrow. 3 ’ 5 A careful history from prospective donors 
is important as there are undoubtedly persons with a congenital weakness of 
the bone marrow who do not stand blood losses well. 

SUMMARY AND CONCLUSIONS 

1. Observations were made on ten donors who had given from one to 
twenty-three transfusions each. 

2. The average reduction in erythrocytes when 500 e.e. of blood was taken 
was 310,000 per c.mm. which was regained, in most instances, in four to six 

days. 

3. The leucocyte drop was proportional to the erythrocyte decrease. 
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4. The hemoglobin drop averaged 5.2 per cent when 500 c.c. of blood was 
taken, using the Salili method of estimation. There was no appreciable change 
in the color index. 

5. There was an initial weight loss of 1.5 pounds which was regained, in 
nearly every instance, within two days. No gain in weight was noted. 

6. There was no change in bleeding and clotting time. 

7. The blood pressure was only slightly reduced and rose again in six 
hours. 

8. Directly after the transfusions, there was no reduction in erythrocytes 
or hemoglobin but there was a decrease as fluid was taken from the tissues 
into the circulation, the minimum being reached at the end of six hours. 

9. The female donor regained her erythrocytes and hemoglobin more 
slowly than the male donors. 

10. Individuals with a tendency to anemia should, apparently, not be 
used as donors. 

Although a more extensive and complete study of the effects of blood 
transfusions on donors should be made before reaching definite conclusions, 
these observations suggest that there are no ill effects, or only slight ones, 
if 500 e.e. are given at a time and not oftener than once in three months. 
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THE DOCTOR AS INVENTOR* 


Edward Podolsky, M.D., Brooklyn, N. Y. 


T HE doctor has played a very important role in invention. He has been 
the far-seeing pioneer in this as in other fields. Some of his inventions 
have played a decidedly significant role in the lives of all of ns. Radio, one 
of the most popular of all inventions, owes much to the doctor-inventor. 

Mahlon Loomis was among the earliest pioneers in the field of radio 
engineering. Certain facts recently unearthed bring to light the fact that 
this physician was the first to use an aerial with a kite, the first to discover 
the phenomenon of wave length, the first to use a battery excited magnetic 
wave apparatus, though he was ignorant of the real manner of generation 
of the impulse. He was also the first to discover that the electromagnetic 
wave was transmitted better on a cloudy day than on a sunny one. 

Dr. Loomis was a man of many talents. He was interested in a great 
many things. Among other things he is credited with the invention of the 
false tooth plate. This relegated all other dental appliances to the scrap heap. 
The monstrous collection of wires and levers which formerly served to annoy 
the toothless is shown in the Alexandra exhibit of the relics of George Wash- 
ington. Loomis’ invention marked a new era in dental science. 

Loomis was no ordinary dabbler in electricity; what he did he carried 
to the limit. Records show that from 1S56 to 1859 he buried wires in the 
ground, charged them by a current from a galvanic battery, and enriched 
the crops in the family garden at West Springfield, Mass. He invented and 
patented the alarm thermometer. 

The efforts of the Loomis Aerial Telegraph Company, incorporated by a 
special act of Congress, are now a matter of history. The Chicago Fire and 
the Black Friday panic of Grant’s administration Avipcd out Loomis’ backers 
and contributed much to breaking the spirits of this pioneer. 

There is documentary proofs in the United States Patent Office and at 
various newspaper file rooms that Dr. Loomis discovered the oscillatory cur- 
rent and the application of it to short distance transmission. He used gilded 
balloons as part of the transmitting and receiving apparatus. Loomis, like 
so many other pioneers in new and unfamiliar fields, was not understood nor 
appreciated. He was sixty years old, broken in health, and bent with bitter 
recollections of his failure to convince others of the magnitude of his project 
in radio engineering when he died. His patents on his “aerial telegraph” 
did not expire until seventeen years after their grant by the Patent Office, 
which was July 30, 18S9, three years after his death. 

Dr. Loomis was perhaps the least appreciated of the American doctor- 
inventors, and the one who fared the worst. In other fields of practical in- 
vention other American doctors made very important contributions. In the 

•Received for publication. July 5, 1934. 
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0£ D , Mi *** " :: "“r 1 ^ 

0 f Ohio, lectured before its piesuei c epeated and how another 

Locke showed how the beats of a clock .r^t be ^ or 

clock at a telegraphic distance ml ° M ‘ Washington to the Naval 

* ix t - i i qj. 0 flip government CcillGcl ijoci . <* 

Oratory where he “—ted the 

in modern times. , American physician was improving an 

A, about the same ">« » ” in cveiy civffize d city 

invention which was to pla) a J P clianning applied the 

throughout the world Avound W48 Dk™ > ^ ^ U51 ^ be(ore 

principle of electric teleniiip i J , apMo system of transmitting 

the city of W-Jj *” a a X 8 J system of hre alarm h«es, 

Sis —"etctricaf apparatus, etc. Ten thousand dollars was Mr 
b „ ’ d by the city government in order to put his plan into operation. 

The doctor likened the telegraphic system to the human brain and the nervous 
“and drew a strong analogy "between the functions of the motor 

nerves and the apparatus of the amal system. 

The physician has played a rather sinister role in inventions foi the l 
y ^ „ . itf. This is in direct opposition to his sworn duty 

termination of human life Tl modern machine gun had its origins 

Richard Jordan Gatling, born in 1818 in North Caro- 
• lina Dr Gatlin- neglected his practice to devote his time to invention His 
earlier inventions were a steam plough and a machine for sowing seeds, but 
tbt lia^e not apparently been forgottem Dr. Gatling » ^ ** *■ 
invention of the Gatling gun which was first used m the Civil Wai. The 
Gatlin- gun was the first of the great engines of destruction. 

Another doctor who invented a machine to do away with human life was 
Joseph Ignace GuiUotin (1738-1814) whose name would have been long for- 
gotten had he been satisfied merely with practicing medicine. He received 
his medical education at Rlieims and at Paris, where he practiced for a few 
years But it was politics lie was really interested in, and in 1789 he was 
elected to the Constituent Assembly. In that very same year he brought for- 
ward a proposition that all capital punishment should he by decapitation 
and by a specially devised machine. He wanted death to be swift and pain- 
less Two years later a law was passed that everyone condemned to death 
in France should be decapitated. Dr. Guillotin invented the machine to ac- 
complish this decapitation. It was at first called the lousette, but later came 
to be known as the guillotine. In this country the electric chair was invented 
by a New York physician whose aims were similar to those of Dr. Guillotin. 
He wanted death to be swift and painless, although he himself was opposed 
to capital punishment. Even now doctors are endeavoring to find even less 
painful means of execution, and the direction is along poison chambers of 
one kind or another. 
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One of tlie most eminent of doctor-inventors was the Englishman Neil 
Arnott, born in 1788 at Arbroath. lie received his medical education at 
Aberdeen and London, and after graduation became surgeon to the East 
India Company. After making two voyages to China, he settled down to 
practice medicine in 1811. In 1813 he obtained the diploma of the College 
of Surgeons and one year later his doctor's degree from Aberdeen. In 1855 
he gave up medical practice to devote all his time to invention. Prom then 
on his contributions to practical science were of the highest order. 

Among the first of his great inventions was the Arnott stove, which earned 
for him the Rumford Medal of the Royal Society. lie also invented the 
Arnott ventilator and water bed. He never patented his inventions, and his 
rewards were mainly in medals and honors. Among the most prized of these 
was the gold medal at the Paris Exhibition of 1855, and the Cross of the 
Legion of Honor conferred on him by Napoleon HI. One of his last inventions 
was a chair-bed to prevent seasickness. He was also one of the founders of 
the University of London in 1836. 

The inventor of modern shorthand was a physician, Dr. Timothy Bright, 
bom in 1551. He graduated in medicine at Cambridge in 1574. His life was 
barely spared two years previously while in Paris during the Massacre of 
St. Bartholomew’s Day by his taking refuge in the home of a friend of his. He 
was appointed physician to St. Bartholomew’s Hospital from which position 
he resigned in 1590. He was the first to evolve a system of shorthand writing. 
His system had an alphabetical basis using the initial of each word. 

Two physician inventors contributed much to modern headgear. They 
both lived in England, and they were contemporaries. James Starton, born 
in 1806, was a successful skin specialist in London. His inventive genius 
asserted itself during his youth when he was an apprentice in a hat factory. 
It was he who invented the commercial process of stiffening felt hats. George 
Borlase Childs, bom ten years after Dr. Starton, was a native of Cornwall, 
who upon graduation came to London where for forty years he was surgeon 
t.o the City of London Police. In 1861 he invented the modern police helmet, 
which is still worn by the Loudon police. 

Medical men have been prolific contributors to the science of crime, detec- 
tion. Among the greatest of these was Henry Faulds (1844-1930) who is 
credited with inventing the fingerprint method of identification. He practiced 
medicine after graduation, but his interest was soon focused on finding a way 
to identify persons. In 18S0 he published his fingerprint method of identifica- 
tion. He issued a schedule containing outlines of the ten fingers, to be filled 
with imprints from them. These schedules were supplied to coroners, magis- 
trates, surgeons, chiefs of police, etc. Paulds made the first practical con- 
tribution to the modem science of crime detection. 

In the science of chemistry one of the greatest discoverers was a doctor. 
Friedrich Wohler graduated in medicine, but never practiced. His interests 
lie in chemistry to which he devoted himself with distinction. In 1836 he 
was appointed to the chair of chemistry at the University of Gottingen. He 
had had a most remarkable career before this appointment. In 1827 he dis- 
covered the metal, 1 aluminum, one of the most useful of. present-day metals. 
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One year later lie obtained beryllium. He was tlie founder of modern synthetic 
chemistry when lie produced urea synthetically for the first time. 

The inventor of the modern telescopic lens was John Bevans, bora 1693 
who, while he practiced medicine in London, was very much interested in 
astronomy. He was not satisfied with the type of telescopic lens in use at 
that time and after a great deal of experimentation he found that by incor- 
porating borax into the glass he obtained a lens whose refractive powers were 
greatly increased. 

George Armstrong Peters (1859-1907), a native of Ontario, was educated 
at Toronto where lie graduated with the degree of M.D. Several years 
later he became Professor of Surgery at liis alma mater. Besides surgery he 
was much interested in horses and rifles. It was he who perfected the electric 
self-registering rifle target which bears bis name. 

Another rather versatile English doctor-inventor was Charles Brooke, 
born in 1804. After graduation he became a member of the surgical staff of 
the Metropolitan Free Hospital and Westminster Hospital. A little later he 
became President of the Meteriologieal and Royal Microscopical Societies. He 
was very much interested in mathematics and physics on which lie lectured 
and wrote a great deal. He was tlie inventor of the self-reading barometer, 
thermometer and psychometer. He also invented the magnetometer which 
registered variations by photography. All his inventions were accepted by 
the observatories at Greenwich, Paris, and other centers. He also greatly 
improved the microscope. 

A physician whose inventions have contributed very much to material 
progress is Sir Goldsworthy Gurney (1793-1875) who was born in Cornwall, 
and after graduation settled down to a surgical practice at Wadeb ridge. 
Among the greatest of his inventions was the oxyhyflrogen blowpipe which 
is used in industry today throughout the world. The blowpipe has made 
possible the utilization of steel for building purposes; it is therefore respon- 
sible for all skyscrapers, for one thing. 

Dr. Gurney was tlie first to make use of his own invention. He used the 
blowpipe to fuse lime and magnesia which now forms the basis of the power- 
ful limelight, useful in photography and illumination. This is another inven- 
tion of greatest value to present-day civilization. He also invented the steam 
jet, used in connection with locomotives, steamboats and blast furnaces as 
well as for the extinction of fire in burning coal mines and for cleaning and 
ventilating sewers. It was also Sir Goldsworthy Gurney who pointed out 
that a magnetic needle moves when the poles of a galvanic battery are brought 
into contact with the current. In his lighter moments he invented an j nstru 
ment of musical glasses to be played like a piano, but this instrument’s 
popularity lasted but for a short time. 


Tlie extramedical contributions of physicians have been of utmost value 
There is scarcely a field of human endeavor which has not been invaded’ 

ihe doctor as an inventor has performed and is performing a most useful 
service to humanity. userui 
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CARCINOMA AND SCHISTOSOMIASIS OF THE APPENDIX* 


A Case Report 


Jacob Levine, M.D., and Rafael A. Maiun, M.D., New York, N. Y. 


T HIS case is presented because of the unusual association of carcinoma with 
schistosomiasis of the appendix. 

CASE REPORT 

The patient, J. R., a twenty-eight-year-old Puerto Rican seamstress, was admitted to the 
Surgical Service of Dr. L. W. Crossman, City Hospital, on Sept. 21, 1933, complaining of 
right lower quadrant pain of several days’ duration associated with nausea and vomiting. 
Language difficulties did not allow of any more definite history. She appeared acutely ill 
and showed tenderness but no rigidity in the right lower quadrant. Her pulse was 98, 
temperature 99° F., and respirations 24. The white blood count was 12,S00 with S4 per cent 
polynuclear neutrophiles. A diagnosis of acute appendicitis was made and an appendectomy 
performed four hours after admission. The postoperative diagnosis was subacute appendicitis. 

Pathologic Report . — Gross appearance: The appendix was 11 cm. long, G to 8 mm. in 
diameter. There was a very slight bulbous swelling at the tip; externally, otherwise negative. 
The lumen was about normal in size, except at the tip, where it seemed to be obliterated 
by a solid, bright yellow, homogeneous tumor, 0 mm. in length. It apparently occupied the 
tissue down to muscle, except at its proximal end where it extended in the mucosa as finger- 
like projections. The remainder of the appendix was normal. 

Histology . — The tumor consisted of closely packed alveoli of uniform size separated 
by narrow connective tissue septa. In the deeper portions, they varied more in size, were not 
so well delimited and showed a greater dcsmoblastie reaction with invasion into surrounding 
connective tissue and lymphatics by a few tumor cells. There was palisading of the peripheral 
layer of cells in the alveoli against the connective tissue septa and also against central vesicles 
containing a homogeneous pink-staining material. The tumor cells had a pink-gray-blue, 
granular cytoplasm with a smoked appearance, and, except for the palisaded cells, had in- 
definite cell boundaries. The nuclei were of fairly even size, ovoid to spheroid, moderately 
hypercliromatic, contained a few mitotic figures and occasionally formed tumor giant cells. 

The tumor occupied the mucosa and widened it, compressing the outer coats. In a few 
regions, however, some tumor cells invaded the submucosa and even muscle. The lumen at 
the tip was extremely narrow and eccentrically placed. The mucosal epithelium was preserved, 
except in the crypts were there was replacement by tumor. Many normal gland acini were 
present between tumor alveoli, as were also several isolated, hyperplastic lymphoid follicles. 
The fibrous stroma of the tumor showed a heavy, diffuse infiltration by lymphocytes, mono- 
cytes, numerous eosinophiles, and a few plasma cells. 

In the deep mucosa of the portion involved by tumor were many largo tubercle-like 
nodules containing ova of Schistosoma mansoni. Many of the ova were being engulfed by 
giant cells. Around these nodules, in both mucosa and submucosa, was a heavy' infiltration by- 
cells similar to those mentioned above. The remainder of the appendix showed only the 
changes seen in a very mild, nonspecific appendicitis, and there was only a rare parasitic, 
egg away from the tip. 

•From the Pathological Laboratory, City Hospital, Welfare Island. Department of Hos- 
pital^. 

Received for publication, July 20, 1934. 
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Subsequent History . — Recovery was uneventful except for a sore throat and slight eleva- 
tion of temperature seven days after the operation. She was discharged on Oct. 11, 1033, and 
returned a week later for further study and treatment. An inquiry in her own language 
revealed that as a child she was accustomed to swim in a small stream near her home 



Pig. 1. — Carcinoma of appendix showing the character of the cel), the alveolar arrangement 
and the palisading of the basal layer. 



(Xuranjito, Puerto Rico) but that she never noticed ... .. , , ,, . 

momons. During the past eight or ten years she had suffered occasio^t attLlsof dSrlT 

perL^ of 2n -UpaHon, b^i Si blood iftfT “w ^ 8oa * 

hemorrhoids. She had never had ^ 
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admitted. A barium enema was negative. A sigmoidoscopic examination disclosed only 
internal hemorrhoids of moderate size. After numerous stool examinations were done, fuadin 
was given. This treatment caused no reaction except possibly a slight loss of appetite. 

Nine different stool specimens were examined at intervals during a period of five months. 
From two to ten ordinary smears were examined from each specimen, making a total of -12 
smears. Centrifugation and brine dotation were used on several occasions. One attempt was 
made to hatch ova in tap water. Ova of Schistosoma or the hatched miracidium could never 
be found. Ova of locator amcncanus and l'ricftitris tnchiura, and cysts of Endamcha histo- 
lytica were often found. The worm ova were present in very small numbers. Trophic forms 
of E. histolytica were never encountered. 



Fig. 3. — Ovum of Schistosoma mansoni in a tubercie-Iike structure ami within foreign body 

giant cells. 


DISCUSSION 

The acute symptoms in this case are difficult, lo explain. The parasites 
other than Schistosoma are not held accountable for any significant degree, of 
pathology. As regards E. histolytica-, it has often been pointed out, 1 ’ *'* 3 that 
in some tropical countries, in the majority of cases of infestation the parasites 
are carried without symptoms and without demonstrable lesions of the large 
bowel. Of the damage done by the Schistosoma, we have a good indication in 
the appendix. Similar pathology is likely to be present in the large bowel 
and in the liver. The fact that the ova could not be found in the feces sug- 
gests either that the parent worms had died at the time of examination, or, 
what is more likely, that the worms had strayed into parts of the body from 
which ova could not gain access to the feces. The prognosis depends on 
whether the parent worms of Schistosoma are still alive. If they have died 
or have been killed by fuadin/ then, although the damage already done is ir- 
reparable, there will be no further pathology inflicted. If, however, the worms 
alive, they will lead to progressive and cumulative pathology wher- 
ever they are. The neoplasm is of the type usually termed “carcinoid.” It is 
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clinically benign and rarely metastasizes, even though histologically there is 
evidence of a local invasive element. 

From the very close association of the carcinoma in the appendix with 
the presence of Schistosoma ova, the possibility of the tumor arising through 
chronic inflammation set up by the parasitic eggs must be considered. 

SUMMARY 

A case of carcinoma of the appendix associated with encapsulated eggs of 
Schistosoma mansoni is presented. The presence of the eggs practically only in 
that portion of the appendix having the carcinoma suggests an etiologic rela- 
tionship. Ova of Schistosoma mansoni were never demonstrated in the stools, 
although three other types of intestinal parasites were found. 

We wish to express our thanks to Dr. J. it. Lisa for his aid and advice in the prepara- 
tion of this paper. 
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FAMILIAL RENAL GLYCOSURIA* 


Marshall S. Brown, Jr., M.D., and Rubin Podeshuck, A.B., New York, N. Y, 


A CCORDING to Hatlehol 1 the hereditary nature of the condition known as 
L renal glycosuria was first demonstrated in 1913 by Bonniger 12 who showed 
that the condition was passed from father to son. The next year, Salomon 13 
. published three genealogie charts showing the pronounced familial tendency 
of this condition. Since then other writers have spoken of its hereditary 
( nature . 2 ’ i ’ 5 ’ G 

Some authors state that this condition may develop into true diabetes mel- 
litus. Joslin has said that when cases of renal glycosuria are studied more 
carefully certain resemblances to diabetes mellitus may be found. However 
he qualifies his statement by adding that he does not wish to be put on record 
as saying that one is apt to pass into the other. On the other hand, Magee 7 
believes if a patient with renal glycosuria develops diabetes mellitus, either 
the former was a mistaken diagnosis, or two separate conditions exist in the 
same individual. 


In this report we are presenting four eases of renal glycosuria occurring 
m three generations of one family. The history of these cases is as follows" 
and is also outlined in the accompanying family tree. 

pltul llvJlcal^Collcsc, ll xI;w' Yoik^UnWcrsity.'* Jr, ‘ taboH! *m Clinics. University and Bellevue Hos- 
Ilecelved for publication. August 14. 133 1. 
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Case 1. — The eldest of this family is an adult white male, sixty years of age, a native 
of Bussia, who for the past seventeen years has been known to have glycosuria. This was 
discovered accidentally when he applied for life insurance. Neither prior to, nor subsequent to 
tliis accidental finding of glycosuria has he exhibited any of the classical signs or symptoms 
of diabetes mellitus. lie has never been obese. Blood sugar determinations had never been 
done prior to the present observations. 

Of his five children, all of whom are living, two have a persistent glycosuria, two have 
had repeatedly negative tests for glucose, both in twenty-four-hour specimens and in specimens 
collected two hours after meals, the fifth had sugar in his urine on one occasion four years 
ago. Kepeated tests since then have always been negative. There are no symptoms of diabetes 
mellitus in any of the children. The only grandchild, Case 3, has persistent glycosuria. 

Case 2. — The eldest son of the patient in Case 1, aged thirty-nine, has had persistent 
glycosuria since 1917. It was first discovered accidentally at that time, when lie applied for 
admission to the Army. No blood sugar determinations were done, and treatment for diabetes 
mellitus was instituted. No improvement in the glycosuria was obtained by the starvation diet 
then in vogue, nor later by the high fat diet. After the advent of insulin, he was treated 
with it, without results. Because of the absence of any symptoms, and his feeling of general 
good health, he discontinued further treatment. lie has repeatedly been refused life insurance 
because of glycosuria. 

Case 3. — This boy, aged ten, son of the patient in Case 2, was discovered to have 
glycosuria at the age of nine, when a routine urinalysis was done during an attack of pertussis. 
Several specimens of urine that have been examined during the past year have all shown 
glucose. He exhibits no signs or symptoms of diabetes mellitus. 

Case 4. — The other son of the patient in Case 1, who lias persistent glycosuria, is a fourth- 
year medical student, aged twenty-six, who discovered sugar in his urine during Ills first year 
in medical school, and has had glycosuria persistently since. This case lias been reported 
by Balli.* 


Family Tree 
C £a'* bo C 1 
Grandfather (Case 1) 


-71 -. 

\ ' ' 





Chi 

1 

~Gri 

Id 1 (Case 2) Child 11 

7? i0 

mdchild (Case 3) 

Child III 

Child IV 

Child V (Case 4) 


The results of the glucose tolerance tests and the urinary findings are re- 
ported in Table I. 

Discussion . — We are presenting these cases as additional evidence of the 
familial or hereditary nature of the condition known as renal glycosuria. 
These observations help substantiate the belief that it is an entirely benign 
condition. It is interesting to note that Cases 1 and 2 have been known to 
have glycosuria for seventeen and sixteen years, respectively. At its discovery 
the diagnosis of diabetes mellitus was made in each case and the treatment 
for that disease was instituted. 

Case 1 shows a rise in the blood sugar level to 192.3 mg. per cent, sixty 
minutes after the ingestion of 100 gm. of dextrose. This, however, has re- 
turned to normal (117.6 mg. per cent) after 120 minutes. Sugar was present 
in the urine in definite traces in the fasting specimen, but showed an increase 
to a concentration of 3.7 per cent during the rise in the blood sugar. Formerly 
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Table I 
Blood Suoar Curves 


^7Y'|Bloo3^ugarmg. 

( Urinary sugar 

“cSeT" (Blood sugar mg. 

I Urinary sugar 

“55irT Blood sugar~m£ 

(Urinary sugar 
-&mT I' BToorsugar~mg 

*■ 

cl ITWJL «o »' 8>“0« * ”“ 9> ' . „ r 

,• w+ was considered diabetic. M-ore 
with this degree of hyperglycemia a p is not sustained 

recent, y the feeV,n g is that a nse n th b ond ^ Mstory of 

does not warrant, per se, the *a«,nos toms 0 £ diabetes, and the 

long-continued glycosuria th* e ° r S ” eeords of the other mem- 

low renal threshold for glucose, g glycosuria in this ease, 

hers of the family, establish the tavern note tbat ttoe has 

In Case 2 it is interest, ng a^ tejan^ ^ ^ yeats 

been no decrease in his gtaeose to ^ M) tbe tads of the diagnosis 

of persistent glycosnria. granted life insurance of a standard 

^ttSr^;"rhr=eh aid Weber, and the 

family history referred ^ ^ ^^fabsolutely normal glucose tolerance 
The patients in bases o a 

tests - 8 .. ta ohowed -lucose in all specimens of urine examined, 

eve X 2 *■*« " in ‘" e w ” a s ” g “' 

range was ; from 85. t loss of sugar in the urine there has been no loss 

In f lte ° f l ®r ia ^ any of the four eases. In fact, tlie patient m Case 
of weight, or polyu , ds in a six weeks’ period on a high caloric 

4 was able to gam " and Ralli* and this diet in no way affected his car- 
chet as reported y B ^ QTer a period of two years there has been 

no toe in hL carbohydrate tolerance as shown by glucose tolerance curves. 

SUMMARY 

1. Four cases of renal glycosuria are reported. 

9 The familial nature of the condition is indicated. 

3 Evidence is given to show that it is a benign condition. 
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THE SIGNIFICANCE OF IKON AND COBPEK IN THE BILE OF MAN* 


E. ta, Judd, M.D., and Thomas J. M.B., Kouhdstdd, M,nn. 

With the Technical Assistance op 
Mary Sue Bledsoe, M.S. 

OINCE tlie classic experiments of Claude Bernard, it has been demonstrated 
S S he liver participates in a multiplicity of physiologic processes m 
addition to those relating to the carbohydrates. Mention only need be mad 
of mvt that it plays in protein, fat, and mineral metabolism and m the 
storage^ certain vitamins, Moreover, its secretions which aid digestion and 
absorption of food serve as a medium for the transport of excretory products 
as well As a gland, the liver is unique m the sense that it possesses bo 
secretory and excretory functions. Thus the bile salts are reabsorbed after 
serving their part in digestion, whereas the bile pigments for the most pa 
are eliminated as waste products. 

Drug's such as chloroform, quinine, barbital , 23 and some of the halogens 
which normally do not occur in the bile of animals, have been shown to be 
present in the bile after their administration by mouth. The liver has even 
been credited with the power of excreting some of the excess urinary waste 
products 21 when the function of the kidneys becomes impaired. The diftusi- 
bility of urea however, probably accounts for its appearance in the bile, and 
its rapid absorption from the upper portion of the intestines renders any 
increased excretion, if it does occur, unimportant so far as relieving or aiding 
renal function is concerned. 

Varying amounts of elements concerned with the nutrition of body cells 
as well as those entering into the process of hemoglobin formation, in which 
process the function of the liver is closely related to the mineral metabolism, 
are present, then, at all times, in the liver. It seemed to us that a study of the 
bile from the standpoint of these two mineral substances most closely con- 
cerned with hemopoiesis would be a convenient starting point for the study of 
certain phases of the mineral metabolism, since these substances, which the 
liver has been shown to store, can reaeh the blood either directly or, possibly, 
throuMi reabsorption after excretion into the gastrointestinal tract. The en- 
teroliepatic circulation of bile salts has been commented upon, and other sub- 
stances in the bile may possibly share in the animal economy by being re- 
sorbed. Our first step was to determine whether iron and copper were present 
in the bile of man only under certain circumstances, or whether they were 
always present. 

Tables T, II, and III would seem to indicate that they are constant con- 
stituents of bile. The bile of dogs and of guinea pigs has been found to con- 

•Submitted for publication July 20, 193-1. 
tFrom the Mayo Foundation. 
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tain from 0.09 to 0.18 mg. per cent of iron in the form of inorganic ferric 
compounds. 23 

MATERIAL AND METHOD 

Samples of bile recovered either from the gallbladder at operation or from 
biliary fistulas following cholecystectomy were analyzed for their iron and 
copper content (Tables I and II). The method described by Kennedy was 
used in determinations for iron and that described by Elvehjem and Lindow 
for copper, with the exception that sodium pyrophosphate was utilized, as sug- 
gested by Warburg, instead of hydrogen sulphide, to remove the contained 
iron. The next step was an attempt to assess the respective importance of iron 
and copper to the remainder of the mineral metabolism of the body as well as 
to determine the part that the liver plays in this complex mechanism. 

Table I 


Analysis of Specimens op Bile foe the Content of Ikon 


CASE 

SOURCE OP 
BILE 

DATE, 

1932 

PATHOLOGIC DLVG- 

XOSIS 

IRON, MG. 
PER 

100 C.C. 

COMMENT 

i 

Common duct 

1/22 
1/23 
1/24 
1/25 
1/29 
1/30 
1/31 
2/ 1 

Obstruction of com- 
mon duct duo to 
stones 

0.13C 

0.046 

0.035 

0.052 

0.033 

0.032 

O.OOG 

0.031 

Biliary cirrhosis, graded 2; se- 
rum bilirubin 3.3 mg. per 
cent (direct); jaundice com- 
pletely disappeared postoper- 
atively; ferric citrate 40 gin. 
on January 27 and 2S 

2 

Common duct 

3/22 

3/23 

3/24 

Obstruction of com- 
mon duct due to 
stones 

0.157 

0.157 

0.1G0 

0.392 

Suppurative cholangitis; serum 
bilirubin 2.G mg. per cent 
(direct) ; liver in good con- 
dition 

3 

Common duct 

3/22 

3/23 

3/24 

3/30 

Obstruction of com- 
mon duct duo to 
stones 

0.152 

0.195 

0.1G0 

0.133 

Biliary cirrhosis, graded 1; se- 
rum bilirubin S.34 mg. per 
cent (direct) ; spleen en- 
larged 

4 

Gallbladder 

4/30 

Cholecystitis with 
stones 

O.0S2S 

Liver appeared normal; no ob- 
struction of common duct 

5 

Gallbladder 

3/29 

Chronic cholecystitis 

0.175 


6 

Gallbladder 

4/ 8 

Chronic cholecystitis 
with stones 

0.90S 

No jaundice; hepatitis, graded 

1 

7 

Gallbladder 

4/ 4 

Chronic cholecystitis 

1.6S 

0.23S 

No jaundice; hepatitis, graded 

3 

8 

Gallbladder 

5/ 7 

Cholecystitis with 
stones 

0.115 

No obstruction of common 
duct; no symptoms 

9 

Gallbladder 

5/ 9 

Chronic cholecystitis 


No obstruction of common 
duct; no symptoms 

10 

Gallbladder 

5/ 6 

Chronic cholecystitis 
with stones 

0.230 

Hepatitis, graded 1 

11 

Gallbladder 

5/ 6 

Chronic cholecystitis 
with stones 

0.146 

Liver in good condition 


iron 

Although so many details concerning the intermediate metabolic processes 
with which iron is concerned are as yet undetermined, these processes have 
nevertheless been the subject of some speculation. There is good evidence to 
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Table II 


Analysis op Specimens op Bile for the Content of Copper 


CASE 

SOURCE OP 

BILE 

PATHOLOGIC DIAGNOSIS 

COPPER, 
MO. PER 

100 C.C. 

COMMENT 

12 ( 

lonimon. duct ( 

Cholangitis 

0,212 

Liver in good condition; dye re- 
tention, graded 0 

13 C 

lommon duct ( 

Ghronic cholecystitis with 
stones; stone in common 
duct 

0.063 

Serum bilirubin 8.34 mg. per 
cent (direct) ; biliary cirrhosis, 
graded 1 

14 ( 

lommon duct ! 

Stricture of common duct 

0.325 


15 < 

Gallbladder 1 

Chronic catarrhal chole- 
cystitis with single large 
stone 

0.792 


16 i 

Gallbladder 

Chronic cholecystitis with 
multiple stones 

0.158 

Hepatitis, graded 2 

17 

Gallbladder 

Chronic cholecystitis with 
multiple stones 

A 

Liver in good condition 

18 

Gallbladder 

Empyema of gallbladder; 
multiple stones 

0.094 


19 

Gallbladder 

Subacute cholecystitis with 
multiple stones 

0.091 

Dye retention, graded 2 

20 

Gallbladder 

Chronic cholecystitis with 
stones 

0.75 

Hepatitis, graded 1 

21 

Gallbladder 

Chronic cholecystitis with 
stones 

0.349 

Serum bilirubin 7.5 mg. per cent 
(direct) 

22 

Gallbladder j 

Chronic cholecystitis with 
stones 

0.155 


23 

Gallbladder 

Chronic cholecystitis with 
stones 

0.754 


24 

Gallbladder 

Chronic cholecystitis with 
stones 

0.130 

Cirrhosis, graded 1 

25 

Gallbladder 

Chronic cholecystitis with 
stones 

1.07 


26 

Gallbladder 

Chronic cholecystitis with 
stones; stone in common 
duet 

0.250 

Serum bilirubin 8.8 mg. ner cent 
(direct) ; biliary cirrhosfs 
graded 2 

27 

Gallbladder 

Chronic cholecystitis with 
single stone 

0.906 

Hepatitis, graded 1 

28 

Gallbladder 

Chronic cholecystitis with 
multiple stones 

0.421 

~ 

29 

Gallbladder 

Chronic cholecystitis with 
multiple stones 

0.162 

Serum bilirubin 4.84 mg. per 
cent; dye retention, graded 4; 
hepatitis, graded 3 

30 

Ixanblaaaer 

Chronic cholecystitis with 
multiple stones 

i 0.880 


31 

Gallbladder 

Chronic cholecystitis with 
multiple stones 

i 1.00 


32 

Gallbladder 

Chronic cholecystitis with 
multiple stones 

i 0.424 

Hepatitis, graded 1 



Chronic cholecystitis witl 
multiple stones 

i 0.723 



show, however, that iron in its more complex forms, both inorganic and or 
game, including the freed hemoglobin irr>n ° c antl or 

hemolysis, is »« directly utilii “d tZ ,h “” d 

to render it writable for h.mopdc’s , occt & r « “ f ~~*J 

-e - of iron contoiL 
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Table III 

Retorts From tub Literature or Content of Copper of Liver in Various Conditions 


AUTHOR 

! pathologic condition 

CASKS 

COPPER, MG. PER 
EUE.S1I LI VI 

ranqe 

; KG. OP 

ZR 

| average 

Funk and St. Clair 

Hemochromatosis 

i 

1-10 



Normal controls 

o 

1 to 9 

0 

Ilerkel 

Normal 

12 

2.8S to 12.9 

7.43 


Hemochromatosis 

24 

10.5 to .06 

oo f) 


Cirrhosis 

10 

5.5 to 113.6 

44.4 

Gordon-Kabinowiteh 

Yellow atrophv 


179.3 


Yagi 

Normal 

mm 

6.5 to 17.5 



Normal infant 

msm 

23.0 


Flimi and von Glalin 

Normal 

20 

2.30 to 12.42 

4.84 

Morrison and Nash 

Normal infants 

25 

ti.9 to 57.6 

24.0 


Normal 

7 

1.6 to S.5 

4.0 

Mallory 

Normal 

1 

14.2 

14.2 


Normal 

1 

O.S 

O.S 


Addison’s disease 

1 

4.6 

4.6 


Alcoholic cirrhosis 

1 

20.0 

20.0 

Osterberg 

Hemochromatosis 

1 

7.2 


Schonhcimer and 0 'Shinia 

Hemochromatosis 

16 

9.S6 to 63.29* 

mmi 


•Fixed In formalin. 


of hemoglobin. Whipple and Robseheit-Robbins recently have indicated that 
the hemoglobin producing factor in the liver need not bear any relation to 
the total amount of iron in the liver. Iron is at all times stored throughout 
the body, depending largely on the exogenous supply; from this, “hemoglobin 
producing iron." may be elaborated according to the needs of the body. 

The question immediately arises, therefore, as to whether this “bile 
iron" has beeu altered in such a way as to be utilizable in hemopoiesis, or 
whether it happens to be merely an excretion of excess iron in the body or 
liver. Stransky has suggested that there is a “bowel-liver-bowel circulation” 
of iron of much the same sort as the enterohepatic circulation of bile salts. If 
this is true, then the resorbed iron is probably as important in the mineral 
metabolism of the human body as the bile salts are in the animal economy, for 
with large stores of iron there should not be any necessity of resorbing the 
small amounts that are present in the bile. Anemia may result from the pro- 
longed loss of bile through a biliary fistula in man as well as in dogs. In a 
ease reported by Balderston tlie patient responded to treatment by bile salts, 
iron, and arsenic. After the level of the blood had been restored to normal, an 
attempt was made to maintain this by tlie administration of bile salts alone. 
This proved unsuccessful for, later, iron was again needed. The reason anemia 
does not occur more commonly is probably because the fistulas are very seldom 
complete in man. Moreover in the plasma there is a partly diffusible iron 
compound that Rieoker 10, 20 and others 13 have shown to be decreased in anemia 
of the “iron deficiency" type, and to be increased in hemolytic forms of 
anemia in which the iron content of the liver is high and in which the adminis- 
tration of iron does not materially affect the course of the disease. 

What further adds interest to this bile iron is the fact that, in contradis- 
tinction to many other substances investigated, it cannot be augmented to any 
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tot* by tile qtamistatioq .1 large amounts of iron, irrespective of the route 

net as an »‘S“ ^ ^ ^ ^.ntative 0M , quantitative 

setetWity mie «« ««« this seem so when we contrast those phenomena 
with, the behavior of copper in the animal. 

COPPER 

The significance of copper in bile of man can only be considered with refer- 
ence to alUbe known facts concerning its metabolism. Copper is distributed 
ubiquitously throughout the plant and animal kingdoms. Pharmacologica y 
Conner acts as a protoplasmic poison, but its affinity for the proteins of food 
and mucin of the gastrointestinal tract renders it innocuous m the amounts m 
which it ordinarily gains entrance to the organism. Biologically, it functions 
as a catalyst in formation of hemoglobin. The amount necessary for ns 
hemopoietic function is extremely small, indeed, in sufficiently large doses cop- 
per may cause hemolysis of erythrocytes.-- » Whether there is any relation 
between its catalytic activity and cell growth in general is not known, but vt 
is of interest to note that the young, actively growing cells of plants contain 
cornier in greater amounts than the more mature parts, 10 that the liver of an 
infant has a higher copper content than that of its mother 12 - 18 and that copper 
content of the blood serum, in a variety of clinical conditions, has been found 
to be increased in two groups of cases, namely, in pregnant women and m ad- 
vanced malignant disease. 13 

Experimentally, the total copper content of animals is appreciably in- 
creased by feeding the metal. 2 - 12 In experiments in which copper is fed con- 
tinuously, the absorbed copper is found in the liver almost to the exclusion of 
all the other viscera, irrespective of the mode of entry to the body. The 
amount of copper excreted in the bile steadily increases under these circum- 
stances. With normal intake, two-thirds of the copper is excreted in the feces 
and one-third in the urine, hut if extra copper is fed, 98 per cent of it has been 
removed from the feces. Flinn and Inouye recovered 1,028 mg. of copper from 
the feces over a period of eighty-two days when the total intake was 1,203 
mg. For the same period the urinary excretion was 12.36 mg. of copper; only 
11 34 mg. was recovered from the bodies, whereas 144 mg. was found to be 
present in the drinking tubes. Lindow and his coworkers 12 found that all ac- 
cumulated copper is excreted in the four to five weeks following- the cessation 
of its administration. 

In specially stained microscopic sections of the liver, Mallory and Parker 
have demonstrated the px-eseiice of copper in the inspissated bile following its 
administration in large amounts to animals. Pigment gallstones have been 
shown to contain lai’ge amounts of copper." The chain of events, then, is 
complete, and we can state with a fair degree of certainty that copper is ab- 
sorbed, that what is absorbed reaches the liver, and that later it appears in 
the feces in amounts almost equal to those that reach the animal ’s tissues. 
Thus the liver is the most important excretory avenue for copper. 
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In the light of the foregoing facts the constant occurrence of copper ia 
the bile of man may consequently be regarded as much a normal excretion of 
the liver as urea is a normal excretion of the kidney. The normal metabolism 
of copper in man is, indeed, the counterpart, in miniature, of the events de- 
picted under experimental conditions. Dealing here not only with smaller 
amounts, mainly as a contaminant of food, but also with amounts that vary 
from time to time and from one individual to the next, we would expect to 
find the amounts of copper present in the liver varying with the fluctuations 
of exogenous supply and with the ability of the liver to excrete it. 

The variations which occur in the intake of copper are well illustrated 
by the varying amounts of copper that are present in different foods. Lindow, 
Elvehjem, and Peterson determined the copper content of about 160 samples 
of common food material. The figures ranged from 0.1 mg. of copper per 
kilogram of fresh celery to 44.1 mg. per kilogram of fresh calves liver. No 
food examined was found to be without its copper. 

When we come to consider the relation of copper to the normal physio- 
logic conditions in the liver, the subject begins to assume a somewhat contro- 
versial form. It may be stated, however, that the bulk of both clinical and 
experimental evidence points to the fact that the liver can handle large 
amounts of copper without any demonstrable deleterious effects. 

The highest figures for copper in livers in which pathologic changes are 
present are encountered in some cases of cirrhosis, 0 including hemochromato- 
sis, 6 and in yellow atrophy. 7 Yet, in certain other cases of the former group, 
figures may be as low or lower than the average normal figure (Table III). 

It is worthy of note that the highest figures obtained by Herkel, in his 
group of eases of lionpigmentary cirrhosis, are in what he described patho- 
logically as “hypertrophic,’ 7 while the exact reverse was true in those desig- 
nated atrophic. It would seem that the suggestion made earlier regarding the 
activity of cells and their copper content may apply here, too, for the hyper- 
trophic liver is no doubt the one that has displayed the most compensatory 
regeneration. 

CONCLUSIONS 

1. Copper and iron are constant constituents of the bile of man. 

2. There is some evidence to suggest that iron may be excreted in the 
bile and resorbed from the intestines. 

3. The liver is an important excretory organ for copper. 

4. So far, there is no conclusive proof that copper causes injury to the 
hepatic parenchyma. The high figures for copper in some cirrhotic livers may 
be related to the degree of regeneration (cell growth) occurring within the liver. 
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AMIDOPYRINE AND GRANULOPENIA 9 


Reappearance of Granulocytosis in a Case op Recurring Agranulocytosis 
After Large Doses op Amidopyrine. A Clinical Experiment 


Louis R. Limarzi, M.D., and Iva G. Murphy, B.S., Chicago, III. 


K RACIvE, 1 Madison and Squier, 2 Watkins, 3 Randall, 4 and Hoffman, Butt 
and Hickey 3 have collected and described patients in whom the onset of 
granulopenia was preceded by the use of amidopyrine, amidopyrine with a 
barbiturate, or other drugs containing the benzene ring. In six of Madison 
and Squier’s eases who continued the use of amidopyrine drugs the mortality 
was 100 per cent. In two patients who recovered from the acute disease and 
who were later given a single dose of amidopyrine, the blood showed a rapid 
fall in the gnymlocytes. Experimentally, Kracke,® and Madison and Squier 2 
have produced granulopenia in animals with drugs containing the benzene 
ring. Kraeke 7 stressed the point that “the discussion has centered around 
the relationship to granulopenia of drugs containing the benzene ring and 
that the barbiturates have not been involved in this conception of the etiology 
of the disease.” Exception is made in the cases described by Watkins. 

On the other hand, T. II. Boughton 8 of Akron, Ohio, states that in the 
rubber factories where benzene is in general use among the workers he has 
seen a great many cases of benzene poisoning, yet in spite of constant watch- 
fulness, he has found only two eases of agranulocytosis, neither of them in 
workers exposed to any form of industrial poisoning. Further, he states that 
if benzene could produce agranulocytosis, those workers who are in contact 
with benzene would develop the disease since these men are experiencing a 
subtoxic exposure. Experimentally, Reznikoff and Fullarton 3 came to the 
conclusion in their animals that benzol p 2 -oduces a reduction of the total white 
cell count and the appearance of immature granulocytes in the peripheral 
circulation ; granulopenia was inconstant and usually an antemortem phenom- 
enon. They suggested that “the mechanism involved in the action of benzol 
on the white blood cells is different from that in granulopenia.” Dameshek 10 
stressed the fact that benzene poisoning destroyed the entire bone marrow 
causing a severe anemia, a leucopenia, and a decrease in the number of platelets; 
while in agranulocytosis only the white blood cell forming tissue is attacked 
with an almost complete disappearance of myelocytes from the bone marrow. 

The following case of agranulocytosis in which large doses of amidopy- 
rine with codeine were given for pain was treated before the possible rela- 
tionship of benzene ring drags and granulopenia was called to our attention. 

•From the Department of Internal Medicine. University of Illinois, College of Medicine. 
Received for publication, July 25, 1934. 
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summary of previous admissions 


Miss H. J; nurse, single, aged twenty-four years, was mination was negative. 

... . l 6 7 - 1930 f ° r t0nS I 5 ! If ToS^ere removed on June 17, 1930, 

No Wood count was taken JJnnalysm was neg - * outatanding thing in postoperative 
uneventful recovery and discharged on June 19 1 7 „ nd glycerin . 

course was complaint of pam m ears, w uc 1 w ho3pita l Mar. 5, 1931, acutely ill, with 

Second Admission.— Patient was adnutt £*• the ^ ^ ^ pu]se m 

complaints of tightness m head anc pain beginning furunculosis; throat 

Some redness in canal of left ear w nch ^rior cervical lymph 

was not markedly injected. A ew en er, p. , Heart rate 120 with soft systolic 

nodes. Lungs presented no ato» ^ ® adrant of abdomen and in left lumbar 

murmur at apex. Tenderness no e Reflexes normal. Past history was negative 

region. Liver, kidneys and spleen not in 1928 . Blood picture: 

except for paracentesis of left ear ton J926 ^ ( ^ gQ of 4 counta ) 1,980; differential 
hemoglobin 11 gm.; red cel s , > > , i«„-ninrf.ea : 22 ner cent immature 


admitted to Research and Educa- 


hemoglobin 11 gm.; red cefls 3,9/O.ouu; leuc0C yte 9 ; 22 per cent immature 

46 per cent lymphocytes, 3- p p ’ u d nly 12 polymorphonuclear leucocytes 

were seen on this smear (immatur )• . or ova . S pi ee n was not palpaWe. 

*• *• ** r: TS7SZZ STSSU r~*.a m «. of wool by thb 

T Z jLa a .ever. immolate rmUrn .hid, mco.it.tta th. lUMb 

citrate method. She suffered taWe she had a severe chill and the temperature 

tion of oxygen while upon tl P t g revealed a slightly distended abdomen 

rose to 101° later m Tlie bard palate was wrinkled and gray look 

and the liver was palpable for 1 ^ ^ point sked wMte excavation at the center, 

ing. A pink papule, 8 ^ J 3 rig ht tonsillar fossa. Bleeding points were, noted 

— - n ' 6M - 10 “ 

1° per cent the patient suffered from nausea and vomiting, with an icteric 

Bellowing the transfusion tj> ^ grQgs and oceult blood . Brine showed 

tint noted m 2+ . Four days posttransfusion there was evidence of a delayed 

occult blood , nitrogen retention (the nonprotein nitrogen rose to a high of 195). 

reaction with "’^Iml and casts. Fecal vomiting occurred on March 17. The Wood 
10 ^continued high following tiie transfusion, ranging from 30,000 down to 11,500 with 
!°' differential ranging from 85 per cent to 90 per cent polymorphonuclear leucocytes, and 
8 ner cent to 15^ cent lymphocytes. There was a gradual lowering of the nonprotem 
nitrogen and general improvement in the physical condition. She left the hospital on April 

6 ’ Third Admission.— Patient was admitted with complaints of chills, fever, generalized 
ac hin g and severe headache on Dee. 21, 1932. Physical examination was essentially negative. 
There 1 were, no palpable glands. Temperature was 101°, and pulse 120. Blood picture: 

0 lobin 15 gm. ; red cells 5,000,000; white cells 1,720; differential count showed 22 
pm cent polymorphonuclear leucocytes, 60 per cent lymphocytes, 16 per cent monocytes, and 
1 cr cent eosinophiles. Two day3 later the count had increased to 2,250 with a differential 
showing 23 per cent polymorphonuclear leucocytes, 70 per cent lymphocytes, and 7 per cent 
monocytes. She was temperature-free on December 24 and was discharged. 

Fourth Admission. — Patient was admitted on Feb. 14, 1933 with a history of pain in 
left car for six months; and food disagreements. She had not felt well since previous ad- 
mission in December, 1932. There was a history of ear trouble since age of seven; paracentesis 
in 1926 with pus draining for ten days (left ear). She had had aching pain over the left 
mastoid area. Roentgen plates showed normal left mastoid. Blood picture on admission: 
hemoglobin 14 gm.; red count 4,900,000; white count 4,100; differential showed 30 per cent 
polymorphonuclear leucocytes, 45 per cent lymphocytes, 19 per cent monocytes, 3 per cent 
eosinophiles, and unclassified 1 per cent. Highest temperature was SO-S’. Discharged on 
Feb. IS, 1933. 
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Fifth Admission . — Patient was admitted July 10, 1933 complaining of soreness in upper 
jaw, sore throat, aching in bones and muscles, and intermittent earache. Sho stated that 
she had been quite well until July G, 1933 when she began to have soreness in the upper jaw, 
apparently in the teeth and tin associated bilateral earache which was severe enough to prevent 
her from sleeping. Sore throat appeared on July 8, 1933, yet she continued on floor duty. 
On July 9, after a sleepless night during which her temperature was 101°, she vomited and 
was unable to work. Generalized body pain appeared on July 10. Physical examination 
revealed a young woman, in a good- state of nutrition, who was tossing restlessly in bed, 
apparently quite ill. No mastoid tenderness was noted. Gums were coated at tooth margins 
with a white friable material which was easily removed. Pharynx was glazed and injected 
with irregular granules scattered throughout the posterior pharyngeal wall. Submaxillary, 
sublingual, and anterior cervical lymph nodes were palpable. Axillary glands were enlarged 
and tender. Lungs showed normal expansion; a few scattered rales were heard posteriorly 
near the angles of scapulas. Heart borders were within normal limits. A systolic murmur 
was present at the apex. The liver, spleen and kidneys were not palpable. Temperature 
was 101°; hemoglobin 9.5 gin.; red cells, 4,110,000; white cells 3,550. Smear showed 25 
lymphocytes (see Table I). 

The patient was placed on yellow bone marrow, GO gr. t. i. d., liver extract orally and 
intramuscularly, aspirin and pyramidon, or codeine and pyrumidon for relief of pain (see 
Table I). Her general condition remained unchanged. The white count dropped to 2,850, 
the smear showing 1 per cent polymorphonuclear leucocytes, 79 per cent lymphocytes, and 13 
per cent monocytes. The aching became more generalized and on July 15 her condition was 
not improved. She complained of pain in both cars. Otoscopie examination revealed no 
pathology. The gums still showed white friable material. There was a grayish sloughing area 
in the left lower jaw on the inner side. The white count was 2,350 with 5 per cent 
polymorphonuclear leucocytes, 88 per cent lymphocytes, and 2 per cent monocytes. The count 
did not materially inereaso in total white cells but polymorphonuclear leucocytes appeared, 
21 per cent, and lymphocytes dropped to 67 per cent. During this time pyramidon was in- 
cluded in the medication in amounts varying from 20 to 50 gr. daily'. A marked swelling 
appeared on the left side of the face accompanied by severe pain and the total count dropped 
to 1,700 showing a total percentage of 24 for polymorphonuclear leucocytes and 70 for 
lymphocytes. Only 51 cells could be counted on the smear. Intravenous glucose was in- 
stituted on July IS; swallowing was very painful due to the sloughing area in the jaw, 
which later extended down into the pharynx. The total count began to rise with the appear- 
ance of the slough. At a count of 2,800, the polymorphonuclear leucocytes constituted 71 
per cent, lymphocytes 29 per cent of the blood picture. Nucleotide was withheld, owing to the 
improvement in the blood picture. 

The improvement was continuous; the necrotic areas in the pharynx disappeared; 
the total count was low at first but began to rise, while polymorphonuclear leucocytes and 
lymphocytes occupied their normal proportions in the differential counts. She was discharged 
on July 27, 1933 with the advice to continue the yellow bone marrow and liver extract. 

COMMENT 

That this is a ease of recurring granulopenia and not one of aleucemic 
lymphadenosis or aplastic anemia is shown by the selective disappearance of 
the granulocytes. The lymphocytes were always present in normal or in- 
creased numbers. In the lowest white count on July 17, 1933, of 1,700 there 
were 1,166 lymphocytes which is but little below the normal lymphocyte 
level. Most of the counts when analyzed show an actual increase in lympho- 
cytes, as on July 15, 1933, when the total white count was 2,350 and the num- 
ber of lymphocytes was 2,188. No abnormal forms of lymphocytes were seen 
on any of the smears. The hemoglobin was moderately reduced but the red 
blood count was normal throughout. 
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The only treatment the patient received during her first attack in 1931 
was a 500 e.c. blood transfusion and smail amounts of aspirin and pyramidon 
for pain. There is no doubt that the severe reaction (elevation of nonprotein 
nitrogen, etc.) was directly due to the transfusion. In the second attack 
(third admission) the patient showed a leucopenia with a moderate granulo- 
penia, generalized pains, and temperature elevation. During her fourth ad- 
mission in 1933 (Peb. 14 to Feb. 18), only one blood count is recorded, which, 
however, showed that she was in a neutropenic phase at this time. 

In her severe attack in 1933 (fifth admission) the complete picture of 
agranulocytosis (fever, generalized pains, ulceration of mouth, leucopenia, 
granulopenia) manifested itself. The total white count was 2,550 on admis- 
sion. On examination of one smear no granulocytes were found and only 25 
lymphocytes. The following day the differential showed 8 per cent neutro- 
philes. A few of these were immature forms. From July 12 to July 14, 1933, 
there was a persistent leucopenia and neutropenia (only one neutroplvile was 
seen on the blood smears). On July 15, 1933, and the days that folloAVed, 
despite the progressive leucopenia, there was a gradual increase in the per- 
centage of neutrophiles. On July 17, 1933, the day of the lowest total white 
count recorded (1,700), the differential smear showed 12 neutrophiles out of a 
total of 51 cells counted, or 24 per cent. Beginning on July 18, 1933, and 
until her discharge from the hospital on July 27, 1933, there was a gradual 
increase in the total white count and a progressive increase in the percentage 
of polymorphonuclear leucocytes. She left the hospital with a normal blood 
picture. The treatment consisted of yellow bone marrow by mouth, liver 
extract orally and parenterally. During the few days in which s'wallowing 
was difficult, 5 per cent glucose in buffer solution was administered by vein. 

This nurse states that she has taken 15 to 20 gr. of amidopyrine, with or 
without aspirin, each week for the last four years, and in the fourth attack 
(fifth admission), which is summarized in Table I, it will be noted that the 
patient received a total of 370 gr. of amidopyrine. It should be further noted 
that the granulocytes reappeared, increased in number, and raised the total 
leucocyte count in spite of the daily administration of this drug. Since her 
recovery the patient has been given amidopyrine in 15 gr. doses without pro- 
ducing any change in her white count or differential. The patch test with 
amidopyrine on the arm was negative. 

Kt acke and Parker 1 state that “in the clinical or experimental develop- 
ment of granulopenia it is necessary to presuppose the existence of a previ- 
ously weakened, damaged or idiosyncratic bone marrow which may be congenital 
or acquired. In this patient if we assume that an inferior or weakened bone 
marrow is present, these large doses of amidopyrine did not depress granulo- 
cytosis. 


Plie question naturally arises as to whether the amidopyrine is to be re- 
garded as an agent showing general toxicity to bone marrow or one to which 
a patient may become specifically susceptible and from which a selective toxic 
action on the bone marrow may arise. The failure of the drug to depress 
granulocytosis ra this case would point to the latter view 
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SUMMARY 

1. A case of recurring granulopenia is reported in which there were re- 
coveries from four attacks. In all four there was a granulopenia and in three 
a leucopenia. 

2. An analysis of the differential blood counts shows that the case was 
one of granulopenia and differentiates it from an aleucemie lymphadenosis 
and an aplastic anemia. 

3. Recovery from the first attack followed a blood transfusion which was 
associated with a severe immediate and delayed reaction. Keeovery from the 
second and third attacks occurred spontaneously. Recovery from the fourth 
attack occuvred after the administration of yellow bone marrow and liver ex- 
tract (by mouth and parenterally). 

4. In the fourth attack large doses of amidopyrine (a total of 370 gr.) 
were administered during the malignant phase and were continued into the re- 
covery phase, showing that it was not possible to depress the granulocytosis 
by the administration of doses of amidopyrine of this size. 

5. Since recovery from the last attack. 15 gr. doses of amidopyrine have 
been given without influencing the total or differential white count. 

6. The amidopyrine patch test was negative. 

We wish to thunk Dr. Robert W. Keuton, at whose suggestion this report lms been 
prepared, for the privilege of reporting this ease. 
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ACTION POTENTIALS PROM INTERCOSTAL MUSCLES BEFORE AND 
AFTER UNILATERAL PNEUMECTOMY* 


Frederick M. Anderson, M.D., and Donald B. Lindsley, f Ph.D., 

Boston, Mass. 


T HE importance of afferent impulses from the lungs by way of the vagus 
serves has been stressed since the investigations of liering and Breuer 1 and 
move .recently the work of Partridge, 2 Adrian, 3 and Hammouda and Wilson 4 
has borne this out. Barry 3 emphasized the part played by impulses of visceral 
origin via the sympathetic chains and also those arising in the thoracic walls and 
traveling over the somatic nerves. The influence of these impulses on respira- 
tory movements has been extensively investigated by these and other authors, 
but no one seems to have attempted to differentiate between the two sides of the 
thorax when impulses from one side only are interrupted. 

In two patients at the Massachusetts General Hospital, following total uni- 
lateral pneumectomy for carcinoma of the lung, a persistent, almost complete 
lack of respiratory movement on the operated side was noted. This suggested 
the possible preponderance of a unilateral as opposed to a bilateral influence of 
the pulmonary afferent fibers on the respiratory center and indirectly on the 
extrinsic muscles of respiration. It was decided to study the motor innervation 
of the two sides of the thorax separately in normal cats and again in cats sub- 
jected to total unilateral pneumectomy, thus duplicating the condition of the 
patients except for the complicating neoplasms, adhesions, infection, and stiffen- 
ing of the mediastinum in the latter. 


METHOD 


Cats anesthetized with sodium barbital (0.040-0.045 gm. per kilo in 10 e.e. 
of normal saline injected intraperitoneally) were prepared for the recording of 
action potentials from the external and internal intercostal muscles of the 
thoracic wall. The cats were placed in a supine position and all limbs were 
fastened securely so that the original position of the animal was maintained 
throughout. Flaps comprising the layers of skin and muscle down to the slips 
of origin of the serratus anterior and external oblique were turned back by 
shaip dissection. The slips of serratus anterior and external oblique were left 
in place to pioteet the intercostal muscles from exposure but were undercut to 
allow accurate placing of the needle electrodes. 

The pneumectomies were performed aseptically using intratracheal ether 
and an automatic 1 aspiration pump. An incision was made through the eighth 
intercostal space and the lung removed at the lulus with separate ligation of 
the pul monary artery, vein and bronchus, plus a mass ligature. Silk was used 
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throughout and the operated side was aspirated following closure of the in- 
cision. Recovery was uneventful, and when examined after death the hilus was 
healed over smoothly, and there was no sign of infection or adhesion between 
the mediastinum and the thoracic wall. The later investigations were carried 
out four weeks postoperatively. 

For studying the motor innervation of the intercostal muscles we have made 
use of the single motor unit technic which permits the recording of action po- 
tentials from a group of muscle tillers innervated by a single motor neurone. 
This technic was first successfully used by Adrian and Bronk a and has been 
described more fully by Adrian. 7 The nature of the motor unit has been dis- 
cussed very thoroughly by Eecles and Sherrington 8 and Sherrington. 0 

The electrodes used in this investigation for isolating the response of single 
motor units were of the coaxial type. They consisted of a hollow’ steel hypo- 
dermic needle which served as a ground lead and a fine insulated wire cemented 
into its lumen serving as a grid lead to the amplifier. 

The action potentials were led off to a six-stage, transformer-coupled ampli- 
fier* which drove either a loud speaker for listening to the responses or a Du 
Bois oscillograph for recording them. The electrodes were inserted in the muscle 
mass of one of the thoracic interspaces in such a manner that the shielded side 
of the hypodermic needle tended to reduce the interference by spread of electric 
currents from the heart. Even though such precautions were taken the electric 
response of the heart, which is a frequent intruder in the region of the thorax, 
appears in some of the records. 

When the responses of one or more motor units were heard clearly in the 
loud speaker during a respiratory cycle the output of the amplifier was switched 
to the oscillograph and a record obtained. The reflection of a beam of light from 
the oscillograph mirror w’as photographed upon moving bromide paper by means 
of an electrocardiograph camera. 


RESULTS 

An attempt w T as made to judge the degree of activation of the external 
intercostal muscles by two methods, one, the number of activated units found 
on inserting the electrodes into the muscles of each side at random, two, the 
frequency of the response in single motor units from as nearly corresponding 
locations on the two sides as possible. The external intercostal muscles of the 
third to the seventh interspaces were used for this sampling. 

Normal Gats . — When the coaxial needle electrodes were inserted into the 
external intercostal muscles of the two sides in normal eats no consistent differ- 
ence in the degree of activation could be found. 

The frequency of the response of nearly all the individual motor units 
varied within the range of 6 to 14 per second, with most units responding at a 
frequency of from 8 to 10 per second. Fig. 1 show's a typical record. The 
average frequency of discharge of motor units on the two sides was found to 

•A portable amplifier designed and constructed by E. L. Garceau of the Harvard Medical 
School Electrical Laboratory. 
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be nearly equal. To obtain these averages, the responses from at least two 
motor units in each of three interspaces on each side were recorded during two 
respiratory cycles. 



Fig. X . — A and B, typical action potential records from single motor units of the external 
intercostal muscles of the cat during- inspiration. In A the intruding electrocardiogram is 
Indicated by arrow. C, record of individual motor unit potentials from internal intercostal 
muscles during expiration. Time at bottom of record in 1/50 second intervals. 



muscles during* normal** inspImUon.^f/ 11 and°c m stme U unU 3 ^after^t b) e , xteraal Intercostal 

lively, of carbon dioxide inhalation, showing 0 IncrSled ten - and . thirty seconds, respec- 

clcctrocardtogram is indicated in all records by arrow. Time 5 V3o ”«nTl»tm'alf ^ 
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In order to determine the range of frequency through which any individual 
motor unit might vary, hvperpnea was produced by administering carbon di- 
oxide. Contact was maintained with the same motor unit previous to and during 
the administration of carbon dioxide. It will be noted in Fig. 2 that the fre- 
quencies of t he motor unit responses were normally 9.1 and 9.0 per second, 
respectively. After ten seconds of carbon dioxide inhalation each increased to 
13 per second and after thirty seconds they were 14.9 and 14.0 per second. A 
similar response to inhalation ol' carbon dioxide was noted with other motor 
units. 

In all preparations the internal intercostal motor units were sampled as 
well. We consistently found action potentials in these muscles during expira- 
tion (see Figs. 1 -C and 3), thus confirming Adrian’s 3 finding that expiration is 
at least in part an active process. Although a rhythmic expiratory grouping of 
discharges was the usual finding from internal intercostal motor units, occasion- 
ally units discharging continuously through all phases of the respiratory cycle 
were noted. 

Effects of Unilateral Pncumechmij . — One month after operation studies 
identical with those on the normal control cats were made. No differences ot 
gross activation on the two sides could be detected since motor unit responses 
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Fig. 3. — Action potentials during inspiratory and expiratory discharges, with electrode* 
recording from both external and internal intercostal muscle?, -i. single motor unit response 
from internal intercostal muscle during expiration. /?, responses of two individual units from 
external intercostal muscle during inspiration. (Inspiratory and expiratory movements of chest 
wall were observed and correlated with their respective audible motor unit responses.) Time 
in 1/50 second intervals. 

could be obtained equally well from either side. The average frequencies of re- 
sponse of the individual motor units on the two sides were also found to check 
as closely as did those in the control cats. 

In those records obtained from the operated side a more marked tendency 
toward synchronization of motor unit responses was found. This synchronizing 
tendency was noticed in action potentials which by ear seemed to be from single 
motor units hut which were shown photographically to be made up of several 
units activated almost simultaneously. 

DISCUSSION 

Clinical observation of patients subjected to total unilateral pneumectomy 
indicated a possibility that the withdrawal of the afferent impulses from one 
lung might influence the movements of the ipsilateral extrinsic muscles of 
respiration to a greater degree than the contralateral. 

Since it is generally accepted that the contraction of a. muscle may be graded 
in two ways, i.e., by variation in the number of motor units brought into action 



627 


ANDERSON-LINDSLEY : UNILATERAL PNEU5IECTOMY 

and by changes in the frequency of the impulses activating each individual motor 
unit, we have used these two criteria as a measure of the degree of activity of 
the two sides. 

In both normal and unilaterally pneumectomized cats the number of acti- 
vated intercostal motor units on each side of the thorax appeared to be of a 
similar order. This was gauged entirely by ear while plunging the needle 
electrodes into the muscle and is only roughly quantitative. 

The average frequency of discharge in the individual motor units was also 
determined. These averages were found to vary in both the normal and operated 
animals from 6 to 14 per second, but in each animal a rather close correspond- 
ence was found between the two sides. 

It is, therefore, concluded that interrupting the afferent impulses from one 
lung (i.e. unilateral pneumeetomy) does not produce any gross difference be- 
tween the intercostal activation of the two sides. Small differences may exist 
which our method is not able to detect, for the variation in frequency of the 
motor unit response is of such an order that many more units than were used 
would be required to obtain an accurate average. A further source of error 
might be introduced through conscious or unconscious selection of motor units 
of a standard frequency or duration. This we have attempted to avoid. 

A notation was made above concerning a tendency for synchronization of 
action potentials on the operated side. If the respiratory center were possessed 
of the power for spontaneously omitting rhythmic efferent discharges, as is 
strongly evidenced by the work of Adrian and Buytendijk 10 on the brain stem 
of the goldfish, it might well be supposed that a considerable degree of motor 
cell synchronization would exist. In the intact animal the play of afferent im- 
pulses, especially of those from the lung, impinging on this center or on neurones 
below it would tend to break up this synchronization by influencing the different 
cells to varying degrees. It is possible that, by removing many afferent stimuli 
from one side the impulses initiated by the cells of the respiratory center have 
come nearer to reaching the muscles in their more natural rhythmic form. In 
agreement with this is the work of Dusser de Barenne and Brevee 11 on the 
triceps braehii and other skeletal muscles which showed a tendency toward 
greater regularity of the electromyogram after local narcosis of the sensory 
spinal mechanism had cut off centripetal impulses. 


SUMMARY 

1. It has been demonstrated that the external intercostal muscles of the two 
sides of the thorax in normal cats are activated equally, both in regard to the 
number of units involved and the average frequency of the responses in each. 

2. Similar studios ol the two sides of the thorax in cats subjected to total 
unilateral pneumeetomy have shown that there is no demonstrable difference 
between the two sides in the number of activated units and in their average fre- 
quencies of response. 

3. A tendency toward synchronization of motor unit responses on the 
operated side was noted. 

4. Action potentials recorded from motor units of the internal intercostal 
muscles during expiration indicated that expiration is at least in part an active 
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process. Responses continuing throughout the respiratory cycle were recorded 
occasionally from the internal intercostal motor units. 

The authors wish to express their thanks to Dr. E. D. Churchill, whose clinical observa- 
tion suggested this problem, and to buth him and Dr. ilullowoll Davis for making laboratory 
facilities available. 
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laboratory methods 


THE COMPLEMENT FIXATION IN THE DIAGNOSIS OF 
LYMPHOGRANULOMATOSIS VENEREA* 


Waldemar E. Coutts, M.D., and Tegualda 


Ponce, M.B., 


Santiago, 


Chide 


V VER increasing frequency of different syndromes due to 
L matosis venerea, tlie general nature of the disease and the interest of 
establishing a more practical method of diagnosis than the testing of cutane- 
ous allergy, induced us to study the complement fixation test w all clinical 
conditions attributed, up to the present moment, to this illness. 

Our starting point was the preparation of a specific antigen. Preliminary 
studies to this end, reported and published last year m Medicma Moderna and 
Dermatologische Wochenschrift, had allowed us to establish that aqueous anti- 
gens were to be preferred. _ 

After a period of over seven months’ experience we have arrived at the 
conclusion that the most reliable antigen is one prepared as follows-. 

1. Surgically excised ganglia are finely cut and minced in a sterile mortar 
reducing them to pulp. The ganglia must be from a patient with negative 
Wassermann, Kahn, Mantoux, and Ito von Reenstierna reactions. They must 
not have broken out spontaneously or been previously punctured.. 

2 Polp is mixed per gram with 10 c.c. of a 0,5 pei cent caibolic acid solu- 
tion. ' Mixture is well shaken for half an hour and next centrifuged for from 
ten to twenty minutes. 

' 3. Supernatant liquid is drawn off by means of a pipette and placed m a 
water-bath for one hour at 56° C. 

' Titration of the antigen is made in the presence of highly positive lympho- 


granulomatous sera and following the usual standard practices. 

For performing the reaction we use a small amount of serum, accurate 
titration of the hemolytic system and simplification of the distribution. The 
decrease in the amount of serum as noted in the explanatory chart, does not 
diminish the sensitiveness of the reaction, provided the proper doses of anti- 
gen and complement are used. 



CONTROL 

R. I 

R. II 

R. Ill 

Serum 

0.3 

0.3 

0.3 

0.3 

Complement 

0.2 

0.2 

0.2 

0.4 

N/Salt Solution 

1.3 

0.8 

0.8 

0.6 

Antigen 


0.4 

0.5 

0.6 

Hemolysis 

0.5 

0.5 

0.5 

0.5 

Red B.C. 

0.5 

0.5 

0.5 

0.5 


• From the Laboratory of the Department for Social Hygiene, Chile Public Health Service. 
Received for publication. May 17. 1931. 


629 



630 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


Owing to the frequency of positive syphilis reactions in patients suffer- 
ing from lyinphogranuloinatous syndromes, we have once and again tested 
the antigen in presence of highly positive syphilitic sera. In over one hun- 
dred controls we have never registered a positive reaction, employing dilu- 
tions of % o, Vioo) Y-i 00) and Ver.o of lymphogranulomatous antigen. We have 
also submitted sera of normal children to the test and registered analogous 
results. Up to the present moment we have performed over 300 lymph 
reactions at the request of different specialists. Personally we have been able 
to follow its course in over 30 patients. The survey of data in our possession 
which we condense in Table I will serve to illustrate our conclusions. 

Table I 


Lymph Reaction- (L. R.) 


NAME 

AGE 

YEARS 

SYNDROME 

evolution 

h. it. 

W. R. 

K. R. 

A. M. 


Ing. lymphogr. 

93 days 

4 

- 

- 

J. M. 

33 

Ing. lymphogr. 

150 days 

4 

— 

— 

R. P. 

29 

lug. lymphogr. 

45 days 

4 

T-r 

4 +4 

G.B. 

24 

Ing. lymphogr. 

20 days 

4 

- 


J. V. 

35 

Ing. lymphogr. 

65 days 

+ 



M. N. 

24 

Ing. lymphogr. 

8 days 

- 

- 

— 

J.G. 

22 

Ing. lymphogr. 

20 days 

- 

- 


P. L. 

23 

Ing. lymphogr. 

12 days 

- 

- 

— 

E. P. 

36 

Ing. lymphogr. 

10 days 

- 

- 

“ 

A. C. 

28 

Ing. lymphogr. 

15 days 

- 

4- 

++ 

S. V. 

26 

Esthiomena 

150 days 

++ 

- 

— 

M.C. 

48 

Elepli. pen. and se. 

4 years 

TT + 

- 

- 

L.I. 

22 

Esthiomena 

5 years 

+ 

+++ 

+ T + 

P. N. 

40 

Gen. ano. rectal 

4 years 

4 

- 

- 

G. G. 

24 

Ing. lymphogr. 

30 years 

4 

- 

- 

C. G. 

24 

Ing. lymphogr. 

57 years 

+ 

— 


A. C. 

26 

Ing. lymphogr. 

15 years 


- 

- 

A. C. 

26 

Ing. lymphogr. 

3S years 

4 

- 

- 

A. C. 

26 

Ing. lymphogr. 

71 years 

+ 

- 

- 

J. S. 

19 

lug. lymphogr. 

30 years 

4 

— 

- 

J. S. 

19 

Ing. lymphogr. 

90 years 

+ 

- 


J. S. 

19 

Ing. lymphogr. 

106 years 

+ 

— 

— 

E. I. 

22 

Ing. lymphogr. 

20 years 

- 

+ 

+ + 

E. I. 

22 

Ing. lymphogr. 

26 years 

+ 



L. M. 

25 

Ing. lymphogr. 

13 years 

— 

— 

- 

L. M. 

25 

Ing. lymphogr. 

25 years 

+ 

- 

— 


CONCLUSIONS 

1. Lymph reaction is not prematurely positive; from twenty to twenty- 
five days after the onset of symptoms, there appear the first signs of positivity. 

2. While the process is inactivity the reaction persists positive. 

3. We believe it to be specific for the diagnosis of lymphogranulomatous 
syndromes. 




TECHNIC OF URINALYSIS IN FAT EMBOLISM* 


Clinical and Experimental Study 


Frank J. Jirka, M.D., and Carlo S. Scuderi, M.D., Chicago, III. 


T he authors have been studying the problem of “fat embolism in frac- 
tures” for a number of years. This study has necessitated the examination 
of several hundred urine specimens for the presence of fat in the urine of 
suspected cases. After a period of time, it was found that this apparently 



simple investigative phase of the problem offered an interesting physical 
phenomenon which heretofore has evidently not been sufficiently emphasized, 
and for this reason was investigated by us, at this time. 

lhat fat is excieted by the kidneys into the urine of patients suffering 
from fat embolism, is well known and often spoken of in the literature. But 
unfortunately its detection is difficult because of one very elementary physical 
phenomenon ; the fat floats on the surface of the urine, and therefore is not 
excrete d from the bladder unless the last few cubic centimeters of urine are 

•From the Surgical Service of Cook County Hospital. 

Received for publication, July 21 , 1934. . 


631 


632 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


expressed. For this reason many urines examined which contain fat, appear 
negative because of this simple oversight. 

To prove conclusively this contention, two flasks were used to carry this 
experiment in vitro. The set-up used was as illustrated in Fig. 1. The flask 
above represented the kidney, the one below, the bladder. These were con- 
nected by a rubber tube representing the ureter. A second rubber tube from 
the lower flask represented the urethra. The fluid was permitted to run very 
slowly from the top flask to the lower, and fine droplets of oleic acid were 
injected into the tube close to the top flask, with a hypodermic syringe. In 
this manner we had a visual genitourinary system. 

As one looked into the lower flask, it was noticed that as the fluid ac- 
cumulated in the lower flask, the fat droplets rose to the top. (In both the 
in vitro and clinical experiments, 2 c.e. of oleic acid were used, divided into 
small droplets by simple shaking with water.) 

After the lower flask was filled, the pinch clamp on the rubber tube repre- 
senting the urethra was removed, and the fluid permitted to flow out. The 



Fig-. 2. — Illustrating a Babcock tube as used for butter fat determinations. The uppermost 
dark layer is the centrifuged fat, which can be measured on the graduations. 


entire contents of the flask, with the exception of the last few cubic centi- 
meters of fluid, were absolutely fat free. (The authors have used both urine 
and plain tap water as the fluid in the in vitro experiment, and found the 
physical phenomena the same.) 

In order to prove conclusive]}' what we saw so well demonstrated in vitro, 
the experiment was carried to the human being. With the kind cooperation 
of Dr. P. Nelson of the Urology Department, the pelvis of the kidney was 
injected with 2 c.c. of sterile oleic acid, in cases following retrograde pyelog- 
raphy. Four cases were tried, two males, and two females. 

Two to three hours after the fat injection into the pelvis of the kidney, 
the males were 'instructed to pass the urine into five to seven flasks, excreting 
uot more than two fingers depth in each. In both cases, the last flask con- 
tained all of the oleic acid, while the others were absolutely fat free. 

Due to the difficulty of collecting the divided urine specimens in the 
female, these subjects were . catheterized with glass catheters. In bofh'eases 
the urine flow ceased without evidence of any fat floating in the flasks, but 
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when the patient was compelled to sit up, the oleic acid filled the glass 
catheter, and not another drop of urine was obtained. 

In each case the last portion of urine with the fat was placed in a Bab- 
cock tube, as used for butter fat determination in milk, and centrifuged. Less 
than 0.1 of 1 c.e. was found to be lost in the manipulation of each specimen. 

CONCLUSIONS 

1. Unless the bladder is completely emptied in the sitting or erect posture, 
examination of the urine for fat is worthless. 

2. All of the intraeystie fat will be found in the last few drops of urine, 
due to the physical phenomenon of floatation of fats and oils. 

3. Catheterization of the female is imperative; in the male it is more 
reliable than voluntary micturition. 

4. Direct quantitative readings of the amount of fat present in the urine 
can be easily obtained by placing the specimen in a Babcock tube, and cen- 
trifuging for fifteen minutes. 


A SIMPLE AND ACCURATE METHOD FOR STANDARDIZING THE 
CELL VOLUME PERCENTAGE OF ANY BLOOD 
FOR SEDIMENTATION TEST* 


Huei-lan Chung, M.D., Peiping, China 


A PERUSAL of the literature reveals that there is as yet no standardized 
method of performing the blood sedimentation test. The anticoagulants 
used vary from inorganic salts to biologic products, and these again vary 
from powders to solutions of different concentrations. The sedimentation 
tubes employed vary greatly in their size, height, and shape. The length of 
these tubes varies from about 60 mm. to more than 300 mm., their internal 
diameter from 1 mm. or less to 11.2 mm., their shape from cylindrical to 
rectangular, and their bottom from flat to conical. Furthermore, the methods 
of recording the rate of sedimentation also differ widely. The three principal 
methods for determination of the sedimentation rate today are : (1) the time 
method of Linzenmeier 1 in which the time required for the blood cells to fall 
a certain distance is measured ; (2) distance method of Fahraeus 2 and Wester- 
gren 3 in which the distance the blood cells fall in a given length of time is 
measured; and (3) the graphic method of Cutler 4 in which the dista th '• 
sedimentation of blood cells is measured at frequent interval, 
period of time for construction of sedimentation curves. A<mi 
methods has many modifications. It is evident, therefore” 
for » ml with s " el > widely divergent technics will give results 


•From the Department of Medicine. Peiping- Unio 
Hecelved for publication, .Tuly 3i, 1934, 
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parison. Recently Greisheimer, Treloar, and Evan 5 have attempted to show 
the interrelationship of Cutler, Linzenmeier, and AYestergren sedimentation 
methods, and have provided several tables from which the sedimentation rate 
or index with any two methods may be read off when the value from one 
method is known. How'ever, the value of these tables is very limited as they 
do not provide values for sedimentation times of less than one hour. In other 
words, these tables do not provide values for predictions of markedly increased 
sedimentation index. It appears that the standardization of a generally ac- 
ceptable method for blood sedimentation is highly desirable for hematologic 
studies, and would certainly prove most advantageous for clinical work. 

Rubin and Smith® and particularly Bourke and Flass 7 have shown that 
all other factors being equal, the sedimentation rate bears an inverse propor- 
tion to the volume percentage of the red blood cells; the fewer the red blood 
cells, the faster the sedimentation rate. The influence of variations in cell 
volume percentage on the sedimentation rate has also been pointed out by 
Bonniger and Herrmann, 8 Hubbard and Geiger,® and Gram. 10 The last 
mentioned author and Rourke and Ernstene 11 have constructed charts by 
means of which approximate correction could be made for variations in hemo- 
globin percentage and cell volume percentage. These charts, however, do not 
provide anj r corrections for blood specimens with a hemoglobin percentage 
less than 70 or over 118, nor for blood specimens with a hematocrit value 
lower than 20 or over 55. Recently Walton 12 * 13 has ingeniously utilized the 
percentage and dilution formula of Blaeklock 14 to standardize the number of 
the red blood cells of any given blood specimen before performing the sedi- 
mentation test. AValton’s method undoubtedly constitutes a definite improve- 
men in sedimentation technic. Nevertheless, it is somewhat troublesome, for 
it requires an enumeration of the erythrocytes in conjunction with each sedi- 
mentation test, and in cases with severe anemia it often requires about 10 c.e. 
of blood to obtain a reliable correction. Furthermore. AYalton’s method in- 
volves the use of sodium citrate solution, which is objectionable because it 
dilutes the plasma and thus affects the sedimentation rate. As a result of the 
author’s experience with the difficulties in making corrections for the influence 
of anemia on the sedimentation rate in kala-azar 15 an accurate method, which 
is much simpler than AValton ’s, has been developed. This method is based on 
the fact that the hematocrit is an accurate index of anemia as well as of 
polycythemia. By utilizing a fixed hematocrit value as standard, the con- 
centration of the red blood cells of any blood can be standardized before 
performing the sedimentation. That is to say, the correction for the influence 
of anemia or polycythemia is made before a sedimentation test is performed. 
Such a direct correction is in itself superior to the indirect corrections ob- 
tained by means of reference charts of Gram, 10 and Rourke and Ernstene. 11 
For each sedimentation test the actual amount of the blood required is only 
1 c.c. whether Linzenmeier ’s or AYestergren ’s method is followed. However, 
in order to determine the hematocrit value and to correct the cell volume 
percentage at the same time before performing the sedimentation test, 3 to 
5 c.c. of blood are needed, depending on the severity of the anemia. Usually 
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about 4 or 5 c.c. of blood are withdrawn from a vein. The blood is then 
transferred to a hematocrit tube containing 1 to 2 mg. of heparin, which is 
preferable to inorganic anticoagulants because it does not alter the size of 
the red blood cells nor the concentration of the plasma proteins. (The 
hematocrit tubes used by me consist of pipettes sealed flat at one end. These 
tubes are about 14 cm. in length and have an internal caliber of about 6.5 mm. 
They are carefully calibrated to 0.01 c.c. and each has a graduated capacity 
of 5.0 c.c. Other carefully calibrated tubes with about the same capacity may 
be used.) By repeated inversion of the hematocrit tube about 20 times, the 
blood is well mixed with the heparin and coagulation prevented. It is fre- 
quently necessary to use a small clean glass rod to stir and break up the 
minute clumps of heparin to secure thorough mixing. A portion of the 
heparinized blood may now be transferred to a sedimentation tube by a 
capillary pipette to determine the uncorrected sedimentation rate for com- 
parison with the corrected rate to be ascertained. The remainder of the 
blood in the hematocrit tube is centrifuged at a speed of 3,000 revolutions 
per minute for thirty minutes. This is sufficient to pack the cells to a con- 
stant volume incapable of further reduction. The volume of the cells is now 
read and the hematocrit value calculated. The excessive supernatant fluid 
is then removed, or (as in cases of polycythemia or dehydration) more of the 
patient’s plasma is added with a capillary pipette until the ratio between 
the volume of the plasma and that of the cells is 1 to 1. The hematocrit 
value is 50 when this ratio exists. The blood is then thoroughly remixed by 
inverting the hematocrit tube over and over for ten minutes to ensure even 
distribution of the cells in the plasma. It is now ready for testing the cor- 
rected sedimentation rate regardless of whether the time method, the distance 
method, or the graphic method is used. That such manipulations of blood 
do not affect the sedimentation rate is borne out by the work of liourke, Plass 
and Ernstene, 7 ’ 11 who showed that blood sedimentation is a completely re- 
versible phenomenon under ordinary laboratory conditions including centrifu- 
gation. The author has chosen a hematocrit of 50 as the standard for correc- 
tion of cell volume, because it is a convenient figure and lies within the upper 
limit of normal hematocrit values. 


Four Examples or the Application op the Author's Method op Correction to the 
Erythrocyte Sedimentation' Test 


age 

case Y r. 




DIAGNOSIS 


; Kala-azar 
Microcytic hypo* 
j chromic anemia 
| Aplastic anemia 
rBanti's disease 
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Opinion may differ as to what hematocrit value should be chosen as the 
normal average standard for correction of anemia or polycythemia. The 
following formula will be helpful in calculating the volume of the cells and 
plasma (X) required for a given hematocrit value and a known cell volume 
when any hematocrit value other than 50 is employed for standardization of 
the cell volume: 

Observed packed cell volume Hematocrit value desired v Packed cell volume x 100 

X 100 * Hematocrit valuo desired 

It is only necessary to calculate the value of X and remove the excessive 
plasma until the volume of the ceils and plasma registers the exact value of 
X, the actual amount of the plasma being X minus cell volume. This formula 
holds even in cases of polycythemia, in which all that is necessary is to add 
plasma up to the value X. 

It is realized that in blood with either extreme macrocytosis or micro- 
cytosis the number of the red cells in a given hematocrit may vary con- 
siderably from normal. Under such condition it is true that the above method 
does not take into consideration the number of the red cells when the blood 
is converted to a fixed hematocrit value. One must remember, however, that 
in any given specimen of blood, there are three variable factors among others 
that may influence the sedimentation, namely, the number, the size, and the 
hemoglobin content of the red blood cells. For instunce, in two specimens of 
blood both having a hematocrit value of 20, the number of the erythrocytes 
and the amount of hemoglobin per unit volume of blood may vary consider- 
ably. Similarly the number of the erythrocytes as well as the cell volume 
percentage of two specimens of blood both having a hemoglobin of 8 grams 
per 100 c.c. of blood, for example, may be quite different. It is also obvious 
that in two specimens of blood both having the same erythrocyte counts, say 
2) millions of red blood cells per c. mm., the cell volume percentage and the 
hemoglobin may not be the same. Hence the hematocrit value, the hemo- 
globin, and the number of the erythrocytes of a specimen of blood cannot be 
standardized simultaneously for a sedimentation test. In order to control 
these three factors at the same time one may have to do three sedimentation 
tests on each specimen of blood, for example, a first test after the blood has 
been standardized to a hematocrit of 50 volume per cent,' a second test after 
the blood has been standardized to a red cell count of 5 millions per cubic 
millimeter, and a third test after the blood has been standardized to a hemo- 
globin of 15 grams per 100 c.c. This, however, is time consuming, and not 
practicable in clinical work. 

I have found that Linzenmeier’s' tubes are satisfactory for sedimentation 
tests both by the time method and by the distance method. These tubes are 
6.5 cm. in length and 5 mm. in internal diameter with a capacity of a little 
over 1.0 c.c. They are marked at the 1.0 c.c. level and at a point 18 mm. 
below it. Tlieir bottoms are concave and they hold a column of blood measur- 
ing 52 mm. from the bottom up to the 1.0 c.c. mark. The time required for 
the sedimentation of 18 mm., i.e., the time required for the appearance, of a 
column of clear plasma measuring 18 mm. from the 1.0 c.c. mark, is recorded 



CHUNG; STANDARDIZED METHOD OP PERFORMING SEDIMENTATION TEST 637 

as the sedimentation time in minutes, and the distance of sedimentation or 
the length of the clear plasma column* at the end of one hour is noted as 
sedimentation distance in millimeters. Other suitable tubes may be used. 

That the method here given for obtaining a corrected sedimentation rate 
has a much wider application than the method of Gram 10 and that of Rourke 
and Ernstene 11 can better be appreciated from a few specific examples. The 
results of the four illustrative cases summarized in Table I demonstrate the 
usefulness and the advantage of the method. Prom this table it is clear that 
the anemia in each of the four eases influences the sedimentation rate sig- 
nificantly, and that in order to be of value the rate must be corrected. But 
in all these eases neither the method of Gram nor that of Rourke and Ernstene 
is applicable because the hemoglobin and the hematocrit values are so low 
that they are beyond the correction range of the charts prepared by these 
authors. By the technic here described, however*, a corrected rate can be 
easily obtained for each case. Now suppose we are dealing with a case of 
polycythemia with a red cell count of 7.5 millions per cubic millimeter, a 
hemoglobin content of 22 grams per 100 e.c., or 150 per cent, and a hematocrit 
value of 70. Here again the sedimentation rate must be corrected in order 
to be of value, but a correction is possible neither with the chart of Gram 
nor with that of Rourke and Ernstene as these charts do not provide correc- 
tions for specimens of blood with a hemoglobin above 118 per cent or with 
a hematocrit over 55 volume per cent. A correction, however, can be easily 
obtained by my technic. 

SUMMARY 

A simple and accurate method for standardizing the cell volume percent- 
age of blood for erythrocyte sedimentation test is described. 
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VALUE OP H AND O AGGLUTINATION TECHNIC IN 
ROUTINE WIDAL EXAMINATIONS* 


Rosemary Boi.e. A.B., ,M.A., Columbus, Ohio 


IN THE last few years interest has increased in a change in agglutination 
technic for the diagnosis of enteric fever growing out of Felix’s 1 theory' 
of qualitative receptor analysis. This theory is based on observations made 
some years earlier by Smith and Reaglr on flagellar and somatic agglutina- 
tion of the hog cholera bacillus. Felix claims that antigens of the proteus, 
typhoid and paratyphoid group of organisms are not homogeneous but con- 
sist of two separate parts; the stable, somatic or O antigen, identified with 
the body of the organism, and tiie labile, flagellar or II antigen, identified with 
the flagella, each giving rise to a corresponding agglutinin. 

Whether one accepts Felix’s theory of a multiple antigen or together 
with Craigie 3 and others, questions the existence of two distinct fractions, is 
quite aside from the easily demonstrated fact that organisms of the enteric 
group show two dissimilar types of agglutination. Immune sera produced 
by inoculation of motile strains of the enteric organisms develop two variously 
acting agglutinins; one the large-flaking II agglutinins which act upon the 
flagella to produce a rapid agglutination in fluffy masses, and the small-flak- 
ing O agglutinins which act upon the somata to produce agglutination slowly 
in compact granules, dislodged with difficulty' from the bottom of the tube. 
The nonmotile strains, lacking flagella, produce only' O agglutinins. 

In respect to the ty'phoids and paratyphoids, the large-flaking H agglu- 
tinins indicate the specific infecting organism. O agglutinins are nonspecific 
and represent the group factor. Felix's view is that the latter indicate re- 
sponse to infection and show close relationship to the course of the disease, 
the H agglutinins being negligible in this respect. Triple typhoid vaccina- 
tion develops H agglutinins in high dilution. These may persist for years 
with gradual decline in titer. Felix 4 and also Stuart and Erikorian- failed 
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to demonstrate 0 agglutinins following vaccination but others report them 
in low dilution. An attack of enteric fever usually results in the production 
of both types, 0 often appearing early in the disease. In a proportion of 
cases only 0 agglutinins may be demonstrated. Felix 1 states that it is rare 
to find only II agglutinins throughout the entire course, of infection. Non- 
enteric febrile diseases following vaccination, or a previous typhoid attack, 
may give rise to an anamnestic reaction; a nonspecific restimulation of H 
agglutinins exclusively (Felix 1 ). 

Arguing from the observed facts Felix 1 made .the following claims : 

1. The Widal reaction resulting from vaccination and that due to enteric 
fever can be readily distinguished on the basis of type of agglutination 
observed. 

2. If prophylactic vaccination or a previous enteric infection can be 
excluded, the diagnosis of typhoid is ensured by the appearance of large- 
flaking agglutinins. 

3. Among inoculated persons showing only II agglutinins for typhoid 
and the paratyphoids, and in the entire absence of small-flaking agglutinins, 
the disease can be diagnosed as nontyphoid. 

4. Among inoculated persons showing both II and 0 agglutinins, a diag- 
nosis of enteric infection, type undetermined can be made, this based on the 
presence of 0 agglutinins, since in inoculated individuals the type specificity 
of H agglutinins is no longer applicable. 

In England and on the Continent a procedure designed to demonstrate 
both II and 0 agglutinins has been used for a number of years. It is only 
recently in this country that the practical value of a more inclusive technic 
has been investigated. The work of the New York State 6 ' 7 and Michigan 
Departments of Health 8 is notable and the present survey of the Coordination 
Committee on Standard Methods of the American Public Health Association, 
also the contributions of Dulaney et al. 9 ’ 10 


Our own interest in the need for a change in the time-honored Widal 
set-up dates back several years when a marked discrepancy was noted in 
two types of Widal test as carried out by us. In routine procedure all sera 
received were examined in hanging drop prepax-ation (dilution 1:40) using 
a live broth culture of typhoid bacilli. Sera giving positive or atypical re- 
sults were titrated macroscopically (dilutions 1:20—1:320) against the cus- 
tomary antigen; a phenol or tri-cresol killed typhoid suspension. A fair 
proportion of sera giving positive results with the live culture were com- 
pletely negative in macroscopic test. This discrepancy is easily explained 
on the basis of II and 0 agglutination. A live motile culture against suitable 
sera reveals both II and 0 agglutinins. It is recognized, however that a 
phenolized or formolized antigen is not adequate for the demonstr’ation of 
0 agglutinins (Felix and Olitzki”). Therefore, given a serum containing onlv 
0 agglutinins, the result is negative with the preserved suspension, although 
the same serum xs positive against the living organism or an antigen designed 
to demonstrate 0 agglutinins. ° 
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Following this observation, the value of a more inclusive technic for 
routine use was investigated. The present paper is an analysis of 250 sera, 
positive microscopically, which were subsequently titrated against both H 
and 0 antigens, and on which it was possible to obtain clinical diagnosis and 
vaccination history. 

Antigens . — Many laboratories find it impractical for a variety of reasons 
to use live organisms for agglutination purposes, therefore it lias been com- 
mon practice to adopt a phenolized or formolized suspension for Widal tests. 
As has been pointed out, this type of antigen indicates only II agglutinins. 
The suppression of 0 may be due, according to Felix and Olitzki, 11 to their 
impairment by formalin, or as in Craigie's 3 view, the bodies of the organisms 
may be kept apart mechanically by the formalin hardened flagella, thus pre- 
venting somatic agglutination. For both II and 0 readings a second antigen 
must be included. This double set-up is preferable to a single antigen of 
live motile organisms. In our opinion, except for hanging drop technic, a 
live suspension is unsatisfactory rather than impractical. We have found 
that a formolized suspension gives a more clear-cut II reading than the live 
culture, probably due to the hardening effect of formalin on flagella. In 
addition Felix has pointed out the difficulty of making II and 0 readings in 
the same tube. 

For the present work II antigens for typhoid, paratyphoid A and para- 
typhoid B were prepared according to the method of the Medical Research 
Council, London, England, 12 which calls for veal broth formolized suspensions 
of selected motile strains. For pure 0 antigen the alcohol method of Bien 
and Sontag 13 was followed, using Felix’s nonmotile strain, typhoid 901. 0 
antigen may also be made by this method from the motile organism since alco- 
hol destroys the flagella, resulting in a pure somatic product. 

Experimental . — This laboratory has found it a reasonably safe procedure, 
when dealing with large numbers of sera routinely, to eliminate negative 
specimens by preliminary microscopic test, with small risk of missing an occa- 
sional positive which might not appear in 1 :40 dilution. In proof of this, 100 
sera, negative microscopically, were titrated maeroscopieally using II and 0 
antigens. The results were completely negative. On this basis all sera re- 
ceived for Widal test were examined in hanging drop preparation (dilution 
1 :40) against a motile typhoid culture, maintained for many years by daily 
broth transfer. Two hundred fifty sera giving complete or partial agglutina- 
tion in this way were titrated against three H antigens; typhoid, paratyphoid 
A and paratyphoid B and typhoid O (dilutions 1:20 — 1:320). Five-tenths 
cubic centimeter quantities of sera and antigens were set up using a four- 
hour incubation period in the water-batli at 52° C. — 55° C. followed by 37° C. 
overnight. H readings were made at the four-hour period; O readings after 
37° C. incubation. Agglutination was read to the limit of visibility with the 
naked eye. 

Table I gives the classification of these sera on the basis of clinical diag- 
nosis and vaccination history. They are arranged in four groups: typhoid 
cases, vaccinated and unvaeeinated, nontyphoid or undetermined cases, vac- 
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ciliated and unvaccinated. Tables II through V record the type of agglutina- 
tion in the four groups listed above. Table VI is a summary of the foregoing 
and shows the percentage distribution of the various types of agglutination 
for each group. The curves in Chart 1 express the same results. 

Table I 

Clinical Diagnosis and Vaccination History 


TYPHOID 

VACCINATED 

NONVACCINATED 

205 

I 10 

195 

NONTYPHOID OR UNDE- 

l 


TERMINED 



45 

i 28 

17 


Table II 

Typhoid Cases Ngnvaccinated 



h K 2 ri w The , n S j0rit f (6 ° pei ' eem) 0f typlloid patie * ts unvaceinated 
showed both H and 0 agglutinins at the time of test. Although the tables 

are not planned to indicate the degree of agglutination at each titer in most 
instates as the higher dilutions were approached, II agglutination was more 
complete than 0. Among the 117 typhoid patients developing both H and 0 
agglutinins, 44 per cent gave higher titer for H than 0, 24 per cent showed 
a higher 0 titer than H, and in 30 per cent the titer was the same for belli 
" a «udy of 32 ! typhoid sera Dulaney 10 found 33 per 

Z a r 0 31 per “ nl 

same titer tor U and 0. One serum developed neither a"<dutinin The 
predominance of l., s i,er 0 titers in Dulaney's series is probaMy Zto “e 
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fact that she used a longer incubation period al 52° C., twenty-four hours. In 
our series a proportion of sera gave only II (11.7 per cent) or only 0 (24 per 
cent) agglutinins. It is recognized that 0 agglutinins develop early in the course 
of infection. Later tests doubtless would have revealed the specific II anti- 
body in some instances. However, if a technic using only a formolized or 
phenolized H antigen had been followed, the laboratory result of necessity 
would have been negative. With but one opportunity to present a report, 
the error would have been considerable. A small percentage (3.5) of sera 
developed II agglutinins for all three types. Misinformation as to vaccina- 
tion history is a possible explanation here, although Felix 4 notes an occasional 
nonvaecinated case showing multiple II agglutinins. The one serum giving 
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T¥PB OF AGGLUTINATION 

Chart 1. — Agglutination types in four classes of sera. 


O agglutination and paratyphoid B in the specific II type suggests paratyphoid 
infection although the organism was not isolated. 

Table III: The .number of patients in the typhoid vaccinated group 
is small. As is to be expected, a proportion (40 per cent) gave all four types 
of agglutination. Since vaccination complicates the serologic picture, the 
laboratory diagnosis would be limited to a statement of enteric infection of 
undetermined type, this on the basis of 0 agglutination. 

Tables TV and IV A: In the nontyplioid nonvaecinated group many com- 
binations of the agglutination picture are found. In most instances the pa- 
tient's history helps to give an explanation of the results. Table IYA is a 
detailed record of the 17 sera included in this group. Natural agglutinins 
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Table III 


Typhoid Cases, Vaccinated 



may explain those of very low titer. In addition there are doubtless typhoid 
eases unrecognized clinically. Nos. 1 and 3 well may be of this class. Previ- 
ous typhoid history accounts for the results in at least two (Nos. 5 and 13). 
Of interest are the four sera giving agglutination results with Brucella abortus 
(Nos. 7, 10, 11, 12) three of. which are definitely diagnosed as undulant fever, 
and serum No. 16 in which the Wassermann and Kahn are positive. There 
are repeated records in the literature to indicate that many nonrelated infec- 
tions may stimulate the production of typhoid agglutinins. Gilbert and 
Coleman 14 record the results on 150 undulant fever cases. A pi’oportion of 
these with no history of vaccination or enteric infection gave definite typhoid 


Table IV 

Nontyphoid or Undetermined Cases Nonvaccinated 


NUMBER OP 
SPECIMENS 

TYPE OP AG- 
GLUTINATION 

titer 

20 

40 


160 

320 

5 

H+ 

0+ 

A- 

B- 

1 

1 

2 

1 

1 

3 

1 

3 

H- 

0+ 

A- 

B- 

1 

1 


1 


4 

— — 5 — — 1 

h+ 

0- 

A- 

B- 


1 

, 

| 

2 

1 1 


11+ 

0+ 

A+ 

B+ 

I 

o 

1 

1 

I 

i 

i 

1 

3 

H+ 

0- 

A+ 

B+ 


i 

i 

I 

o 

1 

1 

•> 

17 

Total 































644 


THE JOURNAL OF LABORATORY AN'D CLINICAL MEDICINE 


agglutination. The possibility of inaccurate vaccination history is a consid- 
eration in at least three cases (Cases 14, 15, 17). Case 14 is a nurse who 
has doubtless been vaccinated. Cases 15 and 17 are men of military age who 
may have had war service and therefore triple typhoid vaccination. 

Table IVA 

Nontyphoid or Undetermined Cases Nonvaccinated 


NUM- 

BER 


TYPE OF AGGLUTINATION’ 

CLINICAL 

DIAGNOSIS 

remarks 

»V.UL 

TYPHOID H 

TYPHOID O 

PARA A 

PARA B 

i 

It. S. 

S^SSIE 


- 

- 

Mixed infee- 

Exposure to mala- 







tion 

ria 

2 

M.D. 


4+ 1: 80 

- 

- 

Influenza 


3 

Jj. J. 

+44+ 1:320 

4+4+ 1:320 

- 

- 

Ethmoid cell 

Temp. 103, white 







infection. 

count 4,300 

4 

Mrs. B. 

BIIHhl • * 

44* 1 i 40 

- 

- 

Influenza 


5 

J. C. 


+ 1: SO 

- 

- 

Typhoid 

Typhoid 2 years 







carrier 

ago 

6 

E. B. 

- 

4+ 1: 40 

- 

- 

Persistent 








low fever 


7 

D. A. 

- 

+4+ 1:160 

- 

— 

Cystitis 

Agg. with Sr. 








Abortus 1:40 

8 

A.H. 

- 

4+ 1: 20 

- 


Influenza 


9 

J. H. 


- 

- 

- 

Perineal ab- 








sc ess 


10 

A. J . 


- 

- 

- 

Undulant 

Agg. with Sr. 







fever 

Abortus +1:2560 

11 

C.G. 

++-H* 1 1 32C 

- 

- 


Undulant 

Agg. with Sr. 







fever 

Abortus +1:40 

12 

It. II. 



- 

_ 

Undulant 

Agg. with Sr. 







fever 

Abortus +1:2560 

13 

Mrs. T. 

+4+ 1: SO 

4 1: 20 

4+ 1:100 


Question- 

History of typhoid 







able 

in cliildhood 

14 

D. S. 



4+ 1: 80 


Question- 

A nurse 







able 


15 

L. R. 


~ 

+4+ 1: SC 

H i j- 1 40 

Empvcma 

Male 








Age 49 

16 

Li. B. 

444+ 1:320 


4+ 1:320 


Pyelitis 

Wassermann 4 + 






! 


Kahn +4 4 + 

17 

M. E. 


- 

+4+ 1: 40 


Uiuleter- 

Male 






1 

mined 

Age 40 


Table V: H agglutinins predominate in the nontyphoid vaccinated groups; 
64.2 per cent showed the H type only, usually for typhoid, paratyphoid A and 
paratyphoid B, since triple typhoid vaccination is common; 35.7 per cent de- 
veloped 0 agglutinins also but in no case did the 0 titer exceed 1:80. Both 
Gardner 15 and Dulaney 3 report a higher titer than this in vaccinated patients. 
However, all workers are agreed that the 0 titer following vaccination does 
not reach the levels developed by an attack of enteric fever. 

Relation of Agglutination Results to Positive Blood Culture . — Of the 250 
specimens under consideration, blood cultures were made on 118. After cen- 
trifuging, the clots were cultured overnight in peptone bile and streaked on 
Endo plates the following day. Typhoid bacilli were isolated in 29 or 24.9 
per cent. Although these specimens are submitted primarily for serologic 
test and often do not reach the laboratory in ideal condition for culture, there 
is very evident value in including a blood culture as part of the diagnostic 
technic on specimens intended for Widal test. Table VII lists the positive 
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Lportiou of positive cultures where the sera showed 0 agglutinin only. 
Lise are doubtless early eases. It is known that 0 agglutinins appear early 
in the disease and positive cultural findings are also associated with til 
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Table VII 

Agglutination Types Associated With Positive Blood Culture (IS. Typhosus) 


NUMBER 


O 

6 

7 

S 

9 

10 

11 

12 

13 

11 

15 

16 
17 
IS 

19 

20 
21 
22 
23 
21 

25 

26 

27 

28 


29 


TYPE OP AGGLUTINATION AND TITER 


TYPHOID II 


1-320 
1- SO 
1- SO 
1 - 20 
1-160 
1-320 
1-320 
1- 10 
1- 80 
1-160 
1-320 
1-160 
1 - 10 
1- 80 
1-320 
1- 80 


1-320 


1- 80 


TYPHOID O 


1-160 
1 - 10 
1- so 
1-160 
1 - 10 
1-320 
1-320 

1- so 
1 - 10 
1 - 10 
1-320 
1-160 
1-160 
1- SO 


1 - 10 
1 - 20 
1 - 20 
1-320 
1-320 
1 - 10 
1 - 80 
1 - 10 
1- SO 
1-160 
1 - 10 
1-320 


1 - 10 


PAIIA A 


PAHA B 


1-320 


1 - 10 


1-320 


1 - 10 


REMARKS 


Third week of illness 


Seventh day of illness 

Fourteenth day of illness 
Vaccinated S wk. pre- 
viously 
No vaccine 


period. Aside from indicating the importance of including a blood culture 
with the serologic test, these results emphasize the value of O technic in routine 
procedure and its diagnostic importance even in very low titer, particularly 
so when vaccination can be excluded. Bight of the eleven specimens giving 
positive blood culture and showing O agglutinins only, developed a titer of 
1 :80 or under. In two the titer limit was 1 :20. 

DISCUSSION 

In a laboratory receiving Widal specimens from a wide geographic area, 
it usually happens that but one blood sample is received throughout the 
course of illness. Information concerning clinical diagnosis, time of onset and 
vaccination history invariably is meager if given at all. Follow-up informa- 
tion or additional specimens are difficult to obtain. This gives no opportunity 
to apply Dreyer’s technic to trace the fluctuation of agglutinins, a method 
claimed to have diagnostic value. Under these conditions it is essential that 
some method of laboratory diagnosis be adopted which will give the greatest 
amount of information both to the doctor and the laboratory. We feel that 
this can be accomplished by eliminating negative sera by microscopic test and 
titrating all other specimens against H antigens for typhoid, paratyphoid A 
and paratyphoid B and typhoid O. • In addition, the clot should be cultured. 
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In this way it is possible, within limits, to differentiate vaccination cases f i om 
those of enteric fever and to make serologic diagnosis at any stage of the 
disease at which agglutinins of whatever type are developed. 

For diagnostic purposes Felix suggests a single dilution of 1 :100 or 1 :200 
against H and 0 antigens as adequate procedure in the majority of instances. 
In discussing 0 agglutinins Gardner sets an 0 titer of about 1 :200 as probably 
diagnostic of infection regardless of vaccination. Dulaney suggests 1 :500 to 
1 -.1000 as strong indication of specific disease. These figures doubtless vary 
somewhat with the sensitiveness of the antigen and other conditions of the 
test. In our opinion serial titration with all four antigens is essential when 
but one test can be made. A range from 1 :20 through 1:320 is sufficient^ 
wide for most sera. It is probably sufficiently high to exclude nonspecific 0 
agglutinins and the low titers will indicate very early cases which might 
escape detection with but one mean dilution. If all three H antigens are 
used, it is unnecessary to extend the H titration to the end-point, since mul- 
tiple H agglutination in reasonable titer usually is an indication of vaccination. 


SUMMARY 

H and 0 agglutination results are presented on 250 sera submitted for 
Widal examination, and the results of blood culture on the same specimens 
are given in a proportion of these. By the use of multiple antigens it is 
possible, within limits, to distinguish vaccination eases from those of enteric 
infection. The majority of nonvaecinated typhoid cases develop both H and 
0 agglutinins. Either type may be present alone. Triple typhoid vaccination 
stimulates the production of H agglutinins in high titer ; 0 agglutinins may 
be present but in comparatively low dilution. 

Based on these results a routine Widal procedure is suggested for lab- 
oratories handling large numbers of sera and having but one opportunity of 
testing a given specimen. By this method negative sera are eliminated in 
microscopic test with a live typhoid culture. The remainder are titrated 
against formolized H antigens (typhoid, paratyphoid A, and paratyphoid B) 
and alcoholized typhoid 0. A dilution series from 1 :20 through 1 :320 usually 
is adequate to rule out nonspecific 0 agglutinins and to indicate very early 
cases. Blood culture is recommended on the same specimen used for serologic 
test. 


Acknowledgment is given to Calvin Kersell, Assistant Serologist, for valuable service in 
preparing antigens, and setting up many hundreds of tests from which those under discussion 
were selected. 


REFERENCES 

u ^^immunofrnnfm-n Kccept0r Aualysis in Its Application to Tyhoid Fever, J. 

;■ sue*- - 

IS™;,,! “?«-“<!». of p,; 'i “■ J. 

•1. Felix, A.: On the Non-Specific Stimulation of Agglutinins With e, 

the Enteric levers and Typhus Fever, J. Hvg 03 . Slcoal inference to 

5. Stuart, G., and Krikorian, K. S - Serological rw,™ "• W, 

of Qualitative Ileeeptor Analysis, J. ilyg. by tho Metllod 



648 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


6. Gilbert, B., and Coleman, M. B.: Agglutination in the Diagnosis of Enteric Disease, Am, 

J. Pub. Health 23: 093, 1933. 

7. Gilbert, B., Coleman, M. B., and Laviano, A. B.: A Study of the Granular and Floccular 

Types of Agglutination With B. Typhosus, J. Lab. & Cun. Med. 19: 225, 1933. 

8. Elderiug, G., and Larkum, N. W.: Antigens in the Widal Test, Am. J. Pub. Health 21: 

1370, 1931. 

9. Dulaney, A. D., Wilke, W. T., Stewart, B. L., Bayfield, J. D., Walker, J. K., Jr., and 

Preacher, A. B.: II and O Agglutination Hollowing Typhoid Vaccination and in an 
Unsolected Group of Individuals, J. Immunol. 24: 229, 1933. 

10. Dulaney, A. D., and Wilke, W. T.: H ami O Agglutination in Typhoid Pevcr, Other 

Febrile Diseases, and in Vaccination, J. Immunol. 24: 235, 1933. 

11. Felix, A., and Olitzki, L.: The Use of Preserved Bacterial Suspensions for the Agglutina- 

tion Test, J. Hyg. 28: 55, 192S. 

12. Medical Besearcli Council: The Laboratory Diagnosis of Acute Intestinal Lrfections, In- 

cluding the Principles and Practice of the Agglutination Test, Special Bcport 
Series No. 51. 

13. Bien, Z., and Sontag, F.: Herstellung eines haltbaren Fleckfieberdiagnostikums, Munchen. 

med. Wchnschr. 64: 1409, 1917. 

14. Gilbert, B., and Coleman, M. B.: Agglutination of Typhoid Bacilli in Serums of Patients 

Having Unrelated Infections, J. Infect. Dis. 46: 311, 1930. 

15. Gardner, A. D.: The Small-Flaking or “O” Agglutination of Permanent Standardized 

“O” Suspensions of B. Typhosus by the Serums of Normal, Inoculated and Infected 
Persons, J. Hyg. 28: 370, 1929. 


DETERMINATION AND RECOGNITION OF LEAD IN BIOLOGIC 

TISSUES AND FLUIDS* 


C. N. Myers, Ph.D., Sc.D., Florence Gustafson, M.A., and 
Binford Throne, M.D., New York, N. Y. 


jTNURING the past decade the clinician lias been confronted with many 
problems in the diagnosis of obscure symptoms and complexes. The 
problem of accurate diagnoses has been made more difficult on account of these 
complex factors associated with modern changes in our daily existence and 
environment. It is scarcely necessary to call attention to the daily visits of 
many thousands of patients who return from their professional visit with un- 
certain minds as to the causative factors concerned with their disturbed 
metabolism. Many neurologic symptoms associated with brain physiology 
and the associated involuntary nervous system, many problems of internal 
character associated with the “so-called” retieulo-endothelial system, as well 
as dermatologic lesions hitherto unexplained, have x’ecently been associated 
with the intake of metals and their resultant pathology. Such clinical syn- 
dromes as dermatitis, endarteritis, Raynaud’s disease, various muscular dys- 
trophies and atrophies, and particularly retieulo-endothelial dysfunctions, 
have been directly associated with this metallic retention. 

Time and space will permit only a brief reference to some of our previous 
studies. It has been emphasized by us that in our present mode of living in- 
gestion and contact absorption of heavy metals constitutes a sei’ious pxxblic 
health hazard. It is our belief that these stxidies first called attention to a 
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third type of toxemia which has been designated as the “ subchrome stage' 
which is associated with the cumulative action of small amounts of metal. 
This syndrome may require many weeks or even years before the serious 
character of this cumulative action manifests itself. The small amounts of 
metal accumulate in areas of cell damage. It may be a psoriatic lesion, a 
traumatized area, a diseased liver, locations of disease or any other injured 
part, and, in these, the metals readily accumulate serving as the fulminating 
factor. Our concern has been chiefly with arsenic, lead, nickel, and mercury. 

The common sources of exposure will be described in detail in other ar- 
ticles dealing with the clinical results. The present study will deal with the 
detection of lead in organic material, and a discussion of interfering sub- 
stances. Our clinical problem concerns not the plumbism associated with 
massive doses or contacts yielding acute symptoms, but, on the contrary, it 
is associated with the little known, a slow, subtle, insidious saturation of the 
system by infinitesimal doses extending over a long period of time and pro- 
ducing a group of symptoms altogether different from the recognized forms 
of plumbism. Industrial lead poisoning ranks second in New York state, and 
the place of our “subehronie stage” has yet to be allotted recognition not- 
withstanding its wide prevalence. The results being presented open the way 
to a discussion of the “so-called” normal lead content, and then the relation 
of this retained lead will be discussed in connection with arthralgia and 
neuritis, muscular atrophy, cancer, and dysfunction of the vegetative nervous 
system. 

Many clinicians have found that the manifestations of lead poisoning 
may resemble those which result from other organic diseases and that a dif- 
ferential diagnosis on the basis of their clinical findings alone has been diffi- 
cult. In the study of some of these obscure cases the laboratory has been able 
to furnish the medical profession with additional information. From the 
survey of the literature it has been found that the methods for the quantita- 
tive detection of minute quantities of lead in biologic fluids and tissues are 
few, although criticisms and modifications are found in abundance. However, 
a careful review will show that there is usually some modification of the Fair- 
hall method. It is our purpose here to restrict ourselves purely to the analyti- 
cal study of this lead procedure and its application to biologic material. The 
method as reported in this research will furnish the basis of the data which 
will be used in our future clinical reports. 

Our studies do not include the isolation of minute quantities of lead by 
means of electrochemical, microscopic, or spectrographic methods The pro- 
cedures which have been followed have been based upon Fairhall’s volumetric 
and colorimetric estimations. 

DETERMINATION OP LEAD IN BIOLOGIC MATERIAL 

I. Preparation of Samples . — 

A. Urine: A liter of urine is used whenever possible. The urine must be fresh or 
preserved, preferably, with thymol. It is made ammoniacal by the addition of 50 c e of 
concentrated ammomum hydroxide and allowed to stand overnight. The lead is carried down 
by entrapment m the phosphate precipitate. Most of the supernatant fluid may be siphoned 
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off and the rest of the sample is filtered through 12.5 cm. No. 10 Whatman filter paper. The 
specimen is dried in the oven and is then ready for ashing and extraction. 

B. Blood: Whenever possible, 10 e.e. of oxalated blood are measured into a weighed 
Coors porcelain crucible and dried in the oven. Clot may be used. When the specimen is 
dry it is weighed before ashing to determine dry weight. 

C. I’cces: The sample is placed in a weighed Coors porcelain crucible, dried, and weighed 
beforo ashing. 

D. Spinal Fluid: A measured volume is placed in a crucible, weighed and dried in the 
oven before ashing. 

E. Hair and Hails: Weigh and ash. 

P. Tissue: Dry, weigh and ash. 

II. Ashing and Extraction -. — 

The samples are ashed as completely as possible at red heat over a Bunsen llame. About 
1 c.c. of fuming nitric acid may be added to the urine, feces, and blood samples to complete 
the ashing. This is not necessary with spinal fluid, hair, nails, and tissue. 

Ihe crucibles are cooled and 7 e.e. of 1:2 hydrochloric acid are added. The acid is 
boiled gently in the crucibles, cooled and filtered through 7 cm. No. 10 Whatman filter paper 
into a -50 c.c. Pyrex Erlenmeyer ilask. The crucibles are washed four or five times with 
approximately 5 c.c. of cold, distilled water for each washing. The washings are added to 
the filtrate and the final volume is about 35 c.c. 

llio filtrate is made just alkaline with approximately 5 c.c. of 25 per cent sodium hydrox- 
ide, then just acid with 1:2 hydrochloric acid and 1 c.c. of acid is added in excess. Methyl or- 
ange is used as an indicator. The solution is diluted to about 150 c.c. and hydrogen sulphide is 
passed into the cold solution for thirty minutes. The sample is then allowed to stand over- 
night to insure complete precipitation of lead sulphide. 

The sulphide solution is filtered through 12.5 cm. No. 10 Whatman filter paper. The 
flasks and filters are washed three times. About 15 e.e. of distilled water are used for each 
washing. Pifteen cubic centimeters of hot 1:1 nitric acid are used to dissolve the lead 
sulphide precipitate and this is caught in the precipitation flasks. The filters are washed with 
hot water until the total volume in the flasks is about 50 e.e. This solution is evaporated down 
to about 5 c.c. and transferred quantitatively to a 150 c.c. Pyrex beaker. The total volume 
of solution and washings should be about 50 c.c. Three drops of phenolphthalein are added 
and the sample made just alkaline with 25 per cent sodium hydroxide, just acid with 10 per 
cent acetic acid and 1 c.c. of acid is added in excess. The contents of the beaker are boiled, 
then 1 c.c. of 1 per cent potassium chromate is added and then heated on the water-bath for 
one hour, then allowed to stand overnight. 

The chromate is filtered hot through 7 cm. No. 10 Whatman filter paper, then both 
beaker and filter are washed three tunes, each with hot water using about 10 c.c. for each 
washing. The chromate precipitate Is dissolved off the filter paper with 2 c.c. 1:2 hydrochloric 
acid which is caught in the precipitation beaker. The filter is washed with 10 c.c. of water 
added in small portions. Pive cubic centimeters of 10 per cent potassium iodide are added to 
each sample and after three minutes they are titrated with 0.005 N sodium thiosulphate, using 
starch as an indicator. One cubic centimeter of 0.005 N sodium thiosulphate equals 0.3151 mg. 
lead. A microburette used for the titration is graduated in 1/100 c.c. graduation. The 10 per 
cent potassium iodide solution is made up fresh each time. The sodium thiosulphate solution 
is made up fresh each time from a stock solution of 0.1 N thiosulphate. The keeping and 
standardization of the stock solution of sodium thiosulphate may be found in any good quanti- 
tative analysis book. 

The method outlined can be used for the determination of lead in various 
kinds of biologic material. The accuracy of this method of analysis was tested 
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by the addition of known amounts of lead to the different biologic fluids and 
tissues. The amount of lead recovered and the error of determination will be 
found iu Tables I, II, and III. 

In analyzing the results of the tables it will be noted that the error is 
more or less constant. The error is not proportional to the quantity of lead 
determined, and it is felt that it is largely an error of end point. In a review 
of the literature it was found that Fairhall, in his analyses, observed this same 
condition. In our earlier work on lead it was found that by using a burette 
graduated to 0.1 e.e. divisions, a much larger error due to titration was intro- 
duced. In our present work a microburette graduated to 0.01 c.c. divisions 
is used. 

In Table II will be found the results obtained by several of our laboratory 
workers. Even these results do not warrant the criticism that is found in the 
literature. The greatest errors in this particular study were found when 
0.5 mg. of lead was added to the biologic specimen to be analyzed. In passing, 
it should be said that this method may be used by various workers in the 

Table I 

Recovery or Read in Biologic Materials 
Volumetric Method 


MATERIAL 

amount 

'c.c. 

LEAD ADDED 

MG. 

LEAD FOUND 

MG. 

ERROR 

Urine* 

800 

800 

800 

800 

550 

800 

800 

500 

800 

800 

800 

800 

800 

800 

800 

800 

800 

800 

800 

800 

0.05 

0.05 

0.05 

0.10 

0.10 

0.10 

0.10 

0.15 

0.15 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.25 

0.30 

0.046 

0.065 

0.058 

0.103 

0.095 

0.108 

0.085 

0.173 

0.145 

0.195 

0.213 

0.208 

0.182 

0.196 

0.191 

0.205 

0.2001 

0.101 

0.235 

0.336 

-0.004 

4-0.015 
+0.008 
+0.003 
-0.005 
+0.008 
-0.015 
-0.022 
- 0.005 
-0.005 
+0.013 
+0.008 
-0.01S 
-0.004 
-0.009 
+0.005 
+0.0001 
-0.009 
-i 0.015 

40.036 


average error ± 0.001 


Blood 

10 

10 

10 

10 

10 

10 

0 

0.05 

0.05 

0.10 

0.10 

0.15 

0 

0.48 

0.495 

0.116 

0.083 

0.143 

g— 

-0.002 
- 0.005 
+0.016 
-0.017 
-0.0O7 


AVERAGE ERROR + 0.003 

Spinal fluid 

u 

5 

O 

0.05 

0.05 

0.05 

°-041 -0.009 

0.041 -0.009 

0.043 -0.007 


AVERAGE ERROR - 0.008 


•me amount or Had found repri 
<n ttio composite wimple of urine. 

The buret Uhevt in these iktenuln; 


tlw total Iea <l recovered minus the load 
" ,IS sraUuated In 0,01 c,c. divisions. 


present 
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laboratory and tbe results are very much in accordance with each other. 
This fact alone is of great importance because so many methods, which are 
reported, seem to be carried out successfully only by the person or persons 
who originally worked on the method. 


Table II 

Recovery or Lead in- Urine* 
Volumetric Method 


LEAD ADDED 
MO. 

LEAD FOUND 

MO. 

ERROR 

LEAD ADDED 
MG. 

LEAD FOUND 

MO. 

ERROR 

0.10 

■Hi EHH 

+ 0.01 

0.25 


- 0.04 

0.10 

99' 

0 

0.25 


- 0.05 

0.10 

IS' 


0.25 


- 0.06 

0.10 

uSSi iMv 


0.25 


- 0.06 

0.10 

0.07 


0.25 

0.19 

- 0.06 

0.10 

0.11 


0.25 


- 0.06 

0.10 

0.12 

+ 0.02 


' 1 

+ 0.02 

0.125 

0.08 

- 0.045 

■ 


+ 0.02 

0.125 

o.os 

- 0.035 

■ 

0.23 

- 0.02 

0.25 

0.22 

- 0.03 


0.21 

- 0.04 

0.25 

0.21 

- 0.04 

0.25 


- 0.05 

0.25 

0.19 

- 0.06 

0.50 


- 0.11 

0.25 


+ 0.01 

0.50 


- 0.14 

0.25 

mSSm i iWpm 

- 0.01 

0.50 

0.37 

- 0.13 

0.25 

Midi 

+ 0.03 


AlliB 

- 0.11 

0.25 


- 0.03 



- 0.15 

0.25 

0.19 

- 0.06 




0.25 

0.22 

- 0.03 

0.50 

0.42 

- 0.03 

■ 1 

0.26 

+ 0.01 


0.38 

- 0.12 


0.24 

- 0.01 


0.35 

- 0.15 


0.20 

- 0.05 





*500 c.c. of urine used in each determination. Buret used in these titrations was grad- 
uated in 0.1 c.c. divisions. 


In our study of the presence of minute quantities of lead in biologic ma- 
terial, the possible presence of interfering metals was realized and their effect 
investigated. At the present time these complicating substances have been 
added to both fresh and old urine. It was found in this research that copper 
and bismuth are the two metals which cause the greatest interference. 

Table III gives not only the amounts of lead detected in the presence of 
other substances, but, also, additional results showing the amount of lead 
which has been recovered from urine to which known amounts of lead had 
been added. These recoveries also show that the technic of the method is 
improved with constant manipulation, and that these results prove the ac- 
curacy of the Fairhall method when adapted to minute quantities of lead in 
biologic material. 

So many reports in the literature state that the volumetric method, as 
devised by Fairhall, could not detect the minute quantities which would be 
found in biologic material, and suggestions were given for the use of color- 
imetric determinations. It has never been our opinion that the results from 
colorimetric procedures could compare with volumetric, but, nevertheless, to 
convince ourselves in regard to this point in connection with our analytical 
studies of lead these determinations were carried out. The method used is 
essentially the same as described in the first part of this paper up to the point 
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Table III 

Lead in Urine in the Presence of Other Metals 
Volumetric Method 


LEAD ADDED 
MO, 


OTHER METALS ADDED 
MO. 


LEAD FOUND 
MO. 


ERROR 


0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.05 

0.10 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0 . 20 * 

0 . 20 * 

0 . 20 * 

0 . 20 * 

0 . 20 * 

0 . 20 * 

0 . 20 * 

0 . 20 * 


0.05 mg. 
0.10 mg. 
0.15 mg. 
0.20 mg. 
0.25 mg. 
0.30 mg. 
0.50 mg. 
1.00 mg. 

10.00 mg. 

20.00 mg. 

30.00 mg. 


0.20 mg. 
0.25 mg. 
0.30 mg. 
0.50 mg. 
1.00 mg. 

10.00 mg. 

20.00 mg. 

30.00 mg. 

50.00 mg. 

20.00 mg. 
20.00 mg. 
20.00 mg. 

20.00 mg. 

0.05 mg. 
0.05 mg. 
0.10 mg. 
0.10 mg. 
0.15 mg. 
0.15 mg. 
0.20 mg. 
0.20 mg. 

30.00 mg. 

40.00 mg. 

30.00 mg. 
5.00 mg. 

10.00 mg. 
100.00 mg. 

30.00 mg. 
were old and 


Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 


Fe 

Pe 

Pe 

Pe 

Pe 

Pe 

Pe 

Pe 

Pe 

Zn 

Hg 

Ca 

Bi 

Fe 

Cu 

Pc 

Cu 

Pe 

Cu 

Fe 

Cu 

Ca 

Ca 

Za 

Bi 

Bi 

Fe 

Hg 


Cu 


0.2001 
0.2001 
0.188 
0.203 
0.214 
0.215 
0.196 
0.133 
0.176 
0.207 
0.257 

interfered 
0.065 
0.108 
0.191 
0.191 
0.148 
0.2002 
0.207 
0.193 
0.2002 
0.162 
0.2001 
0.2001 
0.210 
0.191 
0.191 
0.205 
0.191 

Bi interfered 
0.191 
0.210 

0.188 

0.217 

0.210 

0.155 

0.145 

0.148 

0.184 

0.114 

Bi interfered 
0.213 
0.174 


no preservative had be^TISdS7 


+0.0001 

+0.0001 

- 0.012 

+0.003 

+0.014 

+0.015 

-0.004 

-0.067 

-0.024 

+0.007 

+0.057 

+0.015 
+0.008 
-0.009 
-0.009 
-0.052 
+0.0002 
+0.007 
-0.007 
+0.0002 
-0.038 
+0.0001 
+0.0001 
+0.010 
- 0.009 
-0.009 
+0.005 
-0.009 

-0.009 

+0.01 

- 0.012 

+0.017 

+0.01 

-0.045 

-0.055 

-0.052 

-0.016 

-0.086 

+0.013 

-0.026 


where all the soluble chromate is removed bv filtrating , , 

ings. The procedure from there on is described in « ,• repeated wasIl ~ 

ciestribea m the following paragraphs: 


Tins residue is then dissolved in 7 c.c. of cold 
precipitation beaker. Tho acid is allowed to rinse - aUd the solu «on caught in 
ferred to a 50 c.c. volumetric flask. The paper nnlVt* 3 ° £ ‘ h ° beaker aad ia then tta 
of cold water which aro also added to the flask Ltit*?* with sev «al porti. 

diphenyl carbazide is added and the volume marl, ! H contains about 40 c .c.; 1 cc 

G ot lead. The standard is prepared in anoU 
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50 c.c. flask by adding 7 e.e. of 1:2 IIC], water up to 10 c.c., 1 e.c. of standard lead chromate 
solution (1 c.c. = 0.1 mg. lead), 1 c.c. of diphenyl carbazide and water up to 50 c.c. The 
unknown and standard are compared in a colorimeter. 

It is important that the standard and the unknown be nearly the same color. This can 
be arranged by varying the amount of standard lead chromate used or by diluting the unknown. 
If the unknown proves to have much loss than 0.1 mg. of lead, another standard should he 
made adding all reagents except the lead chromate and adding that drop by drop until 
the resulting color is similar to that of the unknown. Note the total amount of lead chromate 
solution added. 

If the unknown appears to contain a much larger quantity of lead than 0.1 mg. (as shown 
by the amounts of sulphide and chromate precipitate), the acid solution of the chromate 
may be made up to 50 c.c. with water and an aliquot of that solution diluted again, so that 
the amount of lead in a 50 c.c. volume will be from 0.1 to 0.2 mg. When this is done, more 
acid should be added to tiie Anal dilution to make the total amount equivalent to that in the 
standard. The setting of the standard in the colorimeter varies with the depth of color. 
The standard can be matched against itself at different positions to find which is most suitable. 
The lighter shades are more easily matched. 

The reagent used to develop the color is a 1 per cent solution of S-diphenyl carbazide in 
glacial acetic acid. The standard lead chromate solution was prepared by dissolving 0.1560 
gm. pure lead chromate in 200 c.c. of 10 per cent 1IC1 and diluting to a liter with water. 
1 c.c. = 0.1 mg. lead. This solution may be checked against a. standard potassium dichromate 
solution. The use of the reagent S-diphenyl carbazide may offer a satisfactory solution de- 
termination of lead, but, on account of the impure form in which most of it is obtained, the 
accuracy is open for discussion. The purifaetion of this reagent is a very important factoi 
so far as colorimetric lead methods are concerned. 

Calculation . — 

Reading of Staudard/Reading of Unknown* x Mg. Lead in Standard* = Mg. Lead in 
Sample. 


FAIRHALL METHOD — (ABSTRACT OF ORIGINAL VOLUMETRIC METHOD) 

1. Ashed at below red beat. 

2. Excessive and prolonged beating avoided and ashing accelerated by extracting residue 
with HC1 and hot H,0. Uses tartaric acid plus few drops of HC1 to dissolve remaining residue. 
(Tartaric acid must bo tested for lead.) 

3. Neutralize with NaOH using methyl orange as an indicator and finally adding just 
sufficient HC1 to give a distinct acid reaction. Avoid excess acid since incomplete precipita- 
tion of lead may occur in the following step. 

1. Saturate lead with hydrogen sulphide to precipitate the lead sulphide. After filtering, 
precipitate should be washed with boiled distilled H.O and dissolved in from 2 to 5 c.c. of 
concentrated nitric acid. The solution of lead nitrate is then boiled to expel the hydrogen 
sulphide. It is then neutralized with NaOH and acidified with acetic acid. Excess of potassium 
chromate is added and solution boiled and allowed to stand overnight. The precipitated lead 
chromate should be thoroughly washed with warm water and finally should be washed as com- 
pletely as possible from the filter paper into the flask. The filter paper should be washed 
with 2 to 5 c.c. of 1:1 HC1 followed with warm water to remove last traces of chromic acid. 
The lead chromate readily dissolves in HC1 and the lead may then be estimated by adding an 
excess of potassium iodide and titrating the iodine liberated by the action of the chromic acid 
with 0.005 N sodium thiosulphate. 

Pb (NO,) 2 + K,CrO, = PbCrO, + 2 KNO, 

2PbCrO, + 16HC1 + OKI = 2PbCI, + 2CrCl, + 6KCI + 31, + SH,0 

6Na,S,Oj + 31, — 6NaI + 3Na,S,O e 


•Diluted to 50 c.c. 
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COLORIMETRIC 

The lead chromate was dissolved in. HC1, 1 e.c. of a solution of S-diphenyl carbazide in 
glacial acetic acid and the whole solution diluted to a given volume and determined colori- 
metrieally. 

Recently, the Department of Agriculture has made a rather extensive study 
of the determination of lead in foods. Their methods have been described and 
it is of particular interest to refer to this development because of the fact that 
there are six methods for the determination of small quantities of lead described. 
These methods are presented in the order of their development and their prac- 
ticability increases with the development. The limiting factors of the electro- 
lytic separation and the iodometrie determination of lead are the magnitude of 
the anode or oxygen “blanks” and the accuracy of the iodometrie titrations. 


DISCUSSION 

The small amount of lead present in biologic materials requires careful 
technic and special precautions so that no contamination will occur. The 
amounts of lead which may he introduced in reagents and apparatus, although 
small, become of importance when compared to the amount of lead actually 
present in biologic material. In all of the work blank determinations on 
reagents and apparatus have been made. In our earlier work a quartz 
crucible was used but because of the great number of determinations which were 
carried out this was abandoned in favor of the Coors porcelain crucible which 
was found to contain no lead. A blank is carried out with each set of deter- 
minations to eliminate any possible contamination from this source. In our 
research the only reagent in which traces of lead were sometimes found was 
the sodium hydroxide. It was found that the -Whatman filter paper was very 
satisfactory and contained no lead when carried through the procedure as 
outlined in the first part of this paper. The usual precautions are taken when 
ashing in regard to excessive heating. Complete drying of specimen before 
ashing is essential. The adjustment of acidity by means of methyl orange 
is carefully carried out because of the danger of a loss of lead in this step of 
the method. The hydrogen sulphide is obtained from the Ohio Chemical Com 
pany. The usual precautions in regard to the preservation of the sodium thio 
sulphate solution are followed. Lead, like other metals, finds certain areas of 
maxniiuiii deposition. Likewise, it is a well established physiological fact that 
the patient who retains metals is the one who shows the most clinical symn 
toms. The optimum condition in every patient is that in which the output 
equal to the intake. It is the metal which circulates through the blood and 
bathes the various tissues which causes the greatest injury-whet her “it 
expressed in terms ot metabolic (lv.sfunrtinn „ , . , 1 ier it is 

Consequently, examination of blood urine and J naillfestations - 

loot .node of ,««*. The era, nine ',”/ U T most 

l )oor .« for a ah, g „o sti e^:r "o ft ** <• * 

photos indicates that thro,..,,,/,.,,,,, „f 1. . d.stabutiot, of phos . 

boaca. The .aaselcs cot.ltti / ,/, , / “ ““ b ° dy is in 

nervous ski,,, live,, t °“ 1 ' of *• 

■ T ""' s producing sufficient evidence 
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of fte makhty to place very much diagnostic value on skin tests tor lead. 

nutl Z ' Z r r01,1 " CCS tlH! C “ kh,m ”> «'» Phosphates. The accuracy 
the u ■ f ec,1 ' omo1 ™ ^ .'-et to he established eve,, though 

humau eeoVomy " ‘° ^ S ““" is »* «'« **«•« * the 

that ° C , T' ySk ““ tl,e meth0<1 oJ “Ships- It is our opinion 

It a low ZZl r °? aS Pr0BC<1 " rC ut sl0,v easeful dry Ling 

the interfering elh?' 111 ‘°"' cver ’ ‘ S an imI,or, “" t item in connection with 

” ,0y oeeasioually play a part in the deter- 

t“i s rn t ,i e^rta i<on \ s i° ^’u 

Msassr, 2. 


Table IV 


Recovery of Lead in Urine by Colorimetric .Method 




LEAD ADDED 
MO. 

lead found 
mo. 

ERROR 

LEAD ADDED 
MG. 

I LEAD FOUND 
MG. 

ERROR 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.04 

0.07 

0.06 

0.06 

0.07 

0.06 

o.os 

0.08 

0.08 

0.09 

0.08 

0.06 

0.07 

0.22 

0.19 

0.18 

0.23 

0.21 

0.20 

0.19 f 

0.22 I 

^^■SjraW|| 

sbEbR wPP 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.5 

0.5 

0.5 

0.5 

0.5 

0.05* 

0.03* 

0.10* 

0.10* 

0.15* 

0.20* 

0.20* 

0.25* 

0.25* 

0.19 

0.17 

0.22 

0.20 

0.23 

0.22 

0.19 

0.39 

0.45 

0.39 

0.45 

0.3S 

0.021 

0.021 

0.064 

0.059 

0.134 

0.16 

0.125 

0.13 

0.202 

-0.06 

-O.OS 

-0.03 

-0.05 

-0.02 

-0.03 

-0.06 

-0.11 

-0.05 

-0.11 

-0.05 

-0.12 

-0.029 

-0.029 

-0.036 

-0.041 

-0.016 

-0.04 

-0.075 

-0.12 

-0.04S 

-ojKicrimnauons carried out by one peiW ~ 




noted that the same amount of lead was added to the specimen of urine. In 
addition, copper, iron, zme, mercury, and bismuth were added in order to dis- 
cover the effect upon the determination. The composite sample of urine gave a 
negative value for contained lead. It is apparent that bismuth and copper 
are substances which interfere most seriously with the method. The recovery 
values m Tables I, II and IV represent the composite efforts of six technicians 
employing the methods used in our laboratory. It is quite apparent that if 
there is an error in reporting the values, it is on the negative side; i.e., the 
values may be too low. The microburettes employed throughout this work 
have been carefully calibrated aud corrections made. All solutions and 
reagents are regularly cheeked for contamination. The colorimetric procedure 
proved inadequate for our needs. The time involved in making up the various 
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SUMMARY 

The previous tables have indicated that the volumetric method for the de- 
tection of minute quantities of lead can be used in examining biologic speci- 
mens The tables clearly indicate the extent and conditions to which this 
method may be employed. The method is applicable m detecting lead m 
amounts varying between 0.02 and above 0.50. The accuracy decreases as the 
larger amounts of lead are found. Tables I and II indicate the range of the 

method described. 
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FRACTIONAL URINE (DIABETIC) CHART* 


David W. Kramer, M.D., Philadelphia, Pa. 


I N MANAGING a case of diabetes, daily supervision of the diet, nrinary find- 
ings, insulin dosage and its administration, weight, blood chemistry, etc., 
is necessary. To facilitate matters, the Joslin diabetic chart was devised, 
thereby permitting one to obtain considerable information without turning over 
numerous treatment sheets and laboratory reports. Recently, the importance of 
frequent urinalysis lias been stressed. While the twenty-four-hour urine speci- 
men no doubt tells exactly how much glucose is being excreted, it does not, 
however, give all the information that is desired. 

In certain cases, such as postoperative diabetics, patients with impending 
coma, or where severe forms of diabetes exist and require immediate stand- 
ardization, there is a necessity for more frequent observations. The ideal 
method would be to have regular periodic analyses of the blood and urine. 
On occasions, there is difficulty either in obtaining the blood or facilities do 
not permit frequent blood tests for sugar. However, there should be no diffi- 
culty in arranging for urinalyses every two hours or whenever a specimen is 
obtainable. In this manner we may learn how the patient tolerates the meals, 
whether or not the insulin administered is sufficient to take care of the added 
load of carbohydrates, and, if there is a “spill over,” where and when it 
occurs. The fractional method of urinalysis can be instituted at the patient’s 
home or in the hospital. Nurses are taught how to test for sugar and are en- 

•Krom the Medical Department of Jefferson Medical College and the Diabetic Clinic of 
Jewish Hospital. 
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couraged to make these examinations, not to send the specimens to the labora- 
tory. The results are to be recorded promptly on the chart so that they are 
available whenever the physician-in-eliarge visits the patient. 

It is not my intention to dilate upon fractional urinalysis, but merely to 
mention briefly its advantages and its practical application. To simplify mat- 
ters and avoid the necessity of keeping' an extra record, the author has ar- 
ranged the fractional urine (diabetic) chart so that all the necessary informa- 
tion can be seen at a glance. There should be no difficulty in keeping these 
records. They are sufficiently complete for practical purposes. 

These records will be found to be particularly useful in standardizing 
young diabetics, early severe cases, impending coma, postoperative diabetics, 
and in patients where there is difficulty in obtaining blood or where blood 
tests cannot be carried out. 

Its advantages are : 

1. Time saving, avoid the necessity of searching through many pages of 
the record. 

2. It gives an opportunity to regulate the dosage of insulin. 

3. It permits us to properly distribute the doses and to administer the 
insulin at periods where it will do the most good. 


A RAPID METHOD FOR THE DEMONSTRATION OF NEGRI BODIES* 


James R. Dawson, Jr., M.D., Nashville, Tenn. 


Q ECAUSE of the familiarity of most pathologists with the various methods 
^ which have been described for the demonstration of Negri bodies in brain 
tissue no space will be devoted to a summary of the literature on this subject. 
So much work has been done and the methods have evolved so gradually that 
it would be impossible to acknowledge all of the contributions which have 
been responsible for the development of the procedure to be described. It 
is thought that this method is deserving of publication because of its simplic- 
ity and practical value. 


The brain of the animal to be examined is taken out as soon after death 
as possible and several small segments of Ammon’s horn are removed and 
placed in a Petri dish., These sections are cut so that they measure 3 or I mm. 
in thickness. The cut surface is of course perpendicular to the loug axis of 
this structure. In removing these segments the tissue adjacent to°the hip- 
pocampal fold should be trimmed off so that the horn alone is saved. Other 
portions of the brain of approximately the same thickness may be used also 
bidmUus laboratory Ammon’s horn has been found most satisfactory because 
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of the abundance of ganglion cells and the regularity with which these cells 
are involved in animals dead of street rabies. 

One of these small segments of Ammon ’s horn is then placed, one of the 
cut ends down, on the smaller end of a new one-inch cork. Using a wooden 
applicator or a match, the superficial white matter, ependyma and other 
peripheral tissues are gently wiped downward and outward over the adjacent 
surface of the cork. This procedure attaches the tissue more firmly to the 
cork, pulls the white matter and ependyma downward and causes the gray 
matter to bulge upward. 



Fig:. 1. — Ganglion ceil with vacuolated Negri body. 



Fig. 2. — Ganglion cell showing nuleus, nucleolus, and at right Negri body. 

A thoroughly cleaned glass slide held at one end by the thumb and fore- 
finger is pressed gently against the segment of the honi and then raised. The 
slide should be held as nearly as possible at right angles to the segment of 
brain. The procedure is repeated 3 or i times on each slide starting at the 
end of the slide away from the fingers. This should be done rapidly so that 
the tissue does not dry. The slide is immersed quickly in absolute methyl 
alcohol where it is allowed to remain for five minutes or longer. Several slides 
are prepared in this fashion. It is necessary to increase the pressure slightly 
for each successive slide. It is advisable also to wipe the white matter down 
on the cork again if several slides are to be made. It is absolutely essential 
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that the slides be clean and entirely free from grease and dirt. If this pre- 
caution is not observed the preparations will be quite poor or worthless. 

After fixation in alcohol the slides are rinsed in running water and stained 
with a 2 per cent aqueous solution of phloxine for two to five minutes. The 
excess stain is washed oft* in running water and the preparation is then 
stained in Loeffter’s alkaline methylene blue for ten to twenty seconds. For 
the sake of convenience and safety the slide is handled with a pair of intestinal 
clamps. The slide is then decolorized in 80 per cent alcohol, dehydrated by 
passing through 95 per cent alcohol and two changes of absolute alcohol, 
cleared in xylol and mounted in balsam. In this laboratory wide mouth, glass 
stoppered bottles are used as containers for the alcohols and xylol. The slide 
held in the blades of the intestinal forceps is then passed from one to the 
other. This not only facilitates the manipulation of the slide but reduces the 
danger of contaminating the hands. 

During this procedure the film will appear brilliant pink after staining 
with the phloxine. Then after staining in methylene blue it appears dark 



Fig. 3. — Higher power showing Negri body with inner structures in vacuoles. 

blue or bluish black. The preparation should be left in the alcohol for several 
minutes, and should he decolorized until only the faintest tinge of blue and 
pink is seen when the slide is held against a white background. There is 
very little danger of carrying the deeolorization too far. The longer they 
are allowed to remain in alcohol the more brilliant the blue becomes. For this 
reason it is advisable to overstain the film with phloxine and methylene blue 
so that the process of deeolorization and dehydration will not have to be 
rushed. If the staining times indicated are observed the films will be slightly 
overstained. 

Examination of the finished slide with the naked eye against a white 
background will reveal a thin bluish line which is composed of ganglion cells 
There is of course quite a bit of distortion of normal relationships hut one 
will be surprised to see how well they are preserved. When examined under 
the microscope the pyramidal cells are easily distinguishable from the cells of 
the stratum oriens and glial cells. In satisfactorily prepared films the cyto- 
plasm of the pyramidal cells and their processes are well preserved. They 
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stain a clear bright blue. The nucleus is also well preserved. Its chromatic 
material stains pale blue. The nucleoli are large, dense and bluish black. If 
the decolonization is incomplete these portions stain purple rather than blue 
and appear muddy rather than clear. It is certain that the cells are more 
easily studied in those preparations in which the cytoplasm is a bright, clear 
blue. The degree of decolonization of those elements which take the phloxine 
is of considerable importance. It is possible to remove all the stain from the 
red cells and still leave the Negri bodies deeply stained. However, it is also 
possible to destain the Negri bodies completely. Before one has become en- 
tirely familiar with the method, it is best to decolorize the films until the red 
blood cells stain pale pink. In such preparations the Negri bodies are easily 
distinguishable. 

In these preparations the smaller Negri bodies stain brilliant red and 
appear homogeneous and refractile. The larger bodies have a brownish tint. 
Within them one sees well-defined pale bluish vacuoles and dense blue black 
granules. The reddish brown matrix of the larger bodies also appears re- 
fractile. In satisfactory preparations it is quite easy to show that these bodies 
are definitely intracytoplasmie. Of course in most preparations many of the 
Negri bodies are not in the cytoplasm. However, even in such cases they can 
be differentiated or identified with some certainty. 

With a little practice it is possible to prepare and stain the films so that 
the red cells are hardly visible while the Negri bodies stain bright red or 
reddish brown. Even under low power they can be recognized with some 
certainty because of their sharpness and refraetivity. The stain which the 
Negri bodies take is of course dependent upon the length of staining and 
degree of decolonization. If they are not slightly overstained and allowed 
to remain in the alcohols for quite a while it may be impossible to make out 
their inner structure. Even then little difficulty is encountered in identifying 
them. Of course for careful study of the bodies it is important that their 
inner structures be property stained and differentiated. 

In this laboratory it has been observed that if Negri bodies can be found in 
Zenker’s fixed paraffin sections stained by the carbolaniline-fuchsin-methylene 
blue method of Goodpasture or any other stains they can also be observed in 
preparations of the type described in this paper. 

In some instances it has been found that the Negri bodies are more obvious 
in the film preparation than in fixed sections. It is certainty true that they 
are more easily demonstrable by this method than they are in rapid paraffin 
sections of fixed brain tissue. 

This method is not suggested as a substitute for the routine section 
methods of fixation and staining. At the time tissues are taken for film prepa- 
rations, blocks are also fixed in Zenker’s solution and run through so that in 
case no Negri bodies are found in the former they may be searched for in 
the latter. It is believed that Negri bodies can be demonstrated in film prepa- 
rations of Ammon’s horn of animals dying of street rabies if it is possible to 
demonstrate them by any other method. The method just described, melud- 
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ing the microscopic examination, may be completed in twenty-five minutes 
from the time the incision is made in the scalp to remove the brain until the 
diagnosis is made. 

CONCLUSIONS 

1. A rapid and satisfactory modification of the impression method for 
diagnosis of rabies is described, with a staining technic employing phloxine. 

2. It is judged that this method is practically as accurate as the routine 
tissue section methods. 
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acidified solution is extracted with chloroform and to the neutralized chloroform extract 
a dilute solution of methylene blue is added. If dinitrophenol or a similar compound is 
present, the chloroform extract will become green. 

The methods follow: 

Urine . — In a separating funnel a volume of urine (20 c.c., if available) is acidified 
with one-tenth of a volume of 70 per cent sulphuric acid. It is then extracted by gentle 
shaking for about three minutes with half its volume again of chloroform. If possible, 
permanent emulsions have to be avoided. However, if after some standing sufficient chloroform 
does not separate out eleauly, the chloroform has to be separated out by centrifugation. 
Then about 10 c.c. of the chloroform extract are transferred to a test tube containing 
a gramme or so of calcium carbonate. The contents are mixed well and 0.0001 N methylene 
blue, chemically pure (about 0.004 per cent) is added in very small drops. 

The mixture is well shaken after every drop till the first change of color of the 
contents occurs. It is then filtered through a dry filter into another test tube, an equal 
amount of distilled water is added, it is shaken well again and the water is removed. 
If the chloroform shows a distinct green color which cannot he extracted by further wash- 
ings with water, a-dinitrophenol is present in the urine. If there is any doubt, some of 
the chloroform extract may be concentrated by evaporation in order to intensify the color. 

If dealing with amounts of dinitrophenol up to one milligram per centum in urine, 
the application of the precautions mentioned will be necessary, because some substance 
present in normal urine in small amounts and extracted by chloroform seems to form 
with an excess of methylene blue a bluish compound, which may easily he misleading. 
Therefore, for the detection an excess of methylene blue has to he avoided. But after 
the presence of dinitrophenol has been established by the typical greenish color of the 
chloroform extract, more methylene blue may be added either to get an approximate 
idea of the amount of the drug present or to perform an actual quantitative estimation 
by the technic which will be described below. Doubtful results with regard to the pres- 
ence or absence of the drug may be compared with those obtained with urine treated simi- 
larly, which are known to contain no dinitrophenol. With amounts above one milligram 
per centum the results are beyond doubt. 

Stood . — Serum acidified with a few drops of sulphuric acid is thoroughly shaken with 
an equal amount of chloroform. Then the mixture is centrifuged and the chloroform ex- 
tract is pipetted off and filtered through a dry filter into a test tube containing some 
calcium, carbonate. Thea 0.0001 JT methylene blue is added in small drops till the mix- 
ture begins to change color. After filtering again, the presence of dinitrophenol is in- 
dicated by a green tint of the chloroform extract. 


Solutions . — A known amount is dissolved in 5 per cent sodium hydroxide. After 
the solution is acidified with 70 per cent sulphuric acid, the dinitrophenol is extracted 
with several lots of chloroform. The combined chloroform extracts are treated with 
calcium carbonate, filtered and made up to a known amount. An aliquot part of the 
chloroform extract is transferred to a separating funnel and 0.0001 N methylene blue is 
added from a buret. The methylene blue combines with the dinitrophenol to the chloro- 
form soluble methylene blue dinitrophenolate. Therefore, on extraction the watery layer 
originally containing the methylene blue turns yellow, while the chloroform takes on a 
green color. The end-point is reached when the watery layer Becomes colorless For 
practical reasons the appearance of the first tint of blue which cannot he extracted with 
fresh chloroform is regarded as the end-point. In other words, when one has reached 
a definite end-pomt, the dark green chloroform must be discarded and the watery layer 
must bo extracted with fresh chloroform. It will then usually be found that the end-point 
has not yet been reached and more methylene blue has to be added, followed by further 
extracuon with fresh chloroform. As already mentioned, the solubility of the methylene 
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described in a previous publication. (The Volumetric Determination of Methylene Blue 
and Picric Acid, Bollinger, A. Prac. Hay. Soe. New South Wales, 67: 210, 1033. Not avail- 
able for abstract.) 

As already mentioned, the test described is not specific for 2:4 dinitrophenol. A simi- 
lar compound is given by 2:4:6 trinitrophcnol (picric acid), and this could be differentiated 
from the dinitro compound by the considerably greater solubility in chloroform. In general 
it seems that all polynitro derivatives of phenol and nnphthol with a nitro group in ortho- 
position to the hydroxyl group form with methylene blue an addition product which dis- 
solves in chloroform with a green color. 

POLIOMYELITIS, Acute, Therapy by Blood Transfusions Prom Immune Donors, Sherman, 

I. Am. J. Dis. Child. 47: 533, 1934. 

Seventy-one cases of acute poliomyelitis in which transfusions from convalescent 
donors were given are reported. 

The results obtained aro compared with those observed after injection of convalescent 
serum and those reported in other statistics during the same epidemic. 

Transfusions from immune donors decreases the mortality, and if given during the 
preparalytie stage decreases the incidence of paralysis. It favorably influences the course 
of the infectious symptoms and is conducive to an almost critical improvement of the 
patient in the majority of cases. 

Transfusion from immune donors appears to be the method of choice in the treatment 
of acute poliomyelitis. 

It is suggested that health authorities or a central bureau provide for registration 
of convalescents in order to have donors available at the time of a new epidemic. 

AGGLUTININS, In Mother’s Blood, Baby’s Blood, Mother's Milk, and Placental Blood, 

Toomey, J. A. Am. J. Dis. Child. 47: 521, 1934. 

The placental blood of human infants contained agglutinins against the onteric group 
of organisms. In the specimens examined the agglutination titer usually did not go 
beyond 1:40, but occasionally it reached 1:80. 

The mother’s first milk and the specimen of blood taken from the infant ten days 
after birth showed a marked and about equal increase in agglutinins as compared with the 
placental blood from the same patient. 

In the specimens examined, the mother’s serum always contained massive agglutinins 
against the enteric group of organisms. 

In the human being, a small amount of agglutinins against enteric organisms passes 
through the placenta. The later acquisition of an increased amount as shown by the 
agglutination titer is probably brought about by absorption from ingested milk. 

EDEMA, Concentration of Serum Protein in Different Types of, Hand, H. M. Arch. Int. 

Med. 54: 215, 1934. 

Normally plasma contains from 6.2 to S gm. of protein per hundred cubic centimeters, 
of which from 3.6 to 5 gm. is albumin and from 2 to 3.5 gm. is globulin. Tho albumin 
globulin quotient is from 1.2 to 2.2. 

Low levels of serum proteins and resulting edema may be found in a variety of 
clinical conditions and may be due to a number of causes such as: (1) insufficient in- 
take of protein due to an inadequate diet: (2) excessive loss of protein due to proteinuria, 
diarrhea or hemorrhage; (3) excessive metabolic wastage or destruction of protein due to 
chronic infections or cachectic states; (4) inadequate formation of proteins or decreased 
assimilation. The various clinical conditions in wdiieh low serum protein levels and edema 
appear owing to one of the aforementioned causes are discussed. 

As the serum protein levels fall, edema usually appears when the protein total 
reaches 5.5, 0.3 gm. per hundred c.c. or when the albumin reaches 2.5, 0.2 gm. These are 
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frequently called the critical levels since they are the levels at which edema usually ap- 
pears and at which the hydropigenous tendency is most easily affected by other factors 
such as the intake of sodium chloride. 

Deficits of serum protein fall principally on the albumin fraction. The globulin frac- 
tion may be normal, decreased, increased slightly as a compensatory effort or increased 
markedly, especially when infection is present. 

The ratio of albumin to globulin is, in itself, probably of little or no importance, 
since an inversion of the ratio due to an increase in the serum globulin has a significance 
entirely different from that of an inversion due to a decrease in the serum albumin. 

The intake of sodium chloride and the electrolytic pattern have an important in- 
fluence in modifying the edema associated with low levels of the serum proteins. 

Low levels of scrum proteins, with resulting edema, are best prevented by adequate 
ingestion of protein. The best treatment is by a. diet high in protein, restriction of sodium 
chloride intake and at times use of acidifying diuretics, transfusions of blood or plasma 
and intravenous administration of acacia. 


GONOCOCCI, New Medium for Isolation of '‘In Vitro,” del Castillo, H., and Herraiz, L. 

Arch, de med., cir. y espec. 37: 710, 1934. 

There are 500 gm. of beef, deprived of aponeurosis and fat, and 20 gm. of caked 
brewers’ yeast in 1,000 gm. of water left in maceration for fifteen hours. These in- 
gredients are then boiled for fifteen minutes and filtered, enough water being added to 
make the original volume. Then 20 gm. of Witte’s peptone and 0.5 gm. of potassium 
chlorate are added. The pH is then feed at 7.6 and the preparation boiled again, but 
only for a short time to precipitate the phosphates, and then filtered again. Agar-agar 
is then added in a proportion of 3.5 per cent; that is, 3.5 parts of agar-agar to 96.5 parts 
of the preparation. The preparation is then sterilized for three successive days for thirty 
minutes at a time in high pressure steam. After it is melted at a temperature of 45“ C., 
rabbit’s or horse’s blood is added in the proportion of 20 per cent; that is, 20 parts of 
blood to 80 parts of the preparation. The medium is then ready to be placed in separate 
sterile receptacles for use. 


PREGNANCY, Histologic Diagnosis of Age of From Percentage of Erythrocytes tn 

Chorionic Capillaries, Ryerson, C. S., and Lanes, S. Arch. Path. 17: 648, 1934. 

Specimens are fixed for sixteen hours in 10 per cent formaldehyde, dehydrated in 
alcohol and chloroform, and paraffin sections (8 microns) stained with H and B. 

The percentage Tatio of nucleated and nonnucleated red cells is determined in from 
100 to 200 red cells in the chorionic capillaries. 

If all the chorionic corpuscles are nucleated, the pregnancy is probably not older than 
two months; if more that 1 per cent are nucleated, the age is less than three months - 
less than 1 per cent of nucleated reds indicates pregnancy more than three months old. 


POLIOMYELITIS, Experimental and Theoretical Basis for Serum Therapy: A Review, 
Hannon, P. H. Am. J. Dis. Child. 47: 1179, 1934. 

An attempt has been made in this review to compile and present in one place the 
experiences of numerous investigators who have treated acute epidemic poliomyelitis, em- 
phasizing results that have been obtained with various types of serums. Reports of 4 400 
cases are analyzed in which the patients were treated with serums and compared with 
these were 2,060 cases in which no such treatment was given, the two series occurring 
coincidentally. Of the treated patients, 2,037 were seen early in the disease, the majority 
Going in the preparalytic stage. It has been pointed out again that evaluation of the 
influence of a therapeutic agent in this disease especially must be a detailed and eomplex 
naiysis, which will include variable factors that have been largely ignored until the past 

cvln tiT' , Th ° f esentation of rcsults sl > ou '’l 6e standardized and extended to include 
rate and extent of recovery of muscular function in the reparative stage since 
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it is not inconceivable that serum or other agents may have an indirect influence even at 
such a remote date. Harmon proposes a standard scheme for the estimation of results 
and has attempted to transfer partially the results of others to the terms of this system. 
The limitations of this presentation are those imposed by the data available. 

Since there is about equal experimental evidenco in favor of all four types of serum 
that have been used, namely, the autistreptococcus horse serum (Kosenow and Nuzum and 
Willy), the antiviral animal serums (Pettit and others) and both convalescent and “nor- 
mal” human serum, only the results that have been actually obtained in clinical trial of 
these serums can settle the question of the supremacy of one type. 

Early diagnosis and treatment have been held as imperative for success in the serum 
treatment of this disease. The uncertainty of the course of the earliest type of poliomyeli- 
tis, the prcparalytic stage, has been responsible for the apparently brilliant results when 
treatment has been applied in this stage. The explanation for apparently favorable re- 
sults when treatment is applied in the preparalytic stage is probably the fact that many 
cases regarded as preparalytic are in reality nonparalytic poliomyelitis. The author has 
collected the statistics on the fate of 531 untreated patients with prcparalytic poliomyeli- 
tis; these show that 3S0 or 71.5 per cent never had paralysis at any time. The outcome 
in patients treated in the preparalytic stage does not differ from the average for un- 
treated patients. Eecent therapeutic experiments in which convalescent serum was given 
to alternate patients by Ivramer and his associates and by Park support the same con- 
tention, showing no difference in the average outcome in treated and untreated patients. 

It has again been pointed out that the nature of the epidemic, the point on the 
epidemic curve when treatment was applied, the age of the patient and the type and 
degree of orthopedic after-care are all factors of extreme importance in estimating the 
effect of any program of treatment. In the past these factors have been frequently 
ignored. 

Notwithstanding the total failure of statistical presentations to favor certain types 
of serums, clinical observations that have been almost universally made of rapid symp- 
tomatic response to the administration of scrum by an immediate drop in temperature and 
marked improvement in symptoms cannot be totally disregarded. All other forms of 
therapy in this disease have been a signal failure, with the possible exception of spinal 
drainage. Chemotherapy, medicinal therapy and artificial fever have all been tried with- 
out benefit. More data are needed before it can be said conclusively that serum of any 
of the four types is totally without value. There appears to be enough evidence from 
clinical observation to warrant the continued use of serums in early stages of acute 
poliomyelitis. 

LEUKOCYTOSIS, After Parenteral Injection of Liver Extract, Meyer, O. O., Middleton, 

W. S., and Thewlis, E. M. Am. J. M. Sc. 188: 40, 1934. 

The parenteral administration of concentrated liver extract (Lederle) was ordinarily 
attended by an early fall in the white cell count aud a constant subsequent leucocytosis 
with increases in total and relative numbers of neutrophils in 4 normal and 3 abnormal 
individuals. 

The maximal leucocyte count was usually attained 3 hours after the intravenous 
injection of the extract and 5 hours or later after the intramuscular injection. After the 
intramuscular injection the rise, though less prompt, was better sustained. 

In a patient with chronic leucopenia there was an increase in leucocytes to a maximum 
of 73 per cent above the control period level. 

In a patient with Banti ’s disease with leucopenia, leucocytosis was produced re- 
peatedly by the parenteral injection of liver extract both before and after splenectomy. 
Also a shift to the left in the Schilling count occurred on the occasion of an intramuscular 
injection before splenectomy. This was two days after the intravenous administration of 
the same extract. 

Leucocytosis also occurred before and after splenectomy in a patient witn familial 
hemolytic icterus. 
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Since leucoeytosis can bo produced by the intramuscular injection of this concen- 
trated liver extract after splenectomy, it would appear that this substance does not pro- 
duce the increase in the leucocytes by inducing splenic contraction, but possibly by a 
stimulation of the bone marrow, directly or indirectly. 

The administration of liver extract to induce an elevation in the white count, at 
least temporarily, is logical. Its efficacy and limitations will be established by a thorough 
clinical trial. 

LIVER JUNCTION, Cinchophen Oxidation Test of, in Pulmonary Tuberculosis, O’Connor, 

j. b., Young, H,, Steidl, J., and Heise, F. H. Am. J. II. Se. 188: 81, 1934. 

Briefly, the cinchophen oxidation test consists in feeding the patient 0.45 gm. of 
cinchophen and determining colorimetrically the output of oxycinchophen in the urine. 
According to Lichtman 100 mg. or less of oxycinchophen are excreted in the urine of 
normal subjects. When an amount in excess of 100 mg. is found in the urine, liver in- 
sufficiency is considered to be present, higher figures indicating greater insufficiency. 

Hepatic insufficiency, as indicated by the cinchophen oxidation test of hepatic cell 
function, occurred in more than 90 per cent of a group of consecutive unselected patients 
with pulmonary tuberculosis admitted to Trudeau Sanatorium. 

TUBERCULOSIS, The Frequency of Tuberculous Bacillemia by Lowenstein’s Method, 

Peterson, W. F., and Lederman, I. H. Am. Rev. Tuberc. 30: 103, 1934. 

The authors summarize the developments of methods for the demonstration of tubercle 
bacilli in the circulating blood and report their own experience with Lowenstein’s method: 

In a series of 74 cases of pulmonary tuberculosis attempts to demonstrate tubercle 
bacilli in the blood stream by cultural methods were completely negative. 

The results of most workers make it apparent that the use of Lowenstein’s method 
is seriously open to question as to efficiency for use in the demonstration of a tuberculous 
bacillemia. 


TUBERCULOSIS, Tuberculous Bacilluria, Montgomery, L. and Allen, R. B. Am. Rev. 
Tuberc. 30: 92, 1934. 


A series of experiments was performed for the purpose of demonstrating if it were- 
possible to bring about passage of acid-fast bacteria through the normal kidney. 

Two experiments were carried out first: in one, guinea pigs were given intravenous 
injections of a heavy suspension of Mycobacterium, avium, and in the other, rabbits were 
similarly given injections of a heavy suspension of Mycobacterium phlei. The urine of 
these animals was collected by catheterization, examined microscopically, and cultured by 
appropriate means for the demonstration of acid-fast bacteria. Front two guinea pigs and 
one rabbit cultures of organisms similar to those injected were obtained from the urine. 

Two further experiments were performed, similar to the first two, except that the 
number of bacteria was doubled in an attempt to obtain more striking results. The re- 
sults were negative in the case of the rabbits, but 82 per cent of the cultures made from 
the guinea pigs were productive of bacterial growth. 


Finally, a fifth experiment was carried out, similar to the two experiments on guinea 
pigs except that the -urine was collected by aspiration of the bladder at necropsy. A 
further change was made by introducing a group of guinea pigs in which Mycobacterium 
phld was used in place of Mycobacterium avium. Positive cultures were not obtained in 
this experiment. Consequently it was considered that the positive results of tho first 
experiments were due to contamination of the urine by blood elements which had been 
liberated through abrasions caused by the introduction of the catheter. 

The authors conclude, therefore, that the normal kidney of the rabbit and the guinea 

u,tJ - re 
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TUBERCULOSIS, The Lymphocyte Reaction in, Wiseman, B. K., and Doan, C. A. Am. 

Rev. Tuberc. 30: 33, 1934. 

In this study au analysis of the qualitative changes occurring in the lymphocyte, 
which the authors believe reflect directly the functional state of the lymphopoietic 
centers, has been applied to disease. For various reasons tuberculosis, in its experimental 
and clinical phases, furnished the best initial test of this hypothesis. 

In the experimental studies it has been possible to follow in a single animal the 
entire natural history of the disease. A varying efficiency in the response of the lymphatic 
tissues from time to time was reflected by the ehauges in the circulating lymphocytes, 
which in turn seemed to represent a very fair measure of the adequacy of the general 
immunological reactions of the animal. A judicious interpretation of both quantitative 
and qualitative data is essential to the fullest understanding, 

A careful selection of patients representative of the various stages of the disease 
has provided a basis for a similar analysis of the lymphatic reaction in clinical tuberculo- 
sis. In these studies the lymphatic response has been far more sensitive, and has preceded 
other evidence of a changed status in the disease more consistently than any other 
criterion thus far used. It may thus be of distinct prognostic significance. 

Additional evidence is furnished in these studies of tho direct part played by tho 
lymphocyte in tho cellular defense of the body agninst tuberculosis. 

It is desirable to have as many criteria as possible in the analysis of any given 
tuberculous case, and even so the frequency of unexpected complications always renders 
prognosis hazardous. In a comparative study of a number of different determinations 
upon which reliance has been placed in the past, something more of their relative merits 
has been ascertained. A to re specifically, the following of tho hemoglobin level, a study 
of the quality, "R” versus “S” colonies, rather than tho quantity of the acid-fast or- 
ganisms present in the sputum from time to time, and the determination of the titer of 
the phosphatide-precipitating capacity of the patient's blood scrum, have yielded much 
valuable information in this study. 

Emphasis, finally, is to be placed upon repeated examinations in the same patient, 
with exquisite technical precision rather than a single casual observation, if the full 
significance of any procedure is to be realized. Tuberculosis ordinarily runs a long chronic 
course with exacerbation and remission and with gradual trends rather than a stationary 
equilibrium. Therefore, a better understanding of the inherent resistance forces, and 
more particularly their full conservation by appropriate adjuvant measures, in the individ- 
ual patient, is essential at tho present time for tho intelligent management of the disease. 

JAUNDICE, Catarrhal, Residual Hepatic Damage in, as Determined by the Bilirubin 

Excretion Test. Arch. Int. Aled. 53: S09, 1934. 

Eleven patients who had had catarrhal jaundice within from three months to eighteen 
years prior to the investigation were studied by means of the bilirubin excretion test for 
evidence of residual hepatic damage. It must be emphasized that the original attack was 
free from such complications as acute yellow atrophy of the liver. Nine of the eleven 
patients showed degrees of retention of tho injected pigment that varied from 10.7 to 50 
per cent. Six of the nine patients had had catarrhal jaundice within from three to 
eighteen years before the investigation. 

The degree of residual hepatic damage apparently bears no relationship to the sever- 
ity of the attack. In view of the response to the test in these cases it is concluded 
that catarrhal jaundice is not innocuous as is commonly believed, since in a good many 
instances an impairment of hepatic function occurs which is permanent. 

METHYLENE BLUE, Intravenous Injection of, in Man With Reference to Its Toxic 

Symptoms and Effect on the Electrocardiogram, Nadler, J. B., Green, H., and Rosen- 
baum, A. Am. J. M. Sc. 188: 15, 1934. 

These observations indicate that methylene blue, under the conditions of this study, 
has two actions. The first of these is the oxidation of hemoglobin to methemoglobin. 
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The amoant of mctliomoglobin found immediately following the injection of the average 
therapeutic dose is small. 

Tho second is that this drug, used intravenously, excites the individual and by its 
rapid elimination into the stomach and urine produces transitory gastrointestinal and 
urinary irritation. The most frequent toxic symptoms observed were restlessness, paresthe- 
sias, a sense of “burning” in the mouth and stomach, a pain in the chest and strangury. 
These manifestations usually subsided in twenty-four to forty-eight hours. Leakage of 
a small amount of methylene blue about the vein gives rise to a very painful infiltration. 

Electrocardiographic studios show that methylene blue produces a reduction in the 
height or even reversal of the T-wave frequently with lowering of the R-wave. This 
suggests depression of tho ventricular musculature. 

The amount of metkemoglobin found and the subsequent decrease in hemoglobin 
is not of sufficient magnitude to account for the clinical picture described on the basis 
of anoxemia. 

The authors therefore wish to point out that the indiscriminate use of methylene 
blue may produce unpleasant results and be dangerous to the patient. 

HYPERTENSION, Malignant, the Histologic Changes in the Kidneys, Cain, E. P. Arch. 

Int. Med. 53: 832, 1934. 

In a group of cases of malignant hypertension the findings on examination of micro- 
scopic sections consisted in diffuse changes involving glomeruli, tubules, arterioles, arteries, 
and interstitial tissue. The most prominent changes occurred in the arterioles; they con- 
sisted in extreme narrowing of the lumen, apparent increase in the numbers of endo- 
thelial cells, subendothelial fatty and hyaline degeneration, apparent thickening of the 
tunica media and an increased amount of connective tissue, chiefly in the tunica adventitia. 
The ratios of the wall to the lumen of the renal arterioles were markedly reduced. The 
kidneys were not markedly or uniformly decreased in size. 

WATER ANALYSIS, Comparison of MacConkey’s Bile-Salt Broth and Doniinick-Lautor 

Broth In Routine, Raghavachari, T. N. S., and Iyer, P. V. S. Indian J. M. Res. 31: 

735, 1934. 

Parallel tests on 72 samples of water, from different sources, have been carried out 
using MacConkey's bile salt lactose broth and Dominick-Lauter methylene blue brom- 
cresol-purple broth respectively as the enrichment and selective media. Comparison in- 
dicates that the MacConkey broth test is more sensitive and reliable. 

Both as a selective medium for tho presumptive positive test for eoli, and as an 
enrichment medium to be followed up by subculture for the study of discrete colonies 
and classification into coli, aerogcncs and intermediates, MacConkey’s broth ( 1.5 per cent 
bile) retains its position as the most satisfactory medium in water bacteriology 

GRANULOMA INGUINALE, Sensitization and. Antibody Production in, Pandalai N. G 
and Nalr, V. G. Indian J. M. Res. 31: 731, 1934. ’ ' 

Employing extracts of tissue obtained from the ulcers of granuloma genitoinguinale 
tho evidence for the occurrence of allergic sensitization of the cells was not unfavorable 
in 25 cases while that for the presence of any specific complement-fixing antibody in the 
blood was negativo in 11 cases. * 
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EDITORIAL 


Dissertation Upon Life in the Laboratory 

(After — quite a long way after — -Ogdon Nash.) 

It seems to me that it would not be at all surprising if pathologists were to 
develop, if such a thing were possible, a number of cerebral calluses 

When you consider how much of their time is spent in the consideration of 
somewhat complicated analuses. 

In fact, it's more or less of an oddity 

That they don’t as a rule dismiss the visitor to the lab. with simply a nod at he 

Instead of having to enter upon a long drawn out and sometimes apparently 
endless discussion, 

Which, strangely enough, seldom leads to signs of cerebral concussion, 

About why, in this particular case which has, of course, been very well worked 
up clinically — (sez you!) — and is without doubt a classical example of 
whatyoumaycallitis, the laboratory findings are so much at variance with 
the clinical diagnosis. 
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So that sometimes the pathologist is led to wonder (silently) if the clinician 
may not be suffering from a slight touch of intellectual astereognosis; 

While at the same time the clinician is thinking that the pathologist, who 
otherwise might have as much personal charm as Aspasia, 

Might not also have some sort of low mental visibility which, if one were 
talking about his walk instead of his talk, might be likened to astasia- 
abasia. 

Yes, indeed, in a manner of speaken, 

It’s a great life — if you don’t weaken ! 

So it’s no wonder if pathologists often have a somewhat harassed appearance 
like one who is confronted with a perpetual riddle, 

Or as a man might look if he spent his life on a sort of an intellectual red-hot 
griddle. 

It would not hurt to expend a little sympathy upon the pathologist for many 
and varied, indeed, are often his woes. 

For one thing, it often seems as if the pile of requisitions never gets any 
smaller but always grows. 


Then there’s the nurse, for example, who thinks it is a good idea to order 
everything ‘ 1 STAT ! ’ ’ 

So that she will be sure to have the report when the doctor comes in — even 
if that won’t be for a week from next Thursday — and then he will be 
much impressed with the fact that she is always on the job and super- 
efficient, at that. 

Not to mention the nurse, usually a graduate on private duty, who rushes in at 
1 P.M. to know what the result was in the blood culture taken at 11 o’clock 
that same morning, 

And thereby causes the sudden addition to the language of some very remark- 
able phrases which, however, all die a-borning. 

But, come to think of it, neither of these has anything on the one who tips 
off the technician that, regardless of what the doctor calls it, she thinks 
it’s pneumonia, 

And, what's more, she has no intention of killing herself on the case for there’s 
no sense in letting them think they own ya ! 

Oh, yes ! The Resident did a blood count during the night and busted a pipette 
and three of the special cover-glasses for the blood counting slide 

Which really ought to be justification for taking it out of his hide 

But what’s the use for it’s quite obvious that he has no intention of ever 
being annoyed with any of these minor matters 

But intends, when he goes into practice to leave such things to his hoi polloi 
fraters, 1 

For, if one can judge from his manner the fact is 

He intends to devote himself entirely to splenectomies or some other hmhlv 
specialized practice. ° v 


Which nay account for Ins not getting much out of Ins laboratory service 
Which he romps through more or less like a bull i n a china «i lnn , 

to make the pathologist somewhat nervous. ° P ’ Wlueh 15 apt 
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Dear me! And wliat can you do with the bottle of urine without any name 
on it or the smear with no requisition to tell you what to stain it for, or 
the small piece of tissue in alcohol labeled “from Mrs. Blockus,” 

Or the man who comes in from the outside with something dried out on a 
small piece of cotton and wants you to make a smear for the gonococcus? 

Of course, it’s a great relief that the Resident who was sent up by the Super- 
intendent to have a blood count because he looks pale and she knows he 
has an anemia, 

Tunis out to have a hemoglobin and red cell count just a little short of poly- 
cythemia. 

Which gives you the strength to refrain from administering a couple of Kayos 

To the fellow who always wants to know why we can’t do it here the way they 
do it at the Mayos ; 

And also to the man who wants the autopsy held over until well after his office 
hours so he can be p I'esent because he is exceedingly interested in the ease, 

And then, after arriving even later than you expected, runs off as if he were 
in a race. 

And — oh, well! As has already been said in a somewhat low manner of 
speaken — 

It sure is a great life — if you don ’t weaken ! 


R. A. K. 
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arthritis and a correlation between the sedimentation rate and the cholesterol 
in a large number of these patients. 


MATERIAL AND .METHODS 

The subjects for this study were obtained from the Arthritis Clinic of the 
New York Post-Graduate Hospital. Only typical cases of rheumatoid or osteo- 
arthritis were selected, the accepted criteria for their differentiation being care- 
fully observed. In all cases, the duration of the disease varied from three months 
to ten years. 

Table I* 


Variations or the Free and Ester Cholesterol and or the Sedimentation Kate in 
Rheumatoid and Osteoarthritis 





PLASMA CHOLESTEROL RANGE 

SEDIMENTA' 

CASE 

AGE RANGE 

SEN 

TOTAL 

ESTERS 

ESTERS 

TION RATE 

NUMBERS 

YU. 


FE- 

MG. PER 

MG. PER 

PER CENT OP 

RANGE 



M Alii. 

MALE 

100 c.c. 

100 c.c. 

TOTAL 

JIM. PER HOUR 

Rheumatoid Arthritis 







1-10 

17-55 

5 

5 

100.Q-153.S 

56.1-107.1 

1S.5-7G.3 

13-16 

11-20 

27-55 

3 

7 

153.S-1S0.3 

71.1-137.9 

16.6-76.8 

G-17 

21-30 

21-55 

3 

7 

1S2.0-220.0 

105.1-112.0 

51.7-72.0 

8-11 

31-33 

32-55 

1 

0 

230.0-302.5 

122.5-17S.5 

51.0-59.0 

11-21 



Average 

39 



175.2 

10G.S 

60.9 

25 

Osteoarthritis 







1-10 

29-60 

0 

10 


85.6-127.5 

15.9-72.6 

5-11 

11-20 

39-01 

3 


193.3-211.3 


50.2-69.1 

0.00 
- *■*- 

21-30 

39-Gl 



216.8-235.8 

10S.1-157.5 

19.2-OS.S 

2-27 

31-10 

11-69 



238.8-216.8 

111.1-158.8 

17.6-61.8 

2-18 

11-50 

32-65 

MW 



11S. 0-189.1 

16.2-75.3 

2-25 

51-59 

12-73 

Kfl 




12.9-63.7 

5-32 

Average 

51 | 


235.1 

110.9 

59.1 

11 


‘The data in the above table have been grouped In order to conserve space. 


Table II 


The Total Cholesterol Content of the Plasma in Normal Subjects and in Patients 
With Arthritis; Statistical Analysis 


GROUP 

NUMBER OF 
OB- 
SERVATIONS 

ARITHMETIC 

MEAN 

MG. PER 
100 C.C. 

STANDARD* 

DEVIATION 

probable t 

ERROR 

OF MEAN 

at 

Normals 

33 

191.7 

29.3 

3.12 

0.0 

Blieumatoid arthritis 

33 

175.2 

39.5 

1.60 

2.27 

Osteoarthritis 

59 

235.1 

15.1 

3.69 

5.20 


•Standard deviation 




(<p) 


N 


Where 2 (d 3 ) represents the summation of the squares of the individual deviations 
from the mean, and N the number of determinations. 


f Probable error of mean = 0.6745^= 

Where a represents the standard deviation, and N the number of determinations. 


t-iL represents the difference between two means divided \>y the standard error of 
the difference. 

The standard error of the difference a D is calculated from the formula 
„ ^ / or 
°D ~ \ jtfi + N 2 

Where d and 02 represent the standard deviations of the two groups and N» and N- 
represent the number of determinations in the two groups. 
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The blood specimens were obtained by venipuncture, usually after break- 
fast. Free and ester cholesterol were determined by the Bloor-Knudson 5 method. 
Occasionally, the total plasma cholesterol was determined by the Sackett G modi- 
fication of the Bloor method. Colorimetric determinations were carried out ac- 
cording to. the temperature control procedure adopted in this laboratory. 7 The 
sedimentation rate was determined by the method of Westergren. 8 In many 
eases, the sedimentation rate and the plasma cholesterol were determined simul- 
taneously; on the other hand, no correlation between cholesterol and sedimenta- 


12 . 

JL 


COHTROL GROUP 
33 SUBJECTS 


_8 

_6_ 

4 

M 


Arithmetic mean 
or control group 


RHEUMATOID ARTHRITIS 
33 CASES 


14 

12 

10 

_6 

4 


OSTEO -ARTHRITIS 
59 CASES 


-EH 


T T 


TOTAL PLASMA CHOLESTEROL img3. per 100 o,o.) 

Fig:. 1.— Frequency curve. The total cholesterol content of the plasma in normal , . 

patients with rheumatoid arthritis and osteoarthritis. 1 subjects and in 

tion rate was attempted if more than thirty days intervened between the individ- 
ual determinations. 

In the present investigation, the plasma cholesterol in subjects with arthritis 
has been compared with cholesterol studies in thirty-three normal subieets all 
determinations being carried out under identical conditions in the same li! 
tory As has been asserted in previous communications from this laboratory ^ 
we believe the cholesterol range m normal subjects to lie between 160 and 230 

hypercliolcsterolemia, figures ^bovc^SO f g8 ° Htive of 
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The formulas used in the statistical analysis of our data are indicated in 
Table II. 

RESULTS 

Table I shows the results obtained in 33 cases of rheumatoid arthritis and 
in 59 cases of osteoarthritis. 

In the rheumatoid group the average age was thirty-nine years; 63 per cent 
of the patients were females. The mean total cholesterol was 175.2x39.5 mg. 
per 100 c.c. of plasma. When these figures were compared with the control 
group (see Table II and Fig. 1), the results indicated that 19 per cent of the 
rheumatoid cases gave normal values, 39 per cent showed hypocholesterolemia, 



PERCENT OF ESTERS OF TOTAL PLASMA CHOLESTEROL 

2. — Frequency curve. The per cent of esters of the total plasma cholesterol in patients with 
rheumatoid arthritis and osteoarthritis. 


and 12 per cent hypercholesterolemia. The esterified cholesterol showed a 
normal relation to the total cholesterol varying from 46.6 per cent to 76.S per 
cent with a mean of 60.9 per cent. No absolute correlation was observed be- 
tween the total plasma cholesterol and the sedimentation rate. 

In the osteoarthritis group the average age was fifty-one years; 90 per cent 
of the patients were females. The mean total cholesterol was 235.4 + 45 mg. 
per 100 c.c. of plasma. Sixty-two per cent of the cases had hypercholesterolemia, 
35 per cent gave normal values, and only 3 per cent showed hypocholesterolemia. 
The cholesterol esters in this group also showed a normal relation to the total 
cholesterol, varying from 42.9 per cent to 75.3 per cent with a mean of 59.4 per 
cent Here again, no definite correlation was observed between the sedimenta- 
tion rate and the total blood cholesterol. 
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Table II presents a statistical analysis obtained in the three groups of sub- 
jects. This analysis is included in the present study to show that the results 
derived from this investigation are at least suggestive. The arithmetic means 
and the standard deviations indicate the trend, the plasma cholesterol tends to 
be low in rheumatoid arthritis and elevated in osteoarthritis. That these results, 
especially those obtained in the osteoarthritis group, are really significant is 
evident from the final calculations; the difference between the means of the 
normal group and the rheumatoid group divided by the standard error of the 
difference of these means gives a value of 2.27. This variation from normal is 
suggestive but not definite. The same calculations applied to the normal and 
osteoarthritis group show a figure of 5.20, indicating a significant variation from 
normal. 

Figs. 1 and 2 present frequency curves of the data given above. They are 
self-explanatory and require no further elucidation. 


DISCUSSION 


The etiology of rheumatoid arthritis is unknown; the more recent clinical 
and laboratory data point to its infectious origin. The type of infection and its 
mode of action are still in dispute ; the pathologic findings, however, would sug- 
gest either a hematogenous infection or an allergic response as the prime factor 
in the causation of this type of arthritis. The observation recorded in this paper 
that patients with rheumatoid arthritis tend to show a low blood cholesterol sup- 
ports the infectious theory, since other acute infections are accompanied by 
hypocholesterolemia (Denis, 10 Kipp, 11 Stepp, 12 Rosen and Krasnow, 13 Eichel- 
berger and McCluskey, 14 Henning 15 ). 

The etiology of osteoarthritis, likewise, is not definitely known. The con- 
sensus of opinion is that the pathologic manifestations suggest the degenerative 
origin of this disease. The tendency to an elevated blood cholesterol in this con- 
dition supports this view, since other degenerative diseases are usually accom- 
panied by hypercholesterolemia (Bruger and Poindexter 1 ). 

The relation of free to ester cholesterol in the plasma of arthritics is not 
disturbed. The- mean percentage of esters of the total plasma cholesterol in the 
two groups of arthritis (60.9 per cent in rheumatoid arthritis and 59.4 per cent 
in osteoarthritis) is almost identical with that given by Bloor and Knudson 16 
(58 per cent) for normal subjects. 


The sedimentation rate in rheumatoid arthritis is usually increased the 
rapidity of sedimentation being roughly proportional to the activity of the dis- 
ease. We hoped to observe an inverse ratio between the plasma cholesterol and 
the sedimentation rate in these eases, since both determinations appeared at 
first hand, to be an index of the severity of the disease. As stated above’ no 
such correlation was observed, although one might venture to say that extremely 
low plasma cholesterol* (as we have encountered in the acute phases of rheu- 
matoid arthritis and m acute rheumatic fever) are usually accompanied by an 
increased rate ot blood cell sedimentation. The converse, that is, a high choles- 
terol and a normal or low sedimentation rate was not obvious from our figures in 
the rheumatoid group, though suggestive in the osteoarthritis -roup 
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In the first analysis, two factors may account for the elevated blood choles- 
terol in osteoarthritis. First, these patients are usually obese, and second, they 
generally fall into an older age group. In a previous communication from this 
laboratory/ we have shown that uncomplicated obesity (that is, obesity in which 
evidence of any complicating degenerative disease is lacking) is associated with 
a normal plasma cholesterol. Again, there are few pertinent studies in the 
literature which point to an increased blood cholesterol in the aged. Parhon and 
Parhon” are of the opinion that in human subjects there is only a slight increase 
in the blood cholesterol with advancing years. In very old people (over seventy 
years of age) they observed a definite hypercholesterolemia. In a group of 
fourteen normal subjects reported by Gorham and Myers/ three were fifty-one, 
sixty-five, and fifty-five years old, respectively, and the blood cholesterol in these 
three patients ranged from 130 to 170 mg. per 100 e.c. We have frequently en- 
countered normal plasma eholesterols in old subjects and are of the opinion that 
the factor of age alone in no way influences the level of the blood cholesterol in 
human subjects. When arteriosclerosis supervenes, however, the cholesterol con- 
tent of the plasma may increase, but even the advent of this condition is not 
invariably accompanied by an elevation of the blood cholesterol (Gorham and 
Myers, 3 Peters and Van Slyke ls ). It seems correct to conclude, therefore, that 
the two factors of obesity and of age may be eliminated as possible causes for the 
increased blood cholesterol observed in patients with osteoarthritis. 


SUMMARY AND CONCLUSIONS 

The total cholesterol content of the plasma tends to be decreased in rheu- 
matoid arthritis and elevated in osteoarthritis. These findings lend added proof 
to the theory that rheumatoid arthritis is an infectious disease and osteoarthritis 
a degenerative one. The relation of free to ester cholesterol in the plasma is 
not disturbed in patients with arthritis; the cholesterol partition of the plasma 
in all cases of arthritis approaches closely 1o that observed in normal subjects. 
There is no absolute correlation between the sedimentation rate and the total 
blood cholesterol in patients with arthritis; at times, very low plasma eholesterols 
are associated with elevated sedimentation rates. 


REFERENCES 

1. Pemberton, E.: Arthritis and Rheumatoid Conditions, Philadelphia, 1929, Lea & Febiger, 

p. 81. 

2. Pemberton, K., and Poster, G. L.: Studies on Arthritis in the Army Based on Pour 

Hundred Cases. III. Studies on the Nitrogen, Urea, Carbon Dioxide Combining 
Power, Calcium, Total Pat and Cholesterol of the Pasting Blood, Eenal Function, 
Blood Sugar and Sugar Tolerance, Arch. Int. Med. 25: 243, 1920. 

3. Gorham, P. D., and Myers, V. C.: Remarks on the Cholesterol Content of Human Blood, 

Arch. Int. Med. 20: 599, 1917. 

4. Bruger, M., and Poindexter, C. A.: Relation of the Plasma Cholesterol to Obesity and 

to Some of the Complicating Degenerative Diseases (Diabetes Mellitus, Essential 
Hypertension, Osteo-artliritis and Arteriosclerosis), Arch. Int. Med. 53: 423, 1934. 

5. Bloor, W. R., and Knudsou, A.: The Separate Determination of Cholesterol and Choles- 

terol Esters in. Small Amounts of Blood, J. Biol. Cliem, 27: 107, 1916. 

6 Sackett G. B.: Modification of Bloor 's Method for Determination of Cholesterol in 

Whole Blood or Blood Serum, J. Biol. Chem. 64 : 203 , 1925. 

7 Mirsky I. A., and Bruger, M. : A Note on the Liebermann-Burchard Color Reaction for 

Cholesterol, J. Lab. & Clin. Med. 18: 304, 1932. 

O Wpsterwren A.: Die Sehkungsreaktion. Allgemein-klimsche Ergebnisse. Praktische 
Bedeutung bei Tuberkulose, Ergebu. d. inn. Med. u. Kinderli. 26: 577, 1924. 



POLAYES-ECKERT : INDICAN TEST IN IUiNAL INSUFFICIENCY 


681 


9. Ashe B. I., and Bruger, M.: The Cholesterol Content o£ the Plasma in Chronic Nephritis 
and Retention Uremia, Am. J. M. Se. 186: G70, 1933. 

10. Denis, W.: Cholesterol in Human Blood Under Pathological Conditions, J. Biol. Chem. 

29: 93 1917. 

11. Kipp, H. A.: Variations in the Cholesterol Content of Serum in Pneumonia, J. Biol. 

Chem. 44: 215, 1920, 

12. Stepp, W.: Ueber den Cholestcringehalt des Blutserums bei Krankheiten, Miinclien. med. 

Wchnsehr. 65: 781, 1918. 

13. Rosen, I., and Krasnow, F.: Blood Cholesterol Bindings in Syphilis and Other Skin 

Diseases. An Accurate Technie for Extracting Blood Cholesterol, Arch. Dermat. 
& Syph. 13: 506, 1926. 

14. Eichelherger, L., and McCluskey, K. L.: Chemical Studies in Tuberculosis. I. Plasma 

Proteins, Cholesterol and Corpuscle Volume, Arch. Int. Med. 40: 831, 1927. 

15. Henning, B. H.: The Lipoids of the Blood in Tuberculosis, J. Biol. Chem. 53: 167, 

1922. 

16. Bloor, W. R., and Knudson, A.: Cholesterol and Cholesterol Esters in Human Blood, 

J. Biol. Chem. 29: 7, 1917. 

17. Parhon, C. J., and Parhon, M.: L diypercholesterinemie de la vieillesse, Compt. rend. 

Soc. de biol. 88: 231, 1923. 

18. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, Vol. I. Interpreta- 

tions, Baltimore, 1931, Williams & Wilkins Co., p. 238. 


OBSERVATIONS ON THE INDICAN TEST ON THE BLOOD AND 
URINE IN RENAL INSUFFICIENCY* 


S. H. PoLAYES, Ph.B., M.D., AND ELIZABETH ANN ECKERT, 
Brooklyn, N. Y. 


IN 1911, Obermeyer and Popper 1 first called attention to the fact that indiean 
-*■ is increased in the blood of patients with uremia. This was soon confirmed 
by the observations of Tschertkoff 2 and others, whose investigations showed 
that a quantitative determination of indiean in the blood could be used as a 
valuable aid in detecting renal insufficiency. Thus Baar, 3 in a monograph on 
indicanemia, asserts that indiean retention is the most accurate of all evi- 
dences of disturbed renal function. He based this assertion on the observa- 
tion that in an individual with normal kidneys the blood indiean remains 
constant regardless of the amount of indiean absorbed from the intestines 1 
whereas if the kidneys are impaired, a marked indicanemia occurs, even in the 
absence of intestinal putrefaction. Rosenberg 5 reports indiean values as hi«h 
as 7 mg. per 100 c.c. of blood in patients with renal insufficiency. (Th e nor- 
mal figures are 0.026 to 0.085 mg, per 100 c.c. of blood.) The frequent asso- 
ciation of indicanemia with renal insufficiency has also been pointed out by 
Schilling and Holzer, 0 Becheiy Eufinger and Bader, 8 Beeher, Litzner and 
Doenecke, 9 Muto, lfl Harrison and Bromfield 11 and others. ' 

The observations of Krociewic/V and others 13 - 11 po i nt to the possibility 
that the quantitative estimation of the blood indiean may be of aid in the 
diagnosis of renal disease even before retention of nonprotein nitrogen be-ins 
It has also been claimed that, since indiean accumulates in the blood only 
whenjhere is destruction of renal parenchyma, the test may be used as an 

Director!™" 1 ^ HospHal of Brook, ym Dr. Max LeCerer. 

Received for publication, July 25. 1 53 ] 
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aid in differentiating true renal insufficiency from conditions with nonprotein 
nitrogen retention which is not due to renal disease primarily. Thus, the ob- 
servations of Monias and Shapiro 13 have led them to conclude that the ac- 
cumulation of indican in the blood is a sensitive and specific test of absolute 
renal insufficiency, reliable in botli diagnosis and prognosis. Salvini 10 has 
recently arrived at a similar conclusion in studying a series of eases showing 
an increased indieanemia following operation for tumors of the uterus and 
ovaries. 

Should the above observations be confirmed, the clinician would be pro- 
vided with a much desnred test for the diagnosis of early renal disease. The 
importance of such a test is obvious, since the various tests for renal insuffi- 
ciency at present employed are of value in detecting only advanced renal 
disease. It is only occasionally that they serve as an aid in diagnosis of early 
renal impairment. 

Following the report on indieanemia in renal disease by Monias and 
Shapiro in 1930, we made quantitative determinations on the blood indicau 
in a series of cases of renal insufficiency. It soon became apparent that not 
all individuals with renal dysfunction and pronounced nonprotein nitrogen 
retention showed an increase in the blood indican. This observation showed 
the necessity for further investigation of this subject. Routine quantitative 
indican determinations were, therefore, performed on all bloods received in 
our laboratory for chemical examination and, at the same time, quantitative 
indican determinations were made on the urine of each of these patients.® 
A record was also made of the results of other tests of renal function which 
were performed on these patients (urinalyses, phenolsulphonephthalein excre- 
tion and the diazo reaction on the blood) and of any significant clinical signs 
of renal distux-bances whenever such signs were present. Tlu-ee hundred 
cases were analyzed in all, of which 211 showed no clinical or laboi'atoi-y 
evidence of renal dysfunction. Of the remaining 59 ca’ses some showed vary- 
ing degrees of renal insufficiency, clinically, and all showed an increase of 
one or more of the nonpi’oteiu nitrogen constituents of the blood (urea nitro- 


*Jolles’ 1T modification of the Obermeyer and Popper method was employed in this study, 
using the artificial standard of Monias and Shapiro. The technic is as follows : Five cubic cen- 
timeters of serum are placed In an Erlenmeyer flask and to this is added an equal quantity of 
distilled water.^ An equal quantity (10 c.c.) of trichloracetic acid (20 per cent) is then added 
and the flask is rotated for about two minutes and then allowed to stand for about five min- 
utes. The contents are then filtered through a funnel into a 100 c.c. graduated cylinder. Ten 
drops of a 5 per cent alcoholic solution of thymol are added to the clear filtrate to which 
concentrated fuming, chemically pure, hydrochloric acid containing 0.5 per cent ferric chloride 
is added in a quantity equal to that of the amount of filtrate obtained. The mixture is well 
shaken and allowed to stand for two hours. Then 5 c.c. of chemically pure chloroform are added 
and the mixture is shaken for two or three minutes and allowed to stand. The chloroform 
which settles at the bottom with the dissolved indigo is now pipetted off and the intensity of 
its coloration is compared with the artificial standard (6 capillary drops of a X per cent aqueous 
solution of gentian violet, 3 drops of a 1 per cent aqueous solution of eosln, 10 c.c of 94 per 
cent alcohol and 30 c.c. of .distilled water) which corresponds in tint and intensity to the orig- 
inal standard of 5 mg, of indican in 100 c.c. of chloroform. When necessary, dilutions of the 
standard are made with water and the dilutions taken into account in calculating the results. 

The calculations are made from the formula: 

Reajing_of the standard X O^ ln(3 lcan per 100 c.c. of blood. 

Reading- of the unknown “ . 

The method employed for the qualitative determination of the maican in the urine is 
the same as for blood. 

Note: Recently Schlierbach 18 recommended the use of Palfrich's^ step photometer for 
quantitative indican determinations which may be controlled by Langes electric light color- 
imeter. The advantage claimed for this test is that it obviates the necessity for using photo- 
sensitive comparative solutions. 
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gen of 30 mg. or more and creatinine of 3 mg. or more per 100 c.c. of blood 
was considered evidence of retention). 

The former group (eases with normal renal function and no retention of 
nonprotein nitrogen) can be dismissed with the statement that in no instance 
was a definite increase of indican found in the blood. 

The latter group (cases with definite retention of nonprotein nitrogen in 
the blood and with or without clinical evidence of renal disease) Avas divided 
according to the blood indican content, into two subgroups, one consisting of 
21 eases with normal and the other, of 38 cases, Avitli increased blood indican 
values. The results of this analysis can be studied best from Tables I and II. 


DISCUSSION OF TABLE I 


A study of Table I re\ r eals the most significant findings. Four, or about 
20 per cent of the 21 cases in Avliich the indican values of the blood Avere nor- 
mal (Gases 34, 68, 72, and 94), showed marked renal pathology at autopsy. 
In Case 34 the amount of renal parenchyma Avliich remained normal Avas very 
meager, and in Cases 72 and 94 an arteriosclerotic process had destroyed the 
major portion of renal parenchyma. In Case 72 there Avere diffuse vascular 
lesions in the kidneys and large portions of renal parenchyma had been de- 
stroyed by infarcts. Thus in four proved cases of advanced renal pathology 
the blood indican values Avere normal. It is significant, hoAvever, that in none 
of these cases Avas the nonprotein nitrogen retention excessive. The urea 
nitrogen values ranged only from 31.2 mg. to 52.13 mg. and the creatinine 
only from 2.4 mg. to 2.9 mg. per 100 c.c. of blood. It is also noteAvorthy that 
the Diazo test on the blood Avas negative in all of these 4 cases as Avell as 
in all except one (Case 97) of the remaining 17 cases of this group. This 
incidentally confirms a previous publication by one of us (P) on the value of 
the Diazo test in nephritis, 19 Avhere it Aims pointed out that the test is not 
ahvays positive even in cases of advanced renal pathology. 

In six other cases (Cases 30, 49, 57, 75, 83, and 97) of this group, the diag- 
nosis of renal disease Avas made from clinical signs, irrespective of the definite 
nonprotein nitrogen retention Avliich Avas present in all of them, yet in no 
instance Avas the blood indican increased. Up to the time of Avritin«- tivo of 
these patients had died, one from diabetes and chronic nephritis and the 
other from cardiac decompensation and uremia. The rest Avere discharged 
either as cured or improved. 


The remaining eleven cases (Cases 56, 58, 59, 62, 64, 77, 84, 87 95 101 
and 105) of this group consisted of miscellaneous conditions. Although in 
none of those instances Avas there sufficient clinical eAddence for a definite 
diagnosis of renal insufficiency, the persistent albuminuria and the moderate 
nonprotein nitrogen retention which was found in all of these eases su^ested 
renal dysfunction. (Necropsy was performed in only one of these eases and 
revealed no eA'idence of renal pathology.) 

From an analysis of the above data it is quite apparent that at least in 
some instances the absence ot an increased indicanemia does not exclude the 
existence oi early or even advanced renal disease. This observation of course 
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militates against the reliance which has been placed on this test as a means 
of diagnosis of incipient or even of advanced renal pathology. Thus, in the 
four cases cited above (Cases 34, 68, 72, and 04), the moderately increased 
nonprotein nitrogen values of the blood, together with the other tests of 
renal function, proved to be more informative than did the blood indican 
determinations. 


DISCUSSION OF TABLE II 

It was stated above that early in the course of this investigation it had 
been observed that an increase in the blood indican was not found in any of 
the cases with normal nonprotein nitrogen values. Neither was an increased 
blood indican found in any of the cases in Table I, where, as was just pointed 
out, an increased indicanemia was expected,, since all of these cases showed 
evidence of renal insufficiency varying in degree from mild to fatal forms. 
It was, therefore, deemed advisable to tabulate separately all the eases which 
did show an increase in the blood iiulican and thereby permit of a more ac- 
curate comparative study of the two groups. In Table II, therefore, are 
recorded only those eases which showed an increase in the blood indican. A 
study of this table reveals that with one minor exception, all of these eases 
of this group showed marked nonprotein nitrogen retention in the blood, 
positive blood diazo reactions, poor phenolsulphonephtlialein excretion, marked 
and persistent albuminuria, and clinical evidence of advanced renal disease. 
In other words, an increase in blood indican occurred only in cases with 
definite nonprotein nitrogen retention and other clinicopathologie evidences 
of renal pathology. Of the 38 patients examined in this group, 22 or about 
60 per cent were cases of chronic glomerulonephritis. The rest consisted of 
the following: 5 cases of nephrosclerosis; 3 cases of so-called essential hyper- 
tension terminating in uremia; 2 cases of acute glomerulonephritis, one of 
which was superimposed on a chronic glomerulonephritis; 3 cases of urinary 
obstruction, two due to hypertrophy of the prostate and one due to vesicle 
calculi ; 2 cases of polycystic kidneys and one case of subacute bacterial endo- 
carditis. Twenty-four, or nearly 63 per cent, of these patients died after a 
course of a number of weeks or days at the hospital. Postmortem examina- 
tions were performed in two of the cases, one a case of nephrosclerosis and 
the other a case of chronic glomerulonephritis. In both instances the findings 
confirmed the clinical impression, marked destruction of renal parenchyma 
having been found in both. It is of interest to note that in a number of in- 
stances, while the retained nonprotein nitrogen of the blood remained con- 
stant or was diminishing, the clinical condition of the patient was rapidly 
progressing to a fatal termination. In these instances it was observed that 
while the indican of the blood increased the indican of the urine diminished. 
Findings in Case 32 serve to illustrate this observation (Table III). 

In cases in which the mine indican fails to decline synchronously with a 
rise in the blood indiean, a fatal prognosis cannot be made with nearly as 
much certainty. A persistent increase in the urine indican, on the contrary, 
signifies renal ability to excrete this toxic substance and, given sufficient time, 
the excess accumulation of the blood indican may be eventually eliminated. 
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i afipr Hie cause of obstruction was removed in each case. Ap- 
to normal soon after the , , , hv the obstruction. 
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Uons made on specimens o£ blood so obtained or preserved yield valoes which 
f r™tical purposes, are the same as those derived from the examination of 
blood obtained during life. Control experiments similar to those recen y 
i -wi hv one of us (P) in a report on postmortem blood chemistry m xena 
disease 20 showed -that the results of such examinations are reliable and may 
be used without hesitation when, for various reasons, it may he impossible 
obtain fresh blood for analysis. 

SUMMARY AND CONCLUSIONS 

Quantitative indican determinations were made on the blood and urine of 
-100 hospital patients, all of whom were observed for evidence of renal disease, 
■m i rea nitrogen and creatinine determinations and other tests of rena 
function were made in each case. Based on the results of these examinations 
the cases were divided into two groups. One group consisted of 241 cases 
none of which showed any evidence of renal disease. The other group con- 
sisted of 59 cases all of which showed definite nonprotein nitrogen retention 
in the blood and most of which showed also clinical evidence of renal patli- 
\ These 59 eases ivere subdivided into .two subgroups, one consisting of 
cases with normal, the other with increased blood indican values. The con- 
clusions drawn from this investigation were as follows : 

1 Increases in the blood indican values were always accompanied by in- 
creases in the blood nonprotein nitrogen content. 

2 The blood indican values remained normal in a considerable number of 
instances in which the nonprotein nitrogen of the blood was definitely in- 
creased and in which clinical, laboratory and finally, postmortem examination 
revealed evidence of severe renal disease. 

3 \ persistent increase in the blood indican values occurring concomi- 
tantly with a persistently diminishing indican content in the urine was found 
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to be significant o£ a rapidly fatal prognosis, and in that respect, more 
reliable than determinations of the nonprotein nitrogen content of the blood. 
About two-thirds of the patients with a persistent increase in the blood in- 
diean died during the course of the investigation. 

d. Increases in the blood hulican were found to be only temporary in 
several instances of urinary obstruction. Removal of the cause of obstruction 
was immediately followed by a return of the blood indican values to normal. 
5. Indican determinations may be made on postmortem or preserved blood. 
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BACTERIOSTATIC AND BACTERICIDAL STUDIES OF VARIOUS 
DYES AND ALLIED COMPOUNDS* 


S. A. Petkoff, Ph.D., and William S. Gump, Ph.D., Trudeau, N. Y. 


T HE indiscriminate use of various compounds in the treatment of tubercu- 
lous empyema, and especially the form complicated with pus-forming mi- 
croorganisms, prompted these studies. Numerous attempts both clinical and 
experimental have been made to sterilize the pleural cavity, but up to the 
present not a single known compound has proved of great value in such 
therapy. It is true there are a number of effective organic mercurial com- 
pounds which exert bactericidal properties in vitro, but as soon as they come 
in contact with body fluids this property becomes nullified, and they are of 
little value. The demand for an effective drug for such therapy lias so in- 
creased in recent years, that it could not very well be ignored, but at the out- 
set we fully realized the difficulties intimately connected with it. 

A general survey of the subject revealed that a number of compounds 
with established bacteriostatic and bactericidal properties completely failed 
to bring about desired results when used for therapeutic purposes. This fairly 
well signifies that tests as performed today do not give us the true germicidal 
index of the drug. Usually ordinary beef infusion broth and agar media have 
been used, and at the best, they are unsuited for a study of this nature. The 
medium for vitro experiment should be one which will approach the conditions 
under which the compound will be used. To conform with this we used 
throughout our studies human serum agar media. 

The bacteriostatic property of some 130 dyes and allied compounds were 
studied, selecting the effective ones for the bactericidal tests. Of the organ- 
isms used 10 were gram-positive (staphylococci, pneumococci, and strepto- 
cocci), and 7 were gram-negative (typhosus, paratyphosus, dysentery, eoli 
and vibrio comma). Several groups contained more than one strain. The 
object was to find out, for example, if Pneumococcus I, II, and III were equal 
in their susceptibility to a given drug. 


A. ORGANIC DYES 

I. Atfroso Dyes: 

1. NaplitUol green B 

Ft. Xitro Dyes: 

2. Martins yellow 

3. Xaphthol yellow S 

•From the Rc«..«re|, a„<l Clinical Laboratory. 
ltecoi\ctI for publication, August 24, 1U34. 
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III. A:o Dyes: 

(a) Mouoazo. I. Azo bordeaux 

a. Bordeaux red 
0. Chrysoidine II 
7. Chrysoidine Y 
S. Xaphthylamine brown 
9. Xaphthylamine yellow- 
10. Xaphthylamine red 

(b) Diazo. II. Trypan blue 

12. Trypan red 

13. Vital red 

14. Azo blue 

15. Chrysamine 

IV. Stilbcnc Dyes: 

1G. Clirysophenine 

V. Tri phenyl methane Dyes: 

(a) Acid. 17. Alkali blue 

IS. Aniline blue 

19. Brilliant acid blue 

20. Neutral violet 

(b) Basic. 21. Brilliant green 

22. Gentian violet 

23. Methyl violet GB 

24. Iodine green 

25. .Methyl green 
2G. Basie fuchsia 

27. Para rosaniline base 

28. Para rosaniline sulphate 

29. Para rosaniline acetate 

30. Rosaniline hydrochloride 
■*31. Para rosaniline salicylate 
*32. Isoamyl-para rosaniline iodide 

33. Ethyl violet 
*34. Ethyl violet bromide 
*35. Ethyl violet iodide 

*30. n-Propyl violet (homologue of ethyl violet) 

VI. Xanthene Dyes: 

(a) Pyronines. 37. Acridine red 

(b) Fluoresceins. 38. Pldoxine 

(c) Rhodamines. 39. Rhodaniine B 

40. Rhodaniine G 

41. Rhodaniine 6G 

VII. Acridine Dyes: 

42. Acridine yellow 

*43. Acridine yellow salicylate 

44. Acridine orange 

45. Proflavine 

46. Neutral acriflavine 

47. Acriviolet 

VIII. Quinoline Dyes: 

48. Quinoline yellow 

49. Ethyl red 

50. Ethyl cyanine T 

51. Ortlioclirome T bromide 


♦prepared in our laboratory. 
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GDI 


IX. A 2 hie Dues: 

(ti) Ohinoxabnes. 
(b) Safranines. 


(c) Nigrosiues. 
X. Oxazine Dyes: 


XI. Thiazinc Dyes: 


52. Pinacyanole 

53. Pinailavol 

54. Quinuldine red 


55. Pinacryptol green 

56. Methylene heliotrope 

57. Methylene violet 3 HA extra 

58. Saf ranine purple M 

59. Safranine Y 

60. Indoine blue B B 

61. Iris violet 

62. Induline scarlet 

63. Nigroaino 


64. Nile blue 

65. Gallocyanine 

66. Alizarine green G 

67. Cresyl violet 

68. Methylene blue 

69. New methylene blue N 

70. Thionine 

*71. Ethylene blue h 

*72. n-Propylene blue t- liomologues of methylene bluo 
*73. n-Butylene blue J 


XII. Antliraquinone Dyes: 


74. Alizarine blue S 

75. Alizarine red S 


15. STYRYLQUINOLINE COMPOUNDS 


(Type 



- CH = CH - 


) 


XIII. 


(a) Hydrochlorides. *70. Benzylidene quinaldine 

*77. Benzylidene-4-mcthyl quinaldine 
*7S. Benzylidene-6-methyl quinaldine 
*79. Cinnamylidene quinaldine 
*80. o-Aminocinnamylidene quinaldine 
*81. Benzylidene-6-dietliylamino quinaldine 
*82. Piperonylidcne-6-dicthylainino quinaldine 
*83. o-IIydro.\ybenzylidene quinaldine 
*84. p-IIydroxybenzylidene quinaldine 
*S5. 2(/3-Purfuryl-vinyl) quinoline 

(b) Methoeldorides. "SC. Benzylidenc-G-methyl quinaldine 
*S7. Cinnamylidene quinaldine 
*SS. Cinnamylidenc-6-nietliyl quinaldine 
‘S9. o-Xitrocinnauiylidune quinaldine 
5 90. o-Chlorobenzylidene quinaldine 
*91. o-Chlorobcnzylidene-G-methyl quinaldine 
*92. p-Diinetliylaniiiiobenzylidone-O-inetliyl quinaldine 

•Tivpareil in our laboratory. 
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XIV. 


XV. 


C. ANIL QUINOLINE COMPOUNDS 


(Type 


AA 


U' 


cir = n - c 


*93. 2 ( p-Dimethylamino anil) -/3-naphthoquinaldine methoehloride 
*94. 2(p-Dimethylnmino anil) -/3-naphthoquinaldine raetlionitrato 
*93. 2(p-Diinethylumlno anil)-/3-nnphthoquinaldinc methacetate 
*9G. 2(p-Dimethylamino anil) -/3-naphthoquinaldine niethosulphate 
'-'97. 2(p-Dietliylamino anil) -/1-nnphthoquinaldine methacetate 
*9S. 2(p-Dimethy!amino-o-methyl anil) -/ 3 -naphthoquinaldine metho- 
sulphate 

*99. 2(p-Dimethylamino-o-methyl anil) -/3-naphthoquinaldine meth- 
acetate 

*100. 2(p-Dimethylamino-o-ehloro anil)-/3-naphthoquinaldine meth- 
acetate 

"101. Condensation product of /3-naphthoquinaldine niethosulphate 
and 6-Nit roso-N-ethyl-tetrahydroquinaldine 
*102. Condensation product of /3-naphthoquinaldine methiodide and 
0-Nit roso-N-ethyl-tetrahydroquinaldine 
*103. Condensation product of /3-naphthoquinaldine methacetate 
and 6-Nitroso-N-ethyl-tctraliydroquinaldine 
5 104. Condensation product of /3-naphthoquinaldine methacetate 
and 6-Nitroso tetrahydroquinaldine 
*105. 2(p-Monoethylamino-m-mcthyl anil) -/3-naphthoquinaldine 
methacetate 

*100. 2 ( p-Dimethyl, amino anil)-l-cthoxy-a-naphthoquinaldine methi- 
odide v 

*107. 2(p-Dimethylamino anil)-l-ethoxy-o-naphthoquinaldine iuetho- 
sulphate 


D. QUINOLINE DERIVATIVES 
108. Quinosol 

*109. S-HydroxyquinaUline hydrochloride 
*110. 2-Ethvl-3-inetIiyl-4-aniIino-quinoline hydrochloride 
*111. 2-Propyl-3-ctliyl-4-anilino-quinoline hydrochloride 
*112. 2(Phenylisoaminomethyl)-3-chloro-4-anilino-quinoliue hydro- 
chloride 

*113. 2(Chlorometliyl)-3-ethyl-4-anilino-quinoline hydrochloride 
*1 14. Quinaldyl-tetraethyldiaminodiplienylmethane hydrochloride 
*115. Quinaldyl-letraetliyldiaminodiphenyl earbinol hydrochloride 
*110. 2-Trichloroetliylidene quinaldine hydrochloride 
*117. Quinoline-2-acrylie acid 
*119. 2-Crotonylidene quinaldine hydrochloride 
*120. Methiodide of 2-/3-naplithoquinaldehyde plienylhydrozone 
*121. 2 (Chlorometliyl) -3-chloro-4- ( p-toluidino) -6-methyl quinoline 
hydrochloride 

*122. 5, 7-Dmitro-S-hydroxy quinoline 

*123. 5, 7-Diamino-S-hydroxyquinoline hydrochloride 


■Prepared in our laboratory. 
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E. ALKALOIDS AND DERIVATIVES 

XVI. 124. Harinine 

125. Isoquinine 

126. Aminoliydroquinine 

127. Ethylapoquinine 

*128. 5-Amino-S-phenylazo-dihydroquinine 

*129. 5-Amino-8- ( 2-chloroplienyl) -azo-diliydroquinine 

*130. 5-Ainino-8-(3-cli]oroplienyl)-azo-dihydroquinine 

Methods Employed .—' The bacteriostatic tests ivere carried on Petri plate 
media. ChurclimanV method of divided plates, that is, one-half containing 
medium with dye and the second half acting as control, proved satisfactory. 
The original method as introduced by Churchman was slightly modified and 
proved satisfactory for preparation of the plates. Small strips of stiff card- 
board 0.5 cm. wide were cut slightly longer than the inside diameter of the 
dish. When placed crosswise in the bottom part of the dish, there will be 
two compartments. If the strip is of the proper length, it will bulge slightly 
in the center with spring effect to keep itself in place. The cover is put on 
and the dish sterilized at 150° C. for two hours. 

To melted pneumococcus agar of pH 7.6, which has been cooled to 45° C., 
pleural fluid to 10 per cent was added and kept at this temperature until used. 

Into one compartment in the Fetid plate prepared as described about 10 
c.c. of the melted medium is poured, the cardboard division preventing the 
medium running through the entire dish. After solidification a straight dia- 
metrical cut is made in the medium with a sterile platinum spade, and with a 
sterile forceps the cardboard is lifted, carrying away some of the adhered 
medium. This manipulation results in a perfect half plate which is the control. 

To a definite amount of melted serum agar, the dye is added to make a 
dilution ranging from 25,000 to 200,000 for gram-positive organisms, and 5,000 
to 100,000 for the gram-negative organisms. First the dyes were dissolved 
either in water or 95 per cent alcohol and then added to the melted serum agar 
to the desired dilution, and 10 c.c. of this poured into the second compartment 
following the same method. The plates will be in perfect halves, one contain- 
ing the serum agar control and the other the medium with the dye to be 
studied. 

In order to conserve media as much as possible, six or seven streaks were 
made on each plate. To control the proper distribution of the streak the 
bottom of each plate was ruled with a special ruler which consisted of a wire 
(Ho. 14 gauge) ring with soldered cross pieces. The ruling was done with 
India ink. For inoculation the lines can be followed, and there is no difficulty 
in making six or seven streaks on a single plate. All cultures to be studied 
were made on pneumococcus serum broth of pH 7.6, and for uniformity 0 1 
c.c. of inoculum was used. The inoculation of the plates was made from an 
eighteen-hour growth with a platinum loop of 3 mm. in diameter, streakin- 
across the two compartments, and having as a guide the lines on the bottom 


•Prepared in our laboratory. 
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Tlie plates were incubated at 37.5° C. and the first reading- made at 
twenty-four hours. The results recorded in the table were the forty-eight-hour 
observations, which were made in triplicate. 

In order to determine the value of a compound, in anticipation of its prac- 
tical application in therapy such as we were interested in, the following gram- 
positive and gram-negative organisms were used. Gram-positive: Staphylo- 
coccus pyogenes aureus, Pneumococcus 1, II, III, Streptococcus hcmoUjtkus, 
nonhcmolyticus, scarlatina, viridans, erysipelatis and faccalis. Gram-negative: 
Bacillus typhosus, paratyphosus .1 and B, dysentery Shiga, Flexner and Sonne, 
coli, and vibrio comma. 

The results are summarized in Tables I, II, and III. To save space in the 
table, we have omitted 000 from the figures, therefore each number represents 
thousands. 

Out of 130 compounds studied, 51 were effective for gram-positive, and 
23 for grain-negative organisms. Studying the tables the reader will notice 
that our results are considerably lower than those reported by other investi- 
gators. This discrepancy in all probability is due to the difference of media. 
At best, on ordinary culture medium, many organisms propagate 011 I 3 ' spar- 

Table I* 


Bacteriostatic Studies — Gram-Positive Ouoa.vis.ms 


d 

A 

< 

COMPOUND 

A 

D 

Z p 
p* I 

d 

A 

c 

3 

W 

A 

6 

'A 

1 - 
'■ S3 

; u 

! J 
j i § 

' a ~ 

d 

h 

3 

d v. 

in ‘A 

< 

A 

A X 

cc 

2 a 

in d 

A 

.- 3 

5 £ 

x. > 

£ 5 

in * 

21 

Gentian violet 

50 

50 

50 

50 

50 

25 

25 

25 

25 



22 

Ethyl violet 

50 

50 

100 

50 

50 

50 

50 

50 

50 

25 

25 

Brilliant green 

100 

200 

200 

200 

100 

50 

50 

50 

50 

25 

26 

Basic fuchsia 

25 

50 

100 

50 

50 

50 

50 

50 

50 

20 

27 

para Rosaniline acetate 

50 

100 

100 

100 

50 

50 

50 

50 

50 



28 

para Rosaniline base 

25 

50 

50 

50 

50 

25 

25 

25 

25 



29 

para Rosaniliue sulphate 


25 

50 

50 

50 

50 

50 

50 

50 


30 

Rosaniline hydrochloride 


50 

50 

50 

50 

50 

50 

50 

25 



31 

para Rosaniline salicylate 


50 

50 

50 

25 

125 

25 

25 

25 



32 

Ethyl violet bromide 


25 

25 

25 

25 

25 

25 

25 

25 

25 

33 

Ethyl violet iodide 


25 

50 

25 

25 

25 

25 

25 

25 



31 

Isoamyl-para rosaniline iodide 



25 

25 

25 

25 

25 

25 

25 

25 



35 

Methyl violet 6B 

100 

150 

200 

150 

50 

50 

50 

50 

50 

25 

36 

n-Propyl violet 

100 

150 

150 

150 

50 

50 

50 

50 

50 

25 

41 

Rhodamine 6G 

25 

25 

25 

25 

25 

25 

25 

25 

25 


42 

Acridine yellow 

25 

100 

100 

100 

100 

25 

125 

25 

25 


44 

Proflavine 

50 

100 

100 

50 

100 

50 

50 

50 

50 

25 

45 

Neutral acriflavine 

100 

100 

100 

100 

100 

100 

100 

100 

100 

25 

46 

Acri violet 

50 

100 

100 

100 

100 

50 

50 

50 

50 

25 

54 

Orthochrome T bromide 

25 

25 

25 

25 

25 

25 

25 

25 

25 



55 

Pinacryptol green 



50 

50 

50 

50 

25 

25 

25 





56 

Methylene heliotrope 

50 

50 

50 

50 

50 

50 

50 

50 

50 

25 

57 

Methylene violet 3 RA extra 

100 

150 

150 

50 

25 

25 

25 

25 

25 



59 

Safranine Y 

25 

50 

50 

50 

25 

25 

25 

25 

25 



60 

Indoine blue B B 

100 

200 

200 

150 

50 

25 

25 

25 

25 

— 

61 

Iris violet 

— 

50 

50 

50 

25 

— 

— 

— 

— 



64 

Cresyl violet 

100 

150 

150 

150 

50 

50 

50 

50 

150 

25 

65 

Nile blue 





— - 







*The figures repi-esent thousands. 
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ingly provided the medium is not enriched with some body fluids. We had no 
difficulty in observing a profuse growth in the control compartment of the 
plates with streptococcus and pneumococcus. We may offer at 1 present the 
following three explanations which, singly or collectively, may have contrib- 
uted to the low values of the inhibitory properties reported here. (1) The 
enriched medium allowing the organism uninterrupted propagation, (2) the 
serum having caused some direct modification of the dye molecule thus malc- 


Table II* 


Bacteriostatic Studies — Guam-Positive Organisms 


1 






w 

d 

h 


73 



6 

COMPOUND 

72 

P 

6 

6 

6 

p 

o 

£ 

>* 

5* 

o 

< 

A 

S 

p 

w 

73 

A : 

73 

y< 

sa 


a X 

P P 
< < 

^ . 

73 Pi 

P 

a 

£ 

P 

P 

w 

§ 

3 2 

1 * 

H S 

X < 

p. S 

« 73 
X 

S S ; 
g « 

d < 

P 

X w 

p 


Ph 

72 P 

w £ 

72 72 

72 W 

72 > 

72 P. 

G8 ; 

Methylene blue 

100 

200 

200 

200 

100 

100 

100 

100 

100 

50 

G9 

New methylene blue N 

50 

100 

100 

100 

50 

50 

50 

50 

50 

25 

71 

Ethylene blue 

100 

300 

300 

300 

150 

50 

100 

100 

25 

25 

72 

n-Propylene blue 

100 

300 

300 

300 

150 

50 

100 

100 

25 

25 

73 

n-Butylene blue 

100 

200 

200 

200 

150 

50 

100 

100 

25 

25 

91 

p-Dimethylaniinobenzylidene-6- 

25 

100 

100 

100 

25 

— — 

25 

25 

25 

— 


methyl quinaldine methiodiile 











92 

o-Chlorobenzylideue-6-methyl 


25 

25 

25 

25 

25 

25 

25 

25 




quinaldine 











93 

2 ( p-Dimethylamino anil) -/3-naphtho- 


100 

100 

50 

50 

50 

50 

50 

25 

25 


quinaldine methochloride 











91 

2 ( p-Dimethylamino anil ) -/3-naphtlio- 


150 

200 

200 

200 

50 

150 

150 

25 

25 


quinaldine methonitrate 


150 









95 

2 ( p-Dimethylamino anil) -/3-naplitho- 


200 

150 

150 

150 

150 

150 

50 

25 


quinaldine metliacetate 











9G 

2 (p-Dimetliylamino anil) -/3-naphtho- 


150 

300 

150 

150 

100 

100 

100 

100 

50 


quinaldine methosulphate 











97 

2 (p-Diethylamino anil ) -/3-naphtho- 


50 

150 

100 

100 

25 

100 

100 

25 



quinaldine metliacetate 











98 

2(p-Dimethylamino-o-methyl anil) -/3- 


25 

100 

100 

25 


25 

25 

25 




naphtlioquinaldine methosul- 
phatc 











99 

2 (p-Dimethylamino-o-chloro anil) -/3- 


100 

100 

50 

25 


25 

25 




naphtlioquinaldine metliacetate 











100 

2(p-Diniethylainino-o-inethyl anil) -/3- 


300 

300 

300 

25 

25 

25 

25 

25 



naphtlioquinaldine metliacetate 










101 

Condensation product of /3-naphtho- 


150 

150 

150 

100 

25 

50 

50 

50 

25 


quinaldine methosulphate and G- 
Nitroso-N-ethyl-tetrahvdroquin- 
aldine 















103 

Condensation product of /3-naphtho- 


100 

200 

150 

100 

~25 

50 

50 

50 

25 


quinaldine metliacetate and G- 
1 Nitroso-N-ethyl-tetrahydroquiu- 

aUline 
















101 

Condensation product of /3-naphtho- 


50 

50 

50 

50 


50 

50 

50 



quinaldine metliacetate and G- 
nitroso tetrahydroquinaldine 



t 








105 

i 2(p-Monocthylami»o-m-methyl anil) 


50 

50 

50 

50 


50 

50 

°5 



-^-naphtlioquinaldine metliacetate 






10( 

5 2(p-Dimethvlamino anil)-4-cthoxv-a 


25 

25 

25 



25 





naphtlioquinaldine inetliiodide 






— 

25 

25 

— 

12- 

1 Ilarininc 


100 

100 

100 







12! 

3 i 5-Amino-S-plieiiylazo-dihydroquinine 


25 

25 




~~ 

— 

— 

— 

12! 

9 5-Amino-S-(2-rhlorophenyl)-azo- 
1 diliydroquinine 

— 

150 

200 

200 

150 

50 

2.i 

150 

2o 

100 

25 

50 

25 

•The ll cures represent thousands. ' 
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Table III* 


Bacteriostatic Studies — Gram-N kuative Organisms 


6 

X 

a 

< 

COMPOUND 

X 

D 

V? 

o 

i*« 

&< 


l 

< 

r* 

tt 

> 

hi 

H 

If 

£ T. 

V* 

w 

y< ss 

p 

p 

a E 

>* 

£4 

A 

X W 
* 

* X 
. o 

£3 02 

a 

< 

7 

7 

O 

u 

o 

> 

23 

Todino green 

5 

5 

5 

25 

10 

10 


25 

24 

Methyl green 

5 

5 

5 

10 

5 

5 


5 

25 

Brilliant green 

50 

50 

50 

100 

50 

100 

50 

100 

26 

Basie fuchsia 

10 

10 

10 

25 

25 

10 

10 

.10' 

42 

Acridine vellow 

10 

10 

20 

25 

25 

25 

5 

10 

44 

Proflavine 




10 

1(1 

10 


5 

45 

Neutral uerifluvine 




50 

10 

23 


. 

46 

Acviviolct 



5 

SO 

50 

50 


10 

64 

Cresyl violet 




10 

5 

1 



71 

Ethylene blue 






5 

5 



— 

72 

n-Propylene blue 




10 

10 




5 

73 

u-Butylene blue 



. 


5 

5 



— 

95 

2 (p-Dimethyliuniuo anil) -/bnaphthoquinal- 

200 

. 


150 

200 

200 

... 

200 


dine methacetate 









96 

2(p-DiiuethyIamino anil) qj-miphthoquinal- 

100 



150 

100 

150 


100 


dine iuethosulphate 









97 

2( p-Diethylam'nio anil) -p-naphthoquinal- 

50 



50 

50 

50 



50 


diue methacetate 









98 

2(p-Dimethylamiuo-o-methyI anil)-j3-uaph- 

10 



100 


10 


5 


thoquinaldine methosulpliato 









100 

2 (p-Dimethylaiiuno-o-methyl anil) -/3-naph- 

10 



25 

50 

25 


25 


thoquinaldine methacetate 









101 

Condensation product of p-uaphthoquiuul- 










diue methosulpliato and 6-Nitroso-n- 

5 



50 

50 

50 


25 


ethyl-tetrahydroquinuldiue 









103 

Condensation product of /3-naphthoquiual- 










dine methacetate and 6-Nitroso-n-etUvl- 

50 



50 

50 

50 


50 


tetrahydroquinaldine 









104 

Condensation product of p-naphthoquinal- 










dine methacetate and G-Nitroso tetra- 

10 



10 

25 

25 


25 


hydroquinaldine 



„ 






105 

2(p-MonoetUylamino-m-metliyl unil) -(3-uaph- 

10 



•50 

25 

25 


5 


thoquinaldine methacetate 









107 

2(p-Dimethylan»no anil)-4-ethoxy-a-uaph- 

25 





25 

25 

10 


50 


thoquinaldine methosulphate 









10S 

Quinosol 

50 

50 

50 

100 

100 

100 

25 

50 


•The figures mH-esent thousands. 


ing it ineffective, and (3) the senun acting as protector altering the surface 
of the bacteria, making them less permeable to the dye. 

BACTERICIDAL TEST 

A departure from conventional bactericidal methods was adopted in this 
study. The same gram-positive and gram-negative organisms used in the pre- 
ceding experiment were tested: As in that experiment 10 per cent serum 
pneumococcus broth medium of pH 7.6 was used. Culture tubes containing 
5 c.c. of this broth were inoculated with 0.1 e.e. of eighteen-hour broth culture 
and incubated at 37.5° C. for two houx-s. As most organisms have a lag period 
of from one to three hours, it seemed advisable to add the compound which was 
to be investigated after this lag period, thus giving the advantage to the or- 
ganism and not to the dye. After two hours of incubation of series of tubes. 
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various amounts of the dye were added, making a dilution of 25,000 to 200,000 
for the gram-positive, and for the gram-negative organisms dilutions were 
from 5,000 to 100,000. The tubes were well shaken and returned for further 
incubation and readings made at the twenty-fourth hour. At the forty-eighth 
hour, subinoculations were made from each tube on serum agar plates in order 
to rule out the possibility of baeteriostasis, which occurs in such experiments 
after a tube appeal’s to be perfectly clear, when if subcultured colonies de- 
velop. To conserve culture media a number of streaks were made on each 
plate using the method described elsewhere. 

The end-results were recorded after the plates had been incubated for 
forty-eight hours. 

The final results were disappointing. The values of the bactericidal ac- 
tivities, of all the compounds used in the bacteriostatic test and summarized 
in Tables I, II, and III, were approximately one-lialf and occasionally one- 
third of those obtained in the bacteriostatic test. The summaries of the tables 
are omitted as the findings are of no importance. 

These studies reveal that the streptococci as a group are much more re- 
sistant to baeteriostasis than other gram-positive organisms. Streptococcus 
faecalis is the most l-esistant, viridans is next in order, followed by nonhemo- 
lyticus, scarlatina and erysipelatis. Streptococcus hemolyticus, on the other 
hand, is much more sensitive to the dyes. Next to the streptococci is Staphylo - 
coccus P. aureus. Pneumococci are more sensitive to baeteriostasis than any 
of the gram-positive organisms studied. Type II is the most sensitive, type 
III follows closely and type I reacts less than the others. 

Of the gram-negative organisms, the three dysentery organisms studied 
possessed about similar sensitivities to baeteriostasis. Bibrio comma and B. 
typhosus follow very closely. The B. paratyphosus A and B and B. coli are 
extremely resistant to the action of the dyes. 

During the course of these studies casual observations were made on the 
comparison of the appearance of the growth in the dye compartment with 
the growth of the control. Repeatedly we noticed that some dyes exerted only 
a slight bacteriostatic action — the growth was scanty, here and there sprinkled 
with single colonies which varied in topography and other physical properties. 
This was especially pronounced in media containing the dyes of the azine 
series. This is in accord with many observations reported in the past dealing 
with forced dissociation of bacteria, which have been fully discussed by Had^ 
ley. 3 It seems that, in the future, this phenomenon must be taken into con- 
sideration when selecting compounds for studies such as this. We see no 
reason why the growth should be our only criterion in the evaluation of a dru" 
and not the variants which are present in the growth. 


CONCLUSIONS 


In this first contribution, we have presented bacteriostatic and bactericidal 
studies of 130 dyes and allied compounds, most of which have, in our hands 
proved to he of little or no value. The most effective for the gram-positive 
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organisms were: Groups V, triphenyi methane dyes (basic); Vll, acridine 
dyes; IX, azine dyes, (a) chinoxalines, (b) safranines; X, oxazine dyes; XI, 
thiazine dyes; XIV, anil quinoline compounds; and a few of XVI, alkaloids 
and derivatives. 

The grain-negative organisms are affected differently. Group V, triphenyi 
methane dyes (basic), iodine green, methyl green, brilliant green, and basic 
fuchsia have moderate bacteriostatic and bactericidal properties, and VII, 
acridine dyes, only feeble activities. Anil quinoline compounds, Group XIV, 
are the most effective. 

At present the most promising is Group XIV. anil quinoline compounds, 
llany new modifications with and without mercury have been prepared in 
this laboratory, and the results will be reported later. 
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THE BLOOD WA8SERMANN TEST IX 500 CASES OF X EUROSYPHILIS 


WITH POSITIVE CEREBROSP1XAL FLUIDS* 


William C. Mexxixgeh, M.D., Topeka, Ivax., and 
Leon Bromherg, M.D., Chicago, III. 


A LTHOUGH many syphilologists and neurologists have expressed the opinion 
l that a negative blood Wassennauu frequently is found in neurosyphilis, 
there have been relatively few clinical studies to support this statement. We 
here present the results of an investigation of 500 eases of neurosyphilis, 
chosen on the basis of a positive cerebrospinal fluid in addition to clinical 
studies which established the diagnosis, as well as the active state of the 
neurosyphilitic process. In reviewing unselected cases from our record files 
over a period covering the past eight years, approximately 20 patients with 
negative cerebrospinal fluids were excluded despite sufficient clinical evidence 
of syphilis of the central nervous system. This study shows the frequency 
of a negative, doubtful, and strongly positive blood Wassennauu test in the 
five more common clinical forms of neurosyphilis, all of which showed a posi- 
tive Wassermann test in the spinal fluid: asymptomatic (297 cases), tabes 
dorsalis (133 cases), general paralysis (38 cases), taboparesis (19 cases), and 
meningovascular (13 cases). 

The statistical data which are analyzed later were based upon the initial 
blood and spinal fluid tests taken early during the patient ’s study in the clinic. 

~ Tp-rom the Public Health Institute. Chicago, 
deceived foe publication, July 17. 1934. 
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Only tlio.se eases in which the two tests were taken approximately at the same 
time were included in this series. Notation was made of the amount of treat- 
ment the patient had had previous to the time ol the lumbar puncture. In 
subsequent tables the treated and untreated cases are separately considered 
under their proper headings. 

For the past three years (which time interval includes most of the present 
series of 500 cases), we have employed the standard Kolnrer technic for the 
examination of both blood and spinal fluid. Prior to that time a less sensitive 
technic was used, but since both the blood and spinal fluid were examined by 
the same method, the validity of comparative results is not impaired. 

The routine study of the spinal fluid has also included a cell count, tests 
for globulin, and colloidal gold curve determination. Since these latter re- 
sults, in general, corresponded to the degree of positivity of the Wassermann 
test in the spinal fluid, they have not been analyzed in this paper. 

ASYMPTOMATIC NBUUOSYl’HUAS 

Our study includes 297 cases so classified, all with four-plus cerebrospinal 
fluid Wassermann tests (Table I). 


Table I 


BLOOD SERUM 
WASSERMANN 

MAJ.ES 

FEMALES 

TOTAL 

l'Elt CENT or 

ALL 297 

CASES 

PATIENTS 
WITHOUT 
TREATMENT 
(BOTH MALE 
AND FEMALE) 

l'Elt CENT OP 

83 UNTREATED 
PATIENTS 

Negative 

85 


— Tif 

m ; 

i6 

19.2 

One-plus 

5 




0 


Two-plus 

20 




10 

12.2 

Three-plus 

22 





8.4 

Pour-plus 

74 




50 


Totals 

215 

1 82 

1 297 

j 100.0 

83 

| 100.0 


Thus, we find that one-third of this large series of cases of asymptomatic 
neurosyphilis, on their initial examination in our clinic showed a negative 
blood Wassermann test in the presence of a positive cerebrospinal fluid Was- 
sermann test. An additional nine cases (3.0 per cent) showed only a one- 
plus blood Wassermann test. Even if one granted that previous treatment 
might be responsible for the blood Wassennaun reversal in a large percentage 
of cases, it is noteworthy that 19.2 per cent of the 83 patients who "ave no 
history of treatment also showed a negative blood Wassermann test on the 
initial examination. 

The opinions and findings of other workers as to the frequency of a nega- 
tive blood Wassermann test in asymptomatic neurosyphilis, is shown in Table H. 


TAIiES nonSAUS 


The findings in 133 eases of tabes dorsalis, in which every case allowed a 
l„ur-plus Wassermann test in the cerebrospinal fluid are shown in Table, I If. 
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It is worthy of comment that 27.8 per cent of all these patients had a 
negative blood Wassermann on admission, and an additional 7.5 per cent 
showed an equivocal reaction. Even 21.3 per cent of the untreated patients 
showed a negative or doubtful blood finding, though all showed clinical evi- 
dence of tabes dorsalis as well as strongly positive spinal fluid Wassermaun tests. 

That tabes dorsalis is frequently associated with a negative blood Was- 
sermann is shown in the uniformity of the reports and opinions of previous 
investigators (Table IV). 


Table II 


AUTHOR 

YEAR 

Fildes, Parnell, Maitland* 

1919 

Fordyce and Rosen- 

1921 

Worstcr-Drouglit, et al. 3 

1922 

Fuchs* 

1922 

Stokes and Brown 3 

1922 

Stokes 3 j 

192G 

Moore 7 

1933 


FINDINGS 

*32-1 patients, 2 with negative blood in 12 
patients with positive spinal liuid 
14 per cent of late asymptomatic neuro- 
syphilis with negative blood and positive 
liuid 

14 patients, 12 witii negative blood 
131 patients, 29 per cent with negative blood 
112 patients, 72 (09.2 per cent) with posi- 
tive liuid and negative blood 
30 to 00 per cent negative blood in latent 
early neurosyphilis 

‘‘Blood is often reversed and maintained 
us negative” 


Table III 


BLOOD SERUM 
WASSERMANN 

MALES 

| 

1 FEMALES 

TOTAL 

l’ER CENT OP 
SERIES or 

133 TABETICS 

PATIENTS 

WITHOUT 

TREATMENT 

(both sexes) 

l’ER CENT OB 
47 UNTREATED 
TABETICS 

Negative 

30 

1 

! 37 

27. S i 

9 

19.2 

One-plus 


0 


7,5 

1 

1 2.1 

Two-plus 

13 

o 

15 

11.3 

6 

12.S 

Three-plus 

11 

0 

11 

S.2 

7 

15.1 

Four-plus 

53 

7 

GO 

45.2 

24 

50.S 

Totals 

123 

10 

133 

100.0 

47 

100.0 


Table IV 


AUTHOR, 

YEAR 

FINDINGS 

Schaffer 3 

1911 

150 eases, negative blood in 31.3 per cent 

Nonne 9 

1916 

30 to 40 per cent with negative hlood 

Fordyce 10 

1919 

21 cases, 19 per cent with negative hlood; 
100 per cent had positive spinal fluid 

Boyd 11 

1920 

30 to 50 per cent with negative blood. Spinal 
fluid also negative in the same per cent 

Gennerich 12 

1921 

30 to 40 per cent negative blood 

Worster-Drought, et al. 3 

1922 

3G cases, five with negative blood 

Thaysen 13 

1923 

111 eases, 46 with negative blood (42 per 
cent) 

30 to 60 per cent with negative blood 

Stokes and Shaffer 1 -* 

1925 

Ivilduffe 13 

1926 

30 per cent negative blood; spinal fluid 100 
per cent positive 

Fritzsclie 10 

192 S 

15.4 per cent of cases with negative blood 
and positive fluid 

Plaut 11 t „ 

Geert- Jdrgensen, et al. 13 

1929 

20 to 30 per cent negative blood 

1932 

216 cases, 50 (23.1 per cent) with negative 
blood and positive fluid 

Schamberg and Wright 19 

1932 

35 per cent negative blood serum 
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GENERAL PARALYSIS 

The blood Wassermann findings in 38 eases of clinical and seropositive 
spinal fluid cases of general paralysis are shown in Table V. 


Table V 


BLOOD SERUM 
WASSERMANN 

JIALES 

females 

TOTAL 

PER CENT 

CASES WITHOUT 
TREATMENT 
(BOTH SEXES) 

Negative 

6 

2 

8 

21.1 

1 

One-plus 

i 

0 

1 

2.6 

0 

Two-plus 

5 

0 

5 

13.1 

0 

Three-plus 

4 

0 

4 

10.5 

0 

Four-plus 

12 

S 

20 

52.7 

6 

Totals 

28 

10 

38 

100.0 

7 


In this series we found that 21.1 per cent of eases showing both the clini- 
cal picture of general paralysis, as well as positive spinal fluid findings, had 
a negative blood Wassermann test. Admittedly the number of cases analyzed 
is too small to warrant any definite conclusion and the series could not be 
fairly compared with similar studies made on patients suffering from general 
paralysis whose mental symptoms were severe enough to demand liospitaliza- 

Table VI 


author 

YEAR 

Marie and Levaditi 23 

1907 

Edel’t 

1908 

Lesser 33 

1908 

Baviart, Breton, Petit 33 

1908 

Stertz 34 

1908 

Marinescu 33 

1909 

Nonne and Holzmann 23 

1910 

Darling and Newcomb 23 

1916 

Fordycei° 

1919 

Plaut 23 

1920 

Kafka 23 

1920 

Craig 33 

1921 

Nathan and Weichbrodt 3 ' 

1921 

Boas 32 

1922 

Eicke 33 

1922 

Eskuchen 34 

1923 

Menninger and Menninger 33 

1925 

Walther and Abelin 30 

192G 

ICilduffe 13 

1926 

Fritzschc 33 

1928 


FINDI NGS 

39 cases, 41 per cent negative blood and~27 
per cent negative spinal fluid 

62 cases, 100 per cent positive blood 
02 cases, 100 per cent positive blood 
72 cases, 7 per cent negative blood 
“95 per cent positive fluid and serum even 
higher percentage positive" 

35 cases, 6 per cent negative blood 
100 per cent positive blood 
69 cases, fluid 100 per cent positive, blood 
negative in 8 (11.6 per cent) cases 

40 cases, 5 per cent negative blood, 100 per 
cent positive fluids 

1,400 cases, 8 negative blood, and 14 with 
weakly positive blood 
100 cases, 24 with negative blood 
100 per cent positive blood 
150 cases, 27 with negative blood at some 
stage 

243 cases, 100 per cent positive blood, 94 per 
cent positive fluid v 

110 cases, 8 with negative blood 
72 cases, 5.5 per cent with negative blood 
and positive fluid 

166 cases, 7.6 per cent with negative blood 
and positive fluid 
32 cases, 3 with negative blood 
100 per cent positive blood 
4.3 per cent with positive fluid and negative 


von Rohden, et al. 3T 
Candler and Mann’s 

Peterson 33 

Salomon* 3 

Solomon 43 


1931 

1932 

1932 

1932 

1932 


171 ™ negative Dlood 

_tnc blood "' lth P ° Sltive ,]ui ' ! an<1 

Un ?, !lSC3 ’ ? c , r cent witlt negative blood 
c fi? es ) 13 with negative blood 
o to 10 per cent with negative blood 
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tion. However, the series is sufficiently large to represent a cross-section of 
the average experience in private or out-patient clinic practice. 

Even though general paralysis has been a special field of investigation as 
to the relationship of blood and spinal fluid findings, there still remains a wide 
discrepancy of opinion, as shown in Table VI. 

Since the improvement in the technic of the AVassermaim test, it is not 
possible to compare the earlier reports with later studies, and the results since 
1920 are probably much more accurate than those published in previous years. 

The spinal fluid Wassermann reaction is said by many investigators to be 
positive in 100 per cent of cases of general paralysis (Eichelberg, 4 - Darling 
and Newcomb, 27 Sabatini, 13 Boyd, 11 iraguenau, 11 .Sicard, 1 ”* (,'estan and Kiser, 1 " 
Nonne,” Fordyee, 1 " Craig 3 ")- As is indicated in Table VI, however, there have 
been many cases with a completely negative spinal fluid reported by reliable 
workers over a period of years. Furthermore, there have been many unques- 
tioned eases of other types of neurosyphilis reported showing a negative spinal 
fluid. A classification of such cases was made by Nonne 17 and subsequently 
expanded by Solomon and Khunler. 1 ' It has been conclusively shown by 
Chesnev and Kemp, 49 that the Spirochcta pallida can be cultivated from the 
spinal fluid in 1-1.7 to 2(3. (i per cent of eases of early syphilis without changes 
of any kind in the spinal fluid. 


TABOPARESIS 

Table VII presents the findings of the blood Wassermann test in 19 cases 
of seropositive spinal fluid cases of taboparesis. 

Table VII 


BLOOD SEBUM 
WASSERMANN 

MALES 

FEMALES 

TOTAL 

| 

PER CENT 

PATIENTS 
WITHOUT 
TREATMENT 
(BOTH SEXES) 

Negative 

5 

0 

O 

20.3 

i 

One- plus 

l 

0 

l 

5.2 

0 

Two-plus 

l 

0 

i 

5.2 

1 

Three-plus 

l 

0 

i i 

5.2 

0 

Four-plus 

10 

1 

li 

5S.1 

o 

Totals 

is 

1 

19 1 

100.0 

I 


This survey shows that 26.3 per cent of the 19 patients had a negative 
blood Wassermann test on their admission to the clinic. Again the number 
of cases is too small to permit any very definite statement as to the frequency 
with which a negative blood Wassermann is encountered in this condition. 
The figures do demonstrate, however, the fact that in dealing with a non- 
liospitalized group of patients with this type of neurosypliilis, a comparatively- 
lar°-e percentage will present a negative blood Wassermann test. 

There has been little specific mention of the laboratory findings in tabo- 
paresis in the literature. Worster-Drought et al 3 (1922) reported nine cases 
of taboparesis, four of which had negative blood Wassermann tests. Ivilduft'e 13 
(1996) stated that the blood and spinal fluid are 100 per cent positive in tabo- 
paresis. 



ulood wasseiimakm test in nkurosymulis 
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mexxixger-bkoaibekg : 

MENINGOVASCULAR NEUKOSYPIIILIS 

The findings in 13 eases of meningovascular neurosyphilis, all with po«- 
, ive ” of cerebral vaaca.ar and with a posd.ve spmal flmd, 

are shown in Table VIII. 

Table VIII 


BLOOD SEBUM 
WASSERMANN 

MALES 

FEMALES 

total 

rEK CENT 

PATIENTS 

WITHOUT 

TREATMENT 

Negative 

2 I 

2 

4 

0 

30.8 

0.0 

0 

0 

Oae-phs 

0 


o 

15.4 

0 

Two-plus 

1 

i ^ 

o 

0.0 

0 

Three-plus 

0 

5 

! o 

2 

7 

53.8 

1 

Totals 

8 

5 

13 

100.0 

1 


The series presented is obviously too small to allow any doctrinal con- 
clusions but the findings remain consistent with those of the other climca 
types in showing a surprisingly large percentage of cases with negative blood 

t£StS • * 

' ' We have found no definite reference to the laboratory findings in meningo- 
vascular syphilis in the literature. This is probably explained on the basis 
of varying diagnostic categories, and such cases may have elsewlieie 
included in the cerebrospinal, the meningitic, or the vascular groups. 

FIVE HUNDRED CASES OF NEUROSYPHILIS 

The findings for the entire series are shown in Table IX. 


Table IX 


BLOOD SERUM 
WASSERMANN 

MALES 

females 

TOTAL 

PER CENT OF 
ALL 500 
CASES 

PATIENTS 
WITHOUT 
TREATMENT 
(MALE AND 
FEMALE) 

PER CENT OF 
142 UNTREATED 
CASES 

Negative 

One-plus 

Two-plus 

Three-plus 

Four-plus 

1 134 

17 

49 

38 

154 

21 

4 

13 

4 

66 

155 

1 21 

62 

42 

1 220 

31.0 

4.2 

12.4 

8.4 

44.0 

27 

1 

17 

14 

S3 

19.0 

0.7 

12.0 

9.9 

58.4 

Totals 

| 392 

108 

1 500 

100.0 

142 

100.0 


The advantage in grouping all the various clinical types of neurosypliilis 
in the above table is briefly to demonstrate the remarkable fact that 31 per 
cent of all such cases presented a negative Wassermann test in the blood, al- 
though showing a positive test in the spinal fluid, commonly accepted as evi- 
dence of active neurosyphilis. Of the 142 patients without a history of any 
previous antisyphilitic treatment, a surprisingly high percentage (19.0) showed 
a negative blood Wassermann test. This might logically lead us to assume 
that the amount of treatment received might account for about 12 per cent 
of tin* negative blood Wassermann tests in the group as a whole. This is 
probably fallacious, however, since the history in some eases was so vague 
as to amount and kind of therapy that little dependance could he placed upon 
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it. Furthermore, a considerable number of patients included in the treated 
group liad previously received such desultory and ineffective treatment as a 
few mercury inunctions or two or three intravenous injections. 

There have been few studies of large groups of neurosyphilis patients 
reported in the literature with special reference to the blood and spinal fluid 
laboratory findings. Numerous reports divide their cases into the various 
diagnostic categories and have been listed in the previous tables. Table X 
gives studies of neurosyphilis as a group. 


T.VBf.E X 


AUTHOR 

YEAR 

FINDINGS 

Eskuehen M 

1923 

1 

3415 eases, 97 (2S.0 per cent) with negative 
blooil and positive spinal fluid 

Dattnerw 

■ ■ 

000 eases, 20 per cent with negative blood 

Ilaag anil Kolbe 31 

■ 

321 cases, IS per cent with positive fluid 
and negative blood 

Gecrt-JfSrgeasen, et nl. 18 

103a 

Gal cases, 94 (14.3 per cent) with negative 
blood and positive fluid 


THE KAHN TEST 

The Kahn test was routinely made on the blood in each of our cases. It 
is generally recognized that the Kahn test is more sensitive than the Wasser- 
mann test, and hence it is of interest to compare the findings of the Kahn test 
in the cases with a negative blood Wassermann test in this series. In the 155 
cases with a negative blood Wassermann, the blood Kahn was positive in 38 
cases. In these 38 instances the Kahn test was "two-plus” in six eases, "three- 
plus” in 7 cases, and "four-plus” in 25 cases. 

Of the entire 500 cases studied, 117, or 23.4 per cent, showed completely 
negative blood tests, both Wassermann and Kahn. 

THE CEREBROSPINAL FLUID WASSERMANN TEST 

As previously stated, the present study includes only patients with a posi- 
tive spinal fluid Wassermann test. An analysis of the titer of fluid positivity 
discloses the following : of the total of 500 eases 423 showed a four-plus spinal 
fluid Wassermann reaction with as little as 0.2 e.e. of fluid; of the remaining 
77 patients 27 showed a four-plus reaction in the spinal fluid Wassermann 
with 0.4 c.c. fluid; in 39 eases 0.6 e.e. was the least amount of fluid to show a 
completely positive Wassermann test; in 11 cases 1 c.c. of spinal fluid was 
required for a four-plus Wassermann test. It is interesting to correlate these 
findings with the Wassermann test performed on the blood serum, as shown 
in Table XI. 

Table XI 


BLOOD SERUM 
■WASSERMANN 

SPINAL FLUID FOUR-rLUS 

IN : 

0.4 o.c. 

0.G c.c. 

1.0 c.c. 

Negative 

11 cases 

20 cases 

6 cases 

One-plus 

2 cases 

1 case 

0 case 

Two-plus 

7 cases 

1 case 

1 case 

Three-plus 

0 case 

2 cases 

0 case 

Four-plus 

7 cases 

9 cases 

4 cases 

Totals 

27 cases 

39 cases 

11 cases 
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SUMMARY 

The problem of the status of the blood Wassermann in 500 cases of clinical 
neurosypliilis with positive spinal fluids is presented, together with a brief 
review of the literature. 

1. In the entire group of all clinical types of neurosyphilis, 155 (31 per 
cent) showed negative blood Wassermann tests early in their study at tlie 
clinic. Twenty-one patients (4.2 per cent) showed a one-plus blood Wasser- 
mann test ; 62 patients (12.4 per cent) showed two-plus ; 42 patients (8.4 per 
cent) showed three-plus; and 220 patients (44 per cent) showed a foui’-plus 
blood Wassermann test. 

2. In 297 cases of asymptomatic neurosyphilis, 101 patients (33.6 per cent) 
showed a negative blood Wassermann test. 

3. In 133 cases of tabes dorsalis, 37 patients (27.8 per cent) showed a 
negative blood Wassermann test. 

4. In 38 cases of general paralysis, 8 patients (21.1 per cent) showed a 
negative blood Wassermann test. 

5. In 19 cases of taboparesis, 5 patients (26.3 per cent) showed a negative 
blood Wassermann test. 

6. In 13 cases of meningovascular neurosyphilis, 4 patients (30.8 per cent) 
showed a negative blood Wassermann test. 

7. The Kahn test was positive in 38 cases showing a negative blood Was- 
sermann. 

If this number of cases is deducted from the 155 showing a negative blood 
Wassermann, there remain 117 patients (23.4 per cent) with both the Kahn 
and Wassermann tests in the blood negative. 


CONCLUSIONS 

1. In approximately 30 per cent of cases of active neurosypliilis with posi- 
tive spinal fluid tests, the blood serum Wassermann test fails to give any indi- 
cation of this process. In 23 per cent neither the blood Kahn nor Wassermann 
test is positive. 

2. In view of this fact, no case of syphilis, after the early stage, can be 
regarded as completely studied, accurately diagnosed, or correctly treated 
without knowledge of the cerebrospinal fluid findings. 
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DIURNAL VARIATIONS IN CONCENTRATION OF RED BLOOD CELLS 

AND HEMOGLOBIN* 


James J. Short, M.D., New York, N. Y. 


N UMEROUS data have accumulated over many years on the subject of 
red cell and hemoglobin values in the peripheral blood stream. Despite 
earnest and painstaking efforts on the part of many competent workers, the 
question as to whether significant physiologic diurnal variations occur is still 
in the realm of controversy. In 1923, Rabinowiteh 1 reported hemoglobin valua- 
tions of from 1.1 to 26.2 per cent, within a period of ten hours during the day. 
In a later report Rabinowiteh and Stream concluded from further studies 
that hemoglobin is distributed on the surface of the cell stroma and that 
corpuscular amount of hemoglobin is proportionate to the cell surface. 

Barcroft and coworkers 3 presented data to indicate that the spleen may 
act as a reservoir for red cells from which the circulating cells may receive 
additional recruits to meet certain exigencies. Osgood and Haskins* refer to 
spontaneous diurnal variations of red cells and hemoglobin but feel that 
further work should be done on this subject. 

We are presenting herewith some carefully' conducted observations! bear- 
ing on diurnal fluctuations in normal individuals. Those studied were going 
about their daily duties which for the most part were of a clerical nature. 
A few studies were made on the effect of sudden active exercise. Results are 
reported in Tables II and III. No attempt has been made to review the 
numerous opinions bearing on this subject. This has been exhaustively done 
by Smith 3 to whose article the reader is referred. 


TECHNIC 


Duplicate counts were made on each specimen with the use of a separate 
pipette for each count. Similar duplicate pipettings were also used for the 
hemoglobin determinations. The erythrocyte pipettes were shaken in a me- 
chanical shaker for several minutes to insure an even distribution of the 
cells. A Bauscli and Lomb modified Biirker-Newbauer counting chamber 
was used and care was taken to obtain an even distribution of cells over its 
surface when a drop was applied. Technic was carried out by a highly com- 
petent and experienced technician with the exception of the earlier observa- 
tions which were made by the author. It was felt that although both work- 
er’s usually agree closely in hemoglobin readings and blood counts, the results 
would be more comparable in studying fluctuations if eaeh series of observa- 
tions were made by a single individual. 


•From the Laboratories of the Life Extension Institute. New York, and the Department 
of Medicine, New York Postgraduate Medical School or Columbia University. 

° * Received for publication, September 12, 1934. 

tComplete tables of all experiments will appear in the author's reprints. 
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Blood for counts and hemoglobin estimations were taken by venipunc- 
ture, care beiug taken to avoid undue or prolonged stasis. 

As a check upon the accuracy of the technic, blood specimens were also 
drawn from the veins of four individuals into dry Luer syringes and dis- 
charged immediately into bottles containing dry powdered oxalate; these 
were thoroughly shaken and submitted by number for erythrocyte counts 
and hemoglobin determinations. The technician had no knowledge of the 
identity of the specimens thus submitted. The results which were assembled 
later are shown in Table X. It will be seen from Table I that although the 
maximal variation in cell counts was 700,000 and in hemoglobin was 7 per 
cent, in general the average differences between average counts and hemo- 
globin readings were less than the findings in the study of diurnal variations. 
XVe feel justified, therefore, in believing that the diurnal variations noted 
in Table II are much greater than can be explained on the basis of technical 
error. 

discussion 


In the study of diurnal variations changes of from 1 to 17 per cent of 
hemoglobin and from 70,000 to 940,000 erythrocytes were observed within a 
period of eight hours with the subject at a moderate amount of physical 
activity; and variations of as much as 10 per cent of hemoglobin and 900,000 
erythrocytes were observed within a few minutes following active exercise, 
such as stair running (see Table III). Erythrocytes and hemoglobin con- 
centrations did not always parallel each other. This observation suggests 
the possibility that the hemoglobin content of tlie individual cell is not a 
fixed quantity but is subject to sudden changes, or that in responding to the 
demands of the organism, erythrocytes with different increments of hemo- 
globin are added to the circulation from some depot, such as the spleen 3 
with sufficient rapidity to modify materially the quantities present in the 
peripheral circulation. 

Krumbliaar 6 states that he has always felt that “a very annoying lack 
of correspondence between hemoglobin and red cell counts must be largely 
or entirely explained by the unavoidable margins of error in the technical 
method.” He further states that this has bothered him in more than twenty 
years of anemia studies, and that he occasionally notes in the literature 
where others have attributed false significance to the apparently uncon- 
trollable variations. 


Smith 5 although admitting in her article that "some believe in a con- 
stant number (of red cells) and some in a widely varying one” gives as the 
result of her own extensive observations, the opinion Hat “within short 
periods of time, certainly the eight-hour periods investigated the total red 
blood cell count is practically constant, and that any fluctuations present are 
within the lmnts of error of the method.” She states further that “variations 
m hemoglobin determinations are similar and parallel to those of the total 
rod counts, although large diurnal variations have been found more fre- 
quently than small ones by previous investigators.” 
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In the light of the present studies and previous observations, we do not 
believe that the lack of correspondence mentioned by Krumbliaar can be ex- 
plained entirely on the basis of technical error. The independent fluctuations 
of red celis and hemoglobin over short periods of time are too great to be 
explained on this basis. We believe a better tentative explanation can be 
found in the work of Baveroft, or in the possible supposition that free hemo- 
globin may be taken up as such directly by the erythrocytes from certain 
depots, perhaps within the reticulo-endothelial system of the spleen or liver. 

A few observations were made on the viscosity of blood before and after 
stair running by the method of Hess. With the Hess viscosimeter the rate of 
{low of freshly drawn blood through capillary tubes is compared with that of 

Table II 


Showing Diurnal Variations in Co nce a- tr a ti ox s or Red Cells and Hemoglobin, Subjects 
Engaged in Sedentary Duties. Specimens Taken on Each Day During Working Hours 
at Approximately 9:00, 11:00, 1:00, 3:00, and 5:00 O’clock 
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distilled water when both are subjected to the same pressure. The figures 
express the ratio of the length of the column of water to that of the column of 
blood, the latter being taken as unity. Thus high figures represent high 
viscosity and vice versa. Viscosity of the blood is due chiefly to the concen- 
tration of the suspended elements and represents internal friction between 

Table HI 


Effect of Exekcise on Bed Cells, Hemoglobin, Blood Viscosity and Cell Volume 
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these elements. Therefore an increase in the number of cells or of their average 
size will increase viscosity. It has long been known that there is an increase 
in the size of individual cells as a result of an increased increment of carbon 
• dioxide and probably also of lactic acid. In a recent monograph on red blood 
cell diameters, 7 while discussing their diurnal variation, Cecil Price-Jones 
states that although gentle exercise has no special influence, violent exercise 
such as stair running increases the diameters. His observations show in- 
creases in the average diameter of individual cells of from 0.16 to 0.6 /x or 
2.2 to 8.4 per cent. These changes he attributes to increased amounts of C0 2 
and lactic acid in the blood stream, since it has long ago been shown by 
Giirber, 8 von Limbeck 0 and by Hamburger 10 that the addition of C0 2 to blood 
increased the volume of the red cells. Ryffel 11 showed also that there is a 
considerable increase in the lactic acid in the blood at the end of short violent 
exercise, but not with moderate exercise of longer duration. So it would be 
expected that viscosity would increase following sudden exercise, and this 
phenomenon was shown in the few observations made. An increase of cell 
volume was also shown and was to be expected. 
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It should be noted that in two glucose tolerance tests in which hemo- 
globin studies were made, there was no significant variation of the hemoglobin 
concentration during the two-aud-one-half-hour period of each test. Phis 
would seem to indicate that blood dilution was not sufficient following the 
ingestion of 100 gm. of glucose in 50 per cent solution to change the hemo- 
globin values. 

SUMMARY AND CONCLUSIONS 

1. Spontaneous variations in red cell counts up to 940,000 per c .mm. and 
in hemoglobin values up to 17 per cent were observed in normal individuals 
going about their usual sedentary occupations within a period of eight hours. 
Less marked but sudden changes were observed in those subjected to active 
exercise such as stair running. 

2. Hemoglobin and red cell concentrations did not always vary in the same 
direction at the same time. This suggests that hemoglobin either is not a 
fixed quantity in the individual cells but is subject to variation, or that new 
red cell recruits with different increments of hemoglobin are added to the 
blood stream from time to time with sufficient rapidity to modify former values. 

3. A few viscosity and cell volume determinations were made at intervals 
befox’e and after exercise. The increase in both is explained by the greater 
number of red cells in circulation and a probable increase in the individual 
cell volume as a result of the circulation of larger amounts of carbon dioxide 
and lactic acid. 

4. In two glucose tolerance tests, hemoglobin determinations were made on 
the bloods over two-and-one-half-hour periods and no significant variations 
were found. This would tend to indicate that blood dilution was not suffi- 
cient to produce appreciable variations in hemoglobin concentrations. 

5. The chief purpose of this contribution is to add further evidence to the 
view widely held that rapid spontaneous variations in red cells and hemo- 
globin can occur within short intervals and that red cell and hemoglobin 
values do not necessarily parallel each other. 

The author wishes to acknowledge the assistance of Frank P. Dunbar who did much nf 
the technical work recorded in this article. 
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THE LABORATORY AB AX APPROACH TO ANEMIC THERAPY 5 


Tkumax G. Scii.x.uilu., M.D., Piiilaukutua, I’a. 


C IRCULATING erythrocytes are fundamentally responsible for the clinical 
pictures of the anemias. In anemic states the number of these cells is 
generally less than low normal, and frequently they present abnormal physical 
and chemical characteristics. Physical variations from the normal reveal them- 
selves in shape, size, and lack of maturity. Concerning the chemical variations, 
it is not possible to be explicit to the same degree, since exact knowledge of the 
chemical constituents of the erythrocyte is almost limited to hemoglobin. The 
practical result, for the present, is that the outstanding abnormal chemical 
finding in anemia consists in a quantitative diminution of this important com- 
ponent of the red cell. Variations from tire normal are due either to a loss of 
red cells or to a quantitative or qualitative failure of erythrogenesis. The loss 
of blood may result from a vascular leak or may be accounted for by an ac- 
celerated intravascular erythrocytic destruction. Unsatisfactory erythrogenesis 
may be consequent upon a number of unfavorable circumstances which influence 
erytliropoiesis and the delivery of mature red cells to the peripheral circulation. 
Among these are certain congenital, nutritional and unknown factor deficiencies, 
the traumatism of chemical and bacterial poisons and the compression effects 
of neoplasms and excessive leucocytic proliferation in the leucoses. 

While all of this is appreciated, we continue to meet the general assumption 
that the classification of anemias as primary and secondary is dependent upon 
the existence of a known or unknown cause and perhaps upon the type of color 
index. All the while, however, it is evident that a primary anemia may have 
a known cause and that an anemia regarded as secondary may have a wholly 
unknown cause. In this connection, reference can be made to the primary type 
of anemia observed in some patients with Dibothrioeephalus hit us infestation 
and to the secondary type of simple hypochromic anemia with no evident cause. 
As it develops, all anemias are secondary and any of the etiologie factors men- 
tioned heretofore, whether wholly understood or not, may be responsible for an 
anemia. The same apparent cause, moreover, and this is more important, may 
be responsible for different varieties of anemias. These various types are de- 
fined by the number per unit volume of blood, the size and the pigment content 
of red cells so far as each of these attributes deviates from the normal, or so 
far as they vary from the normal in quantitative relationship to each other. On 
such a. basis, we find that a single etiologie factor, pregnancy for example, may 
account, for varied types of anemia. That an individual is anemic may be more 

' »From the Department of Medicine, University of Pennsylvania. 

Received for publication, August 2. 1934. 

Read at the Meeting of the American Therapeutic Society, June 9. 1931. 
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apparent than real ; decisive determination can be made only by virtue of labo- 
ratory procedures. These can, at the same time, be utilized to place an anemia 
among the several varieties. 

It has not been many years since we were content, in our patient study, 
with an enumeration of red and white cells per cubic millimeter of blood, some 
rather unreliable estimations of its hemoglobin content and perhaps a differen- 
tial leucocytic count. It is still of major importance to count the erythrocytes 
of suspected anemics. It is of equal importance to estimate the hemoglobin com 
tent of the blood. Parenthetically, it is preferable to make such determinations 
as grams per 10 c.c. of blood rather than percentage of the supposed normal. 
It must, however, from what has been said, be evident that determinations of 
the size of the red cells are needed before one can have an intelligent idea of 
the nature of an anemia and, more important, before one can apply a rational 
therapy. Erythrocytic size can be determined from a Price- Jones curve which 
visualizes the diameters and anisocytotie range of several hundred red cells, or 
from a hematocritic estimation of cell volume. Haden has recently reempha- 
sized the value of the latter method, giving original credit to Capps. Haden 
makes use of an ordinary accurately calibrated centrifuge tube instead of an 
especially made hematocrit. This method seems easier and less time consuming; 
it may, moreover, detect changes which are not made evident by the Price- 
Jones teelinie. 


For the purpose of classifying anemias these reports are utilized to cal- 
culate corpuscular constants or indices. The former include estimations of 
mean corpuscular volume, hemoglobin, and hemoglobin concentration, ex- 
pressed as absolute figures. These are used by way of comparison with figux-es 
established by examination of a series of normals. The indices are calculated 
on a basis of comparison with ideal normals. Thus the volume index is ex- 
pressed by volume per cent over red cell percentage when five million is counted 
as a normal number of cells and 46 is the volume coefficient, or the number of 
cubic centimeters of packed cells per five million cells per hundred cubic 
centimeters of blood. The normal limits of the volume index are 0.90 to 1.10, 


The color index is expressed as the result of dividing the hemoglobin percentage 
by the red cell percentage. Here, too, 100 per cent is counted as the ideal 
hemoglobin content and five million as the normal red cell count. The normal 


limits of color index are 0.90 to 1.10. The saturation index is determined by 
dividing the per cent of hemoglobin by the voluma per cent. 'Die normal 
limits arc from 0.90 to 1.10. The indices of volume and saturation are the 
more valuable for practical purposes although the color index has been popular 
for many years. It is quite true that the constant figures may be more accurate 
as working guides, as pointed out by Clarke at the Philadelphia General Hos- 
pital, but the determination of indices seems a bit more convenient since it links 
present methods with those of the past. In any event, if the determination of 
indices leaves one in doubt, there is the possibility of resorting to a comparative 
consideration ot the corpuscular constant values. Proa, studies of anemic 
blood in this fashion. ,t has been demonstrated that red cells mar be excessive 
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normal or decreased in number, large, normal, or small in size and of increased, 
normal or diminished hemoglobin content. With three variables, one may 
have variable combinations and so it happens that lladen was able to point 
out that one may, from the laboratory point of view, have ten different types 
of anemia. For the present at least, as Wintrobc and others have found, only 
four of these types are outstanding in practice. They are all hypoeythemie in 
type, but they differ in cellular size and in pigment content. 

Of these different anemias, there is first of all the large celled or macro- 
cytic group with a volume index greater than 1.1 or a mean corpuscular 
volume ranging from 95 to 160 cubic microns, a color index greater than 1.1 
or a mean corpuscular hemoglobin of 30 to 52 mieromicrograms and a normal 
saturation index or a mean corpuscular hemoglobin concentration of 31 to 33 
per cent. Macrocytosis is produced from the megaloblastic level as Doan, Cun- 
ningham and Sabin put it, and it is believed that macrocytosis points very 
clearly to the lack of a maturation stimulus. When a patient presents a 
macrocytic anemia, this stimulus must be supplied by the use of an anti- 
anemic principle, found in a number of substances. We, therefore, prescribe 
whole liver, the fraction A, desiccated stomach, combinations of liver and 
stomach preparations, a diet after the directions given by Minot and Murphy 
in 1926 as being particularly rich in its vitamin content, or some especial prepa- 
ration of Vitamin B. English hematologists are using marmite. a prepared ex- 
tract of yeast flavored with celery seeds. Such antianemic preparations must 
certainly be potent and must be given in doses of adequate size. The labora- 
tory indication that the dosage is adequate lies in an increase in the reticulocyte 
and erythrocyte count after stipulated periods of administration. During satis- 
factory treatment the volume index approaches the normal level. In this con- 
nection, it must be remembered that during infectious attacks, in the presence 
of old age, arteriosclerosis, and central nervous lesions, dosage must be doubled 
or even tripled over the usual amounts. In this respect antianemic therapy is 
similar to that of insulin. Intramuscular and intravenous methods are more 
efficacious in the case of patients who are gravely ill. who manifest severe com- 
plications, or in whom the gastrointestinal tract does not accept or take up anti- 
anemic substances. This group of large celled anemias, referred to in the cur- 
rent literature as pernicious anemia and the allied macrocytic anemias, in- 
cludes. besides the Addisonian variety of anemia, some anemias occurring in 
sprue, in Dibothrlocephalus latus infestation, in pregnancy, and in the macro- 
cytic anemias of the tropics. Very occasionally, also, we find this same 
variety of anemia occurring after intestinal stricture and resection, with fatty 
chylous and pancreatogenous diarrheas, with gastrocolic fistula, celiac disease, 

■ carcinoma of the stomach, and after subtotal resection of the stomach. If 
the laboratory diagnosis is correct, if the antianemic preparations are potent 
and of sufficient dosage, and if the erythrogenic mechanism is not entirely ex- 
hausted then the patient’s blood picture will improve even though the disease 
is hopeless. This observation has been confirmed by satisfactory responses in 
the blood of patients suffering with carcinoma of the stomach. 
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Tlie second group of anemias comprises those known as normoeytie because 
their cell volume and pigment indices are normal, an evidence that the erythro- 
cytes come from the erythroblastic level. They are only deficient in the num- 
ber of cells per cubic millimeter. The size of the cells ranges between 80 and 
94 cubic microns, the mean corpuscular constant is 27 to 32 micromicrograms 
while the corpuscular hemoglobin concentration is 33 to 38 per cent. The de- 
ficiency of cell numbers is logically supplied by blood transfusion if the anemia 
is responsible for serious symptoms. This type usually occurs as the result of 
acute hemorrhage and may also be observed in the various severe diarrheal 
states; it is also the variety noted in the different types of hemolytic anemia, 
in malaria, in the aplastic and semiaplastic anemias, in icterus gravis neona- 
torum and in sickle-cell anemia. When the laboratory finds a severe hypo- 
cythemia with no anisoeytosis, poilcilocytosis, polyehromasia, punctate baso- 
philia, few reticulocytes, or nonnablasts, and perhaps a neutropenia and throm- 
bopenia, then the patient is placed in an aplastic category. If the blood ex- 
hibits an increased number of reticulocytes, an increased fragility of the red 
cells, hyperbilirubinemia, and hyperurobiliuria, the clinician has ample evidence 
that the anemia is of an hemolytic variety. Malarial forms and sieltled cells 
are other evidences which the laboratory can supply. 

The third group includes those anemias with a volume index lower than 
normal and a color index comparably low. The cells are adequately filled with 
pigment. They range in size from 72 to 79 cubic microns, have from 22 to 26 
mieromierograms of hemoglobin and present a concentration of hemoglobin of 
31 to 38 per cent. This type of anemia is the variety usually found in chronic 
infections including typhoid, in cardiorenal disease, bronchiectasis, in lung 
abscess, and in septicemia. In this same category are found the anemias of 
malignancy uncomplicated by hemorrhage, secondary infection, or bone mar- 
row involvement. Sometimes acholuric jaundice exhibits a macrocytosis. Un- 
fortunately we have no direct therapeutic answer for this group. If the cause 
is evident and if it is treatable, then one should obviously attack the cause. 
If the laboratory findings place an anemia in this group, it becomes evident 
that little is to be expected from the usual antianemic measures. 


The four-th and last group includes those patients with anemias whose in- 
dices are unusually low. The cells measure from 50 to 71 cubic microns, they 
contain only from 14 to 21 mieromierograms of hemoglobin, and the hemo- 


globin concentration ranges from 24 per cent to 29 per cent. This group is 
styled hypochromic microcytic because the cells are poorly saturated with pig- 
ment and small in size. Chronic hemorrhage from any source will eventually 
produce this picture. The same type is noted in a number of anemic states 
variously known as chlorosis, simple hypochromic and achlorhydric anemias 
These varieties at times are only moderately microcytic. During pregnancy one 
may find a state of hypochromia as the dominant deviation. Myxedema scurvy 
beriberi, pellagra, hookworm infestation, poor nutritional states in infants -as 
trointcstinal resection end stricture, »„<1 the several grave diarrheal states are 
some of the com .turns >„ tvl.ieh ,ve find „, is combination o£ lio 

hypochromia. Tins ,s the type of anemia. , aching acutely in pigment content 



718 


THE JOURNAL OF LAIJOUATOKY ANl) CLINICAL. MEDICINE 


that has responded well in the past, after the exhibition of iron, and that re- 
sponds even more satisfactorily today because of the increased doses of iron 
used. Copper in all likelihood contributes considerably to the relief of patients 
in this group, although no particular attention needs to be paid to the deficiency 
because .sufficient copper will be available in the usual iron preparations and 
in an adequate diet. Vitamin C and thyroxin are also needed at appropriate 
times by patients who present this variety of auemia. tu this instance, also, 
the secondary anemia fraction found in liver when combined with iron, will pro- 
duce gratifying results. The collateral use of large doses of dilute hydro- 
chloric acid will undoubtedly hasten recovery for those who are afflicted with 
this sort of anemia and who are achlorhydric. The absence of hydrochloric 
acid and the gastric enzymes is established by the laboratory. 

In addition to the establishment of all the foregoing facts and factors 
through laboratory procedure, it is tin* laboratory to which the physician 
must look for assistance in making a decision as to whether or not his patient 
is the victim of a leucosis, whether he has an intestinal infestation, whether 
there is an achylia or achlorhydria, what type of diarrhea may he present, 
whether there is a septicemia or bacteremia, whether there is a granulopenia 
or thrombopenic state. In doubtful eases the pathologist in the laboratory 
may illumine a clouded situation by examination of tbe bone marrow of 
sternal biopsies, to say nothing of tbe aid which may come from the roent- 
genologic laboratory. 

It is not to be inferred, however, that laboratory investigation in the 
anemias precludes all other studies. It is still good practice to obtain thorough 
histories, and to examine the patient well before outlining logical laboratory 
investigation. From the many disease entities mentioned in this presentation, 
it is evident that anemia occurs under many and varied circumstances, dlueli 
more than laboratory reports must be had before complete and intelligent 
diagnoses can be made and before comprehensive and effective therapy can be 
applied. Exact diagnoses can, after all, here as elsewhere, result only after 
every bit of evidence is obtained by all the means at the command of the physi- 
cian; and treatment cannot be directed from tbe laboratory. 

It may, at this point, occur to tbe reader that the approach outlined here 
is, after all, in accord with usual practice, and that it poses no new doctrine. 
This may be substantially true. It is hoped, however, that tin's presentation 
does clarify certain factors in our present tendencies, and emphasizes certain 
dangers due to attempts to experiment in several directions at the same time. 
It is not unusual, for instance, to find all three of the major antianemic at- 
tacks being applied at once. This is unscientific and certainly, to say the least, 
uneconomical. It also makes for difficulty in gauging dosage and in evaluating 
results. In other forms of therapy, we deprecate shotgun prescription, why 
not in antianemic therapy? It is not unusual also to find an assumption that 
the patient has pernicious anemia governing the use of liver or ventriculin 
therapy. No results are forthcoming and therapeutic skepticism is immediately 
created. Perhaps a careful analysis of the indices might show a lack of pig- 
ment saturation and a need for iron instead of liver*, or perhaps the analysis 
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might reveal anemia requiring" other methods. It should be said, in passing, 
that the almost universal use of liver or other antipernieious anemia prepara- 
tions for all types of anemia has unfavorably influenced the cost of treatment 
for that group that specifically needs this. 

In Conclusion . — While exclusive reliance is not to be placed upon the labo- 
ratory in the study of anemic patients and in the control of their treatment, we 
cannot intelligently forego the measurable dii’ectional aid that will be available 
if certain laboratory studies are called for in intelligent fashion, and then 
evaluated in the light of clinical judgment and experience. Patients should 
not be treated uniformly. If we approach by way of the laboratory, in part at 
least, the exceedingly difficult problems presented in the diagnosis and treat- 
ment of the anemias, the attack will be direct, the control intelligent and the 
therapeutic results as good as can be expected. 


THE EFFECT OF JAUNDICE ON INTRADERMALLY INJECTED 

SALT SOLUTION® 


J. M. Moka, M.D., and F. J. Jirka, M.D., Chicago, III. 


S INCE the intraeutaneous salt solution test was described by McClure and 
Aldrich in 1923, 1 it has been studied in a variety of conditions with inter- 
esting results. Normally, the wheal produced by injecting 0.2 c.c. of 0.85 per 
cent aqueous solution of sodium chloride intradermally persists for sixty min- 
utes or more. McClure and Aldrich 2 noted rapid disappearance of the wheal 
in edema, the disappearance time being roughly in inverse ratio to the degree 
of edema at the site of injection. Similar reduction of the disappearance time 
of the intradermally injected salt solution was subsequently noted in acute 
infections as scarlet fever and diphtheria, 3 lobar pneumonia, 4 toxemias of preg- 
nancy, 3 areas of deficient circulation, 0 serum sickness, 7 and thyrotoxicosis.® Pro- 
longation of the disappearance time was found by Thompson 8 in myxedema. 
White and Irvine Jones 10 have shown that the disappearance time is not affected 
by the hydrogen ion concentration, the osmotic pressure, or the salt balance of 
the injected fluid. Neither the blood flow through the injected part nor the 
immersion of the injected extremity in hot or cold water has any notable 
effect. The disappearance time is also not influenced by the concentration of 
the nonprotein nitrogen, cholesterol, or sodium chloride in the blood plasma 
If is, however, definitely diminished by injecting minute amounts of adrenalin 
with the salt solution or by the direct application of cold to the local area of 
injection. 

In the course of some other work, we noted rapid disappearance of the 
■saline w heat cases ot jaundice. Investigating the matter further we studied 
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carefully fifteen cases of well-marked jaundice (of hepatic origin). The series 
included eleven women and four men ; the youngest was twenty-nine years of 
age, the oldest sixty-five years. The nature of the lesion in eacli case is given 
in Table I. The test was performed according to the original technic of Mc- 
Clure and Aldrich, the wheals being made on the flexor surface of the right 
forearm below the cubital fossa, and the end-point determined by palpation. 


Table I 

Table Showing Complete Protocol 


NAME 

AGE 

SEX 

LESION 

DISAPPEARANCE TIME 
(MINUTES) 

ICTERUS INDEX 

1. G. W. 

50 

F. 

Syphilitic cirrhosis of 
liver 

(1) 30 

(2) IS 

(3) G 

(1) 27 

(2) 34 

(3) 40 

2. M. G. 

G5 

M. 

Carcinoma of head of 
pancreas 

(1) 28 
(2) 22 
(3) ~7 

(1) 12 

(2) 44 

(3) GO 

3. F. L. 

53 

M. 

Carcinoma of common 
bile duct 

(1) 13 

(2) 12 

(3) 4 

(1) 02 

(2) 75 

(3) 112 

•1. M.W.* 

54 

F. 

Choledoeholithiasis 

(1) 32 (4) 70 

(2) 32 (5) G4 

(3) 4S (G) 80 

(1) 48 (1) 11 

(2) 42 (5) 7 

(3) 24 

o. C.L.* 

39 

F. 

Choledocholithinsis 

(1) 24 (4) G5 

(2) 37 (5) GS 

(3) 4S (G) 78 

(1) 60 (1) 12 

(2) 42 (5) 9 

(3) 30 

G. ICA.* 

50 

F. 

Choledoeholithiasis 

(1) 38 (4) 75 

(2) 30 (5) S4 

(3) 52 - (G) 7S 

(1) 52 (4) IS 

(2) 26 (5) S 

(3) 22 

7. I.M. 

29 

F. 

Acuto catarrhal jaun- 
dice 

shh 

■ i 

mm 

8. C. S. 

49 

F. 

Toxic hepatitis (drug 
poisoning) 

(1) 22 (4) 14 

(2) 17 (5) 10 

(3) 14 

(1) 72 (3) 70 

(2) 64 (4) S4 

9. A.M. 

58 


Carcinoma of head of 
pancreas 

(1) 35 (4) 40 

(2) 37 (5) 3G 

(3) 35 

(1) 30 (3) 4S 

(2) 36 (4) 54 

10. A. H. 

58 


Carcinoma of head of 
pancreas 

(1) 40 (4) 22 

(2) 31 (5) 56 

(3) 26 

(1) IS (3) 36 

(2) 30 (4) 44 

11. O.T.* 

52 

F. 

Choledoeholithiasis 

(1) 3S (4) 40 

(2) 30 (5) 56 

(3) 24 (6) 70 

(7) 72 

(1) 30 (4) 30 

(2) 36 (5) 18 

(3) 44 (6) 12 

12. M. D.* 

49 

F. 

Carcinoma of head of 
pancreas 

(1) 28 (4) 34 

(2) 15 (5) 54 

(3) 30 (6) 66 

(7) 62 

(1) 70 (3) 24 

(2) 38 (4) 14 

13. M.C.* 

45 

F. 

Choledoeholithiasis 

(1) 34 (3) 65 

(2) 45 (4) 68 

(1) 3S 

(2) 18 
(3) 10 

14. W. S. __ 

67 

M. 

Carcinoma of rectum 
with hepatic metas- 
tases 

IISIKIE9HI 

(1) 22 

(2) 40 

(3) 76 

15. I.M.* 



Choledoeholithiasis 

tHHEl 

(1) 16 
(2) 20 
(3) 12 


otprUk indicates that some operative procedure was carried out designed to correct 

the pathofolic condition and diminish the jaundice. 



































































MORA- J IRKA : EFFECT OF JAUNDICE ON SALT SOLUTION 


721 


The disappearance time of the wheal (in minutes) as given in the table repre- 
sents the -average of many tests performed at intervals, and cheeked up by 
determinations of the icterus index. A control series of injections was made 
in another group of patients with gallbladder and hepatic disease without 
jaundice. Care was taken to exclude from this study any patient exhibiting 
fever and cardiac or renal damage. 

In fourteen of the fifteen cases studied it was found that as the jaundice 
increased the disappearance time of the saline wheal decreased, and when the 
jaundice began to diminish, the disappearance time became prolonged and ap- 
proached or reached the normal. In only one case (Case 9, Cook County Hos- 
pital No. 1,309,634-} was there no demonstrable change. (No explanation for 
this is offered at present but the suggestion is ventured that there may have 
been irreversible chemical changes in the cells because of the jaundice.) 

The exact mechanism of this interesting test is not entirely clear. Guggen- 
heimer and Hirseh 11 offered a mechanical hypothesis to explain the rapid absorp- 
tion of salt solution by edematous tissues. Cohen 12 and his colleagues believe 
that the mechanism of reaction is that of an increased affinity of the tissues for 
the water, based largely on the work of Fischer’ 3 who postulated that the nor- 
mal turgor of a tissue depends on the physical state of its colloids and that 
edema results whenever the water-holding power of its colloids is increased 
and when a supply of free water is available. It is possible that the profound 
physicochemical changes occasioned by jaundice injure the cells in such a way 
as to alter their permeability or their chemical reaction. Belicoff 14 calls atten- 
tion to the fact that the skin is an active organ, capable of reacting to various 
stimuli, and able to bring into play all available defensive mechanisms. 
Natlel V s work seems to show that the resorption of intracntaneous physiologic 
salt solution depends on several factors : the state of the peripheral blood ves- 
sels, the vegetative nervous system, elasticity of the skin, temperature, degree 
of intoxication, age, etc. The chemical changes in the skin may not be without 
some significance. The shortening of the disappearance time, therefore, cannot 
be looked upon as entirely due to tissue thirst. Acllersberg and Perutz 10 have 
even produced some evidence of a centrally acting mechanism. 


SUMMARY 


The intracntaneous salt solution test was studied in fifteen eases of jaundice 
(hepatic). In fourteen of the fifteen cases there was a definite relationship 
between the severity of the jaundice and the disappearance time of the saline 
wheal. With increasing jaundice the disappearance time of the saline wheal 
decreased; with diminution in the severity of the jaundice the disappearance 
time of wheal became prolonged and approached or reached the normal. 
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THE DIFFERENTIAL COUNT AT HIGH ALTITUDES 3 


R. F. Peterson, M.D., Butte, Mont., and 
W. G. Peterson, Warren, Minn. 


TN 1933, Stammers 1 reported a study of the polymorphonuclear-lymphocytic 
1 ratio at an altitude of 5,750 feet. This altitude corresponded so closely to 
that at Butte, Montana, that it was decided to make a eon-esponding study 
here. The official altitude of Butte (Lat. 45° 57' N. ; Long. 112° 30 ' W.) is 
5,755 feet, although it varies from 5,527 feet to about 6,400 feet. 

Stammers found averages of 54.20 per cent polymorphonuelears and 39.72 
per cent lymphocytes in his study of blood pictures in 171 healthy young 
adults. This percentage of polymorphonuelears was 14 per cent below, and 
that of lymphocytes approximately the same amount above the respective 
averages of 68.2 per cent polymorphonuelears and 25.8 per cent lymphocytes 
which he found in twelve textbooks. These averages were presumably given for 
areas near or at sea level. Almost all the textbooks which we use give per- 
centages slightly lower than 68.2 per cent for the polymorphonuelears, and 
also give the figures in round numbers, such as “60-70 per cent,” “about 65 
per cent/’ and “62-64 per cent.” Earliart, 2 quoting Schilling, gives the nor- 
mal range for polymorphonuelears as 54 to 72 per cent, the average being 67 
per cent. Together they average about 65 per cent. 

Clark 's 3 experiments and survey of the literature show that ultraviolet 
light stimulates a relative lymphocytosis in both man and animals. People 
living in relatively higher altitudes would naturally be exposed to more ultra- 
violet radiation from the sun than those living at lower altitudes, and this fact 
is given as the most plausible explanation for relative lymphocytosis at these 
altitudes. 

Johannesburg, Africa (Lat. 26° ll'O), where Stammers made his study is 
much closer to the equator than is Butte. It also receives a greater percentage 
of sunlight, 73 per cent, compared with 57 per cent for Butte ;t Switzerland 
40 per cent; and London 29 per cent. The logical conclusion from these facts 
is that it receives even more ultraviolet radiation than Butte. 

The following study was made on young healthy adults whose ages aver- 
aged 24.3 years, and most of whom had lived at this altitude all their lives, 
though a few had been here for shorter periods. They were nearly all prospec- 
tive blood donors or students, and all were questioned about illnesses, especially 
eobls. As said before, the study was primarily undertaken to determine the 
polymo rphonuclear-lymphocytic ratio, but a complete blood count was done 


•From tliu Murray Clinic. Butte, Mont. 
Received for publication. September 14 . 193' 
t Figure for Helena. Mont, north of Butte. 



724 


THE JOUUXAI, ()!•’ l.AUOKATOKY AND CMXICAI. MEUK'IXi: 


on all subjects to exclude any possibility of deviation due to unexpected varia- 
tion in hemoglobin, red or white cell counts. Only one subject was excluded 
and that was a woman who showed a marked secondary anemia, though it was 
later seen that her polymorphonuclear ratio was practically the same as the 
average of the whole group. Thirteen showed unexplained white counts over 
ten thousand, from 10,500 to 15.100. but the average polymorphonuclear ratio 
of these was only about 2 per cent higher than the total of the whole group. 

Alvarez 4 has found that at sea level a barometric low produces a tempo- 
rary leucoeytosis. The barometer at Butte usually hovers around (518 nun. 
of mercury, with variations to approximate limits of (iOO mm. and 025 mm. The 
deduction from these facts could be made that the low pressure increased the 
total number of leucocytes, but so-called normal variations of the total white 
counts are probably higher than usually given. Experiments at the Washing- 
ton Square College of New York University'' revealed white counts ranging 
from 4.700 to 11,500 in persons at rest, and that mild activity produced no 
constant effect on the count. In our study, the low and high counts were 
4,050 and 15.100, respectively, the average on all subjects being S.2G0. 

The hemoglobin readings were done with the Dare, and were read and 
reread by two persons familiar with that instrument. The red and white 
counts were thoroughly mixed by automatic shaker and by hand before being 
counted. Smears were stained with Wright’s stain and 300 cells were counted 
from all portions of the slide unless the distribution was uneven, when more 
were counted. 

One hundred subjects were studied. 25 women and 75 men. The following 
tables of hemoglobins, red and white counts are not from a large enough series 
to permit of definite conclusions but are of interest in addition to the main study. 


Table i 



HEMOGLOBIN . 

(DARE) KK VT...lOC\ TES 

LEUCOCYTES 

Average of all (100) 

S3.S894 3,037,600 

S,2G0 

Average of men (7.1) 

SG.7S% 3,172,000 

8,350 

Average of women (23) 

83.1 6% 4,630,000 

7,980 

• 

Table II 


The liEsri.T.s 

or THE DlEEKltEX'ITAI. COUNTS 


CELLS 

RANGE 

MEAN 

Polyinorphonuclcars 

33.3-72.3 

54.36 

Lymphocytes 

19.0-33.0 

36.26 

Monocvtcs 

2.3-15.0 

6.33 

Eosinophiles 

0.0- 6.5 

2.00 

Basophiles 

0.0- 2.0 

0.645 


In comparison to this, Stammers found a mean of 54.20 per cent for poly- 

morphonuelears. 

Sachs 0 working in Transvaal at an altitude of 4.392 feet above sea level, 
found a mean of 54.70 per cent in 81 individuals, so that these three different 
results are within 0.5 point of each other. 
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Ruppa liner* examined the bloods of healthy adults at altitudes of l,/50 
meters (5,741 feet) and 2,250 meters ( 7,382 feet) above sea level in the Swiss 
mountains with the following results : 

1, For eight native men, altitude 1,750 m. (5,7-11 feet) the average leuco- 


cytic formula was as follows: 

Total leucocytes 5,775 

Neutrophile 49.85% 

Lymphocyte 48.25% 

Large mononuclears and transitional forms 8.85% 

Eosinophile 2.75% 

Mast ceils 0.3 % 

2. In twelve native women, altitude 1,750 m. (5,741 feet) 

Total leucocytes 7,250 

Neutrophile 59.00% 

Lymphocyte 31.4 % 

Large mononuclears and transitional forms 7.35% 

Eosinophile 3.85% 

Mast cells 0.4 % 


3. In thirty-nine men visiting for a period of from several weeks to a year, 


altitude 1,750 m. (5,741 feet) 

Total leucocytes 0,740 

Neutrophilc 58.75% 

Lymphocyte 29.2 % 

Large mononueleais and transitional forms 8.6 % 

Eosinophile 2.95% 

Mast cells 0.5 % 

4. Visiting women, altitude 1,750 m. (5,741 feet) 

Total leucocytes 7,080 

Neutrophilc 00.0 % 

Lymphocyte 30.75% 

Large mononuclears and transitional forms 7.0 % 

Eosinophile 1.0 % 

Mast cells 0.3 % 

5. Twelve men, altitude 2,250 in. (7,3S2 feet) 

Total leucocytes 7,070 

Neutrophilc 00.2 % 

Lymphocyte 30.0 c / 0 

Large mononuclears and transitional forms 9.0 % 

Eosinophile 4 0 

Mast cells g ■> ,f 0 


After examining a group of healthy subjects immediately after and for 
some time after their arrival in the mountains, Ruppanner states that the evi 
donee indicated that the normal leucocytic formula at high altitudes shows a 
normal or slightly lower total number of leucocytes, neutropenia lympho- 
cytosis, and a slight degree of mononucleosis. ’ 

... n»rt"<«n’ .tuJtal the bloods of o.o.oberx „r the Go,™,, expodHio,, 
Himalayas m \ ‘>41 and gives the results as shown hi Table III. 

lie observed signs of regeneration more marked in the red cells -it 
altitudes than at low altitude?*. ‘ 1 
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Table HI 






Elevation in 

Meters 




TYPES or 


i 2S00 

1 4400 j 

5600 

6300 

6600 j 

7200 j 

7600 

1 600 

CELLS 

0 

(9184) 

FT. 

(14,432) 
rr. j 

(18 V 3GS) 

FT. 

(20,GG1) 

FT. 

(21,0*18) j 

FT. 

(23, GIG) 

FT. 

(24,928) 

FT. 

(196S) 

IT. 

Eosinophile 

Rod-shaped 

397 

1 ® l '° \ 

i 2 * 

j 3% 

3% 

3% 

3 X 

2 % ; 

37c 

nucleus 

Segmented 

1 

o 


1 

1 

1 

o 

.* 

1 

1 

nucleus 

Lympho- 

64 

! 44 

I 

| .-0 

i 

54 

56 

5S 

61 

63 

52 

cytes 

Large mono- 

29 

! 45 

1 

42 

j 39 

37 j 

1 ; 

32 

t 

27 

j 

29 ! 

i 

j 

40 

nuclears 

3 

1 4 

1 3 

3 

! 3 

6 

0 I 

5 ! 

4 


An unrecalled reference stated that the eosinophiles increased in percentage 
toward summer as the sun’s rays became stronger. It happened that this work 
was done in the winter of 1933-1934 and the spring of 1934. The two seasons 
were arbitrarily divided in March and the first 57 taken in the winter showed 
an average of 1.S7 per cent eosinophiles; the last 42 taken in the spring 
showed an average of 2.21 per cent eosinophiles. These figures would tend to 
bear out the findings of the writer whom we cannot recall. 

SUMMARY 

1. Our findings agree with those of other writers that a relative lympho- 
cytosis occurs at high altitudes. 

2. This means a decrease of from 10 to 14 per cent in the polymorplio- 
nuclears in contrast to what might be expected at sea level, which fact must 
be taken into consideration when making a diagnosis or prognosis. 

3. A slight increase (0.34 per cent) in eosinophiles was found in the 
counts taken during the spring months as compared to those taken during 
the winter months. 

4. Thirteen per cent of the group of 100 healthy young persons are found 
to haA’e a total leucocytic count over the usually accepted upper normal limit 
of 10,000. 
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ARE BRUCELLA ABORTUS AGGLUTININS IN THE BLOOD STREAM 
PRODUCED BY ACTIVE OR PASSIVE IMMUNIZATION ?* 

C. Emelia Peterson, A.B., M.A., San Francisco, Calif. 


INTRODUCTION AND HISTORICAL 


T HIS study was undertaken in an attempt to determine whether the pres- 
ence of Brucella abortus agglutinins in blood serum indicates active or 
passive immunity. "When this work was started there was a cpiestion as to 
whether specific abortus agglutinins in human blood were of sufficient diag- 
nostic value to determine active abortus infection when cultural findings from 
the blood and urine are negative. Although it was later found that Brucella 
abortus does occur in the blood stream of man, the above question still re- 
mained of academic interest, as its interpretation is of significance in cases 
where a high agglutination titer is obtained when the blood and urine cul- 
tures are negative. 


Specific agglutinins for Brucella abortus in the blood stream of human 
beings have been reported by various investigators who were unable to de- 
termine whether their results indicated active or passive immunity. Larson 
and Sedgwick, 1 ’ 2 after examining the blood sera of 425 children consuming 
market milk, found 17 per cent to contain antibodies against Brucella abortus 
by the agglutination and complement fixation tests. In two other groups 40 
per cent and 48 per cent of the serums, respectively, were positive for Brucella 
abortus. As they had previously succeeded in infecting guinea pigs by feed- 
ing market milk known to contain Brucella abortus, they did not believe pas- 
sive immunity so highly probable but were of the opinion that active immunity 
may have arisen as a result of infection. Children fed milk from a clean 
herd did not develop antibodies for Brucella abortus. Cooledge 3 fed raw milk 
of high antibody content to human subjects and concluded that antibodies 


in the blood stream of human beings are the result of passive immunity due 
to the absorption of antibodies from the milk and not to infection. The fact 


that the individuals were apparently healthy at all times during the feedin- 
experiments indicated to him that there was no active immunity. Wilson 
and Nutt 1 stated that antibodies were present in a certain proportion of milk- 
consuming children and in a still lower proportion of adults. They were 
doubtful as to whether this was the result of infection or absorption of anti- 
bodies present in the milk. Carpenter and Boak= fed heated milk containing 
Brucella abortus and their respective agglutinins in high titer to two -roups 
ofmak- students. They were unable to demonstrate agglutinins in thei “blood 
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.sci urns and concluded that Brucella abortus agglutinins in human blood serum 
are the result of active infection. Carpenter and Kin*;' 1 state in their “Sym- 
posium on Cndulant Fever’’ that “the presence of specific abortus agglutinins 
is evidently a result of an active infection instead of a passive absorption of 
such antibodies from drinking milk containing them.” They contend that 
undoubtedly some of the agglutinins from the milk serum are absorbed, but 
because of the great dilution factor due to the amount of blood in the tissues, 
they cannot be demonstrated. 


KX l'llltl. MENTAL 

A series of experiments was undertaken in which groups of guinea pigs 
were fed living Brucella abortus cultures and Brucella abortus agglutinins. 
As recent reports of successful oral vaccination suggested that active immu- 
nity might follow the ingestion of dead bacteria, a series of tests using killed 
Brucella abortus was also included. 

mtocEtnuE 

Healthy normal guinea pigs were placed in clean metal cages in groups 
of six. Each cage was supplied with from 200 c.c. to 350 c.c. of pasteurized 
milk daily, this not only serving as a substitute for water but also as a con- 
venient means of administering the antigens and serum in desired amounts. 
Two strains of lirucclla abortus, (.’ .M-!)() isolated from certified milk and C6-3 
cultured from the spleen of a guinea pig inoculated with milk from a cow 
infected with Brucella abortus, were employed in feeding. On finding these 
to have become unsatisfactory, strains 11-1751 and 11-17(57 isolated from calf 
fetuses, were obtained from Professor Hart of the University of California. 
Suspensions of living bacteria were made by washing tip forty-eight-hour 
Blake bottle cultures in 50 c.c. of sterile physiologic salt solution. Killed 
antigens were similarly prepared by heating- for one hour at (50° C’. or by 
adding 0.18 per cent formalin, sterility tests being carefully checked before 
use. Uniform dosages were insured by standardization in Hopkins vaccine 
tubes, 6.25 c.c. of a 1 per cent suspension or its equivalent constituting the 
daily dosages (approximately 10 billion bacteria). 

Specific agglutinins were obtained by inoculating goats subcutaneously 
with 5 c.c. of killed Brucella abortus at weekly intervals. Titers, checked once 
a month, ranged from 1-5,120 to 1-10,240. sufficient serum being added to the 
milk to give the desired titer. 

After each guinea pig was weighed and found to be negative for Brucella 
abortus agglutinins, feeding was commenced. Weights and titers were re- 
corded once a month during the period of feeding. If the agglutination tests 
were positive in an appreciable titer, the animals were sacrificed and examined 
for typical lesions of Brucella abortus infection. Spleens showing enlargement 
or suspicious lesions were cultured on plain agar slants and incubated in 10 
per cent carbon dioxide. Growth of organisms morphologically resembling 
Brucella abortus was serologically checked by the agglutination test. Feed- 
in- was continued for several months if the animals had developed no titers. 
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RESULTS 

Experiment 1— Two series of guinea pigs were run concurrently using two 
strains of Brucella abortus, 06-3 and CM-90. 

Scries (1): Two sets of six guinea pigs each were placed in separate 
cages, one set being fed 6.25 e.c. of a 1 per cent suspension of living Brucella 
abortus 06-3 in 350 e.c. of milk, and the other 350 e.c. of milk only. 

Daily feeding was discontinued thirteen days later upon finding this 
strain of Brucella abortus to have become avirulent and overgrown, with 
gram-positive sporulating rods. A fresh antigen was prepared from strain 
H-1751. The animals were rechecked for abortus agglutinins and on being 
found negative, feeding was resumed again in five weeks. 

One month later titrations were made. The animals fed living culture 
showed titers ranging from 1-320 to 1-1280. Autopsies revealed swollen, 
mottled spleens ranging from one and one-lialf to four times normal in sine. 
Cultures showed pure growth of Brucella abortus. The controls showed no 
agglutinins at this time, one having died from an undetermined eause. Three 
and one-half months later, three controls gave titers of 1-10 and cultures of 
the spleens of two of these showed growth of Brucella abortus * Cultures 
made from the spleen of the remaining pig and the two others which developed 
no agglutinins, were negative after prolonged incubation, although one showed 
growth of a streptococcus. 


Scries (2A): Two sets of six guinea pigs each were fed 350 e.c. of milk 
containing 6.25 c.c. of a 1 per cent suspension of living Brucella abortus 
0 M-90 and 350 c.c. of milk, respectively. After thirteen days, feeding was dis- 
continued as this strain of Bnccella abortus grew very sparsely making it 
difficult to prepare sufficiently large amounts of antigen. 


Five weeks later, before feeding was to be resumed with a new antigen, 
titrations were made. The living culture series was found to agglutinate 
Brucella abortus completely in a dilution of 1-160. A subseejuent titration 
sixteen days later showed titers ranging from 1-640 to 1-10,240. Autopsy 
showed spleens in five guinea pigs which were mottled and enlarged from 
one and one-half to three times. All gave pure cultures of Brucella abortus. 
The controls had developed no agglutinins. Spleens of all controls were nor- 
mal in appearance and cultures were negative for Brucella abortus. 


Series (2B): The experiment was resumed by feeding six guinea pms 
6.25 e.c. of a 1 per cent suspension of living Brucella abortus H-1767 in 350 
c.c. of milk, and another six animals 350 e.e. of milk only. 


In twenty-one days, the guinea pigs fed living organisms had lost weight 
and had developed titers ranging from 1-40 to 1-80. Feeding was continued 
and five weeks later titers ranged from 1-1,280 to 1-10,240. At autopsy one 
spleen was normal in size, the remaining five being enlarged two to ’four 
times. All were characteristically mottled and Brucella abortus was recovered 
m_pure culture in each ease. Of the control series, five were still living at 


•Investigation determined that in dailv cleaning 
control series had been contaminated with small dosejfo H ie Reeling- pans of the 
tho discrepancies. This was carefully controlled in “u Ltcr cxp" r“mente!' US accountin S {or 
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three and one half months, one having died previously from an unknown 
cause. Three gave suspicious agglutination tests in 1-10 and two were nega- 
tive. Autopsy findings and cultures of all were negative for Brucella abortus, 
one culture, however, showing a streptococcus contamination. 

It is evident from these experiments that living Brucella abortus admin- 
istered orally to guinea pigs results in active infection. Agglutinins in rela- 
tively high titers are developed and autopsy findings reveal typically mottled 
and usually enlarged spleens from which Brucella abortus can be successfully 
isolated. 

Experiment II. — Twelve guinea pigs were separated into two eases of six 
animals each. The animals in one cage were fed 350 c.c. of milk containing 
Brucella abortus agglutinins in a titer of 1-80 which is higher than any titer 
observed in raw milk in this laboratory, those in the other cage receiving milk 
only. After daily feeding over a pei'iod of seven, months, no agglutinins were 
detected in the blood of the test series, the controls likewise being negative. 

A suggestion was made by Professor Hart of the University of California 
that a 1-80 dilution of Brucella abortus agglutinins might not be sufficient to 
induce passive immunity in guinea pigs to a degree high enough to be detected 
by the agglutination test. By verbal communication, he informed us that he 
had seen cow’s milk with titers considerably higher than 1-80. 

Fourteen young weaned guinea pigs -weighing from 150 to 200 gm. were 
segregated into two cages of seven animals each. Those in one cage were fed 
200 c.c. of pasteurized milk and sufficient goat serum to make an agglutinin 
titer of 1-610 which is eight times as concentrated as in the previous experi- 
ment. Those in the other cage received milk only. One of the test pigs died 
after two months from an unknown cause. Two control animals died within 
several months of streptococcus infections and one died after the first test 
bleeding. Titrations made at one- or two-month intervals showed no ag- 
glutinins for Brucella abortus in the test or control series after daily feeding 
over a period of five months. 

These findings indicate that the daily administration of Brucella abortus 
agglutinins to guinea pigs per os over a period of several months does not 
result in absorption of agglutinins to such an extent as to be detected by the 
agglutination test. 

Experiment 111. — Comparatively recent studies in the field of immunology 
have resulted in reports by various investigators on the possibility of successful 
vaccination by the oral route. This subject has been reviewed by Billows 7 and 
suffice it to mention that Hoffstadt and Thompson 8 have recently produced 
agglutinins in the blood serums of human subjects by oral inoculation of triple 
typhoid vaccine. They found no delay in the appearance of agglutinins over 
that of the subcutaneous method. Bile seemed to be an aid in the production 
of these antibodies. 

Two antigens, one killed with heat and the other with formalin, were pre- 
pared with each of the following organisms: Brucella abortus H-I751, B. 
typhosus Rawlings, and B. dysenteriae Shiga #201 (American Type Collec- 
tion) Sterility tests were carefully checked before use and all cages and 
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feeding pans were thoroughly cleaned and disinfected. After having been 
cheeked for the absence of agglutinins, sis groups of sis guinea pigs each 
were administered the above antigens in 300 c.c. milk, respectively. A seventh 
group of six animals, receiving milk only, served as a control. 

After daily feeding for seven mouths, no agglutinins had been stimulated 
by either antigen of the organisms tested. The controls were also negative. 

The effect of bile on the stimulation of agglutinins in guinea pigs fol- 
lowing oral administration of these bacteria was studied next. On being found 
free from agglutinins, each animal in cages of six, was fed 2.5 c.c. of bile in 
licorice powder. After being deprived of food and water for twenty-four 
hours, they were fed formalinized antigens of Brucella, abortus, B. typhosus 
Rawlings, and B. dysenteriae Shiga in 250 c.c. of milk, a control set receiving 
milk only. 

Daily feeding was continued for one month and at the end of this period, 
titrations failed to detect the presence of agglutinins for Brucella, abortus, B. 
dysenteriae Shiga, and B. typhosus. 

These experiments indicate that in guinea pigs the administration by 
mouth of large doses of certain killed baeteria daily even over a period of 
seven months does not stimulate the production of antibodies which can be 
detected by the agglutination test. Preparation of the intestinal mucosa with 
bile also failed to stimulate the production of these antibodies. 


DISCUSSION 


These results show that in guinea pigs agglutinins arise following an active 
infection with Brucella abortus. Dead bacteria administered by mouth in large 
doses do not stimulate the production of agglutinins in guinea pigs even though 
the intestine is previously prepared with bile. The administration of abortus 
agglutinins by mouth eight times as concentrated as usually found in infected 
milk does not result in absorption of antibodies to a degree that can be detected 
by serologic tests. The development of agglutinins for Brucella abortus in the 
blood of guinea pigs only after the administration of living bacteria indicates 
that agglutinins are the result of an active immunity following infection. 

By analogy, these experiments indicate that Brucella abortus agglutinins 
in the blood stream of human beings are undoubtedly the result of infection 
as first expressed by Larson and Sedgwick. 3 - 2 The feeding of large amounts of 
high titered serum daily to guinea pigs over a period of several months with 
no appearance of agglutinins would seem to indicate that agglutinins in human 
blood also have not been absorbed through the intestinal wall from milk con- 
sumed and are, therefore, not due to passive immunity as expressed by 
Cooledge. 3 The stimulation of active immunity by dead bacteria which mmht 
be present m pasteurized milk seems unlikely, as the number of bacteria 
present m milk for human consumption certainly would not compare with 
the excessive doses of bacteria used in these experiments. Therefore Bnrrtn 
abortus agglutinins vu human blood must indicate infection and active immu- 
nity, and their presence would suggest present or past infection even though 
urine and blood cultures are negative, ou ° n 
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CONCLUSIONS 

1. Daily feeding of specific abortus agglutinins over a period of seven 
months in the concentration usually found in milk did not result in the detec- 
tion of agglutinins in the blood of guinea pigs. Similar feeding over a period 
of five months with abortus agglutinins in a concentration eight times as 
great failed to show the presence of these antibodies in the blood of guinea 
pigs. 

2. Daily feeding of killed Brucella abortus cultures over a period of seven 
months did not result in the formation of agglutinins in the blood of guinea 
pigs. Results were also negative even though the intestinal mucosa was pre- 
viously prepared with bile. Control tests with B. typhosus and B. dysentenae 
Shiga showed no development of agglutinins for these organisms. 

3. Daily feeding of living Brucella- abortus cultures to guinea pigs pro- 
duced an active infection which was confirmed by agglutination tests and by 
recovery of Brucella abortus in pure culture from the spleens at autopsy. 

4. Our results indicate that in guinea pigs, specific abortus agglntinins are 
not due to jiassive immunity or reaction to killed abortus antigen, but are due 
to active infection with Brucella abortus. 
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eosinopiuha in syphilis* 


A Comparative Study of the Differential Leucocyte Counts in 
100 Positive aud 100 Negative Blood Wassermann Cases 


Ralph II. Spangler, M.D., Philadelphia, Pa. 


T HE practice of making routine differential leucocyte counts on all allergic 
patients and also in a majority of other new patients examined, and the 
finding of an eosinophilia (5 to 10 per cent and at times higher) in an occa- 
sional patient having no allergic clinical manifestations, a negative history 
of syphilis, and showing no syphilitic symptoms, but whose blood Wassermann 
test subsequently proved positive, has interested me for a number of years. 

A recent connection with the Medical Service of the Philadelphia County 
Prison, with its vast amount of clinical material among a yearly turnover of 
more than 30,000 men, offered the opportunity, through the courtesy of Dr. C. 
Y. White, director of Philadelphia Municipal Laboratories who had the Was- 
sermann tests made, to make a comparative study of the differential leucocyte 
counts in 100 men having positive and 100 men with negative blood Wassermann 
reactions at the Clinical Laboratory in Moyamensing Prison. 

Physiologists have not given us much positive information as to the normal 
function of the blood leucocytes. Numerous hypotheses have been suggested 
following many investigations as to their function in health and under various 
pathologic conditions, but the significance of the altered proportional relation 
of the cells in the differential leucocyte count in connection with various biologic 
and immunologic reactions is far from being definitely understood. 

With our increased knowledge the last few years of the part played by. the 
veticulo-endothelial system in the origin of blood cells, and with .more exact 
evidence on their biologic development we should be able by intensive and care- 
ful clinical observation to interpret more definitely the significance of the per- 
centage range of the leucocytes in the differential count. Indeed, the. differ- 
ential leucocyte count seems destined to furnish some of the most important 
'information of all the studies being made of the formed elements of the blood. 
The interpretation and evaluation of a study of the proportional percentage 
of the cells in the differential leucocyte count under various physiologic, im- 
munologic and therapeutic conditions is undoubtedly becoming of more aid 
to the clinician, and it is with this fact in mind that the present report is- 
submitted. 

lnrul. (Uilo. a .Tun n h 1 l^'nY ‘l 2. A " ? Su' ™ eeUnS ot the -delation for the Study of Allow. Olovo- 
for publication. -Anmist fi. 1934, 
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BLOOD FINDINGS IN SYPHILIS 

The literature on the whole is rather indefinite when one reviews the re- 
ported data on “Blood Findings in Syphilis." Certainly no typical or specific 
morphologic blood picture in syphilis is recognized, or has been established. 
Piney 1 says that the relation of syphilitic infection to “blood diseases” has often 
been discussed, but with very discordant results, and states that the whole sub- 
ject is extremely obscure. In connection with any blood picture in a patient who 
has a positive Wassermann reaction, it is important of course to eliminate other 
diseases. When syphilis is associated with any disease it is uncertain, to say the 
least, that syphilis is alone the causative factor in the altered blood picture, and 
it is especially necessary to rule out diseases commonly recognized as allergic 
in positive Wassermann cases whose differential leucocyte counts show an 
eosinophilia. 

SYPHILIS AND THE ERYTHROCYTES 

A rather extensive literature is available dealing with the effect of syphilis 
on the red blood cells, hemoglobin, color index, etc. In 192S Clyde L. Cummer 3 
of Cleveland reported a very comprehensive review of the literature on “Anemia 
and Other Blood Changes in Syphilis,” and recorded his own findings in 40 
consecutive cases of early (primary and secondary) syphilis. He especially 
investigated the anemia of syphilis and summing up from his own experience 
and from reports in the literature he concludes: “that there is no final proof 
that syphilis may produce an anemia of the pernicious type ; that syphilis may' 
merely' be associated with anemia and not be its actual cause ; that anemia may 
appear at any stage of the disease and is usually of a secondary’ type ; that in 
later stages of syphilis anemia may accompany' visceral changes, and may T be a 
feature of syphilitic cachexia; and that the anemia of late syphilis may' be ac- 
companied by splenomegalia, the clinical picture of which may r bear a close 
resemblance to Banti's disease.” 

THE LEUCOCYTES IN SYPHILIS 

From reports at hand in the literature the leucocytes in syphilitic infection 
seem not to have received nearly as comprehensive investigation as have the red 
cells. Piney 1 says “the. number of leucocytes are very' different in different 
eases.” He quotes Eyrie 3 (investigation of 100 cases) who found that “there 
are syphilitics with a normal number of leucocytes, those with a slight leueoey- 
tosis and others with a well-marked leucocytosis in about equal proportions.” 
He reports “no relationship between the severity' of the infection nor the extent 
of cutaneous manifestations, and the leucocytic blood picture.” He states that 
“cases with a definite leucocytosis usually show an immediate fall to about nor- 
mal as a result of treatment.” 

Pepper and Fax-ley* repoi-t that “an incx-ease of white cells xxp to 12,000, 
and even 20,000 is not unusual in secondaiy syphilis,” and say “that this rise 
is always due to an actual lymphocytosis; the lymphocytes foxming 50 per cent 
or even over 60 per cent of the increased total count.” Stokes 5 states; “The 
combination of moderate secondaiy anemia with lymphocytosis in women al- 
ways deserves a Wassermann test and a careful search for clinical signs.” 
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Iii Cummer's 2 review of the literature (1928) lie states that ‘ in certain 
eases of syphilis with enlarged liver and spleen the degree of leueocytosis, of 
the large lymphatic type, is such that lencemia may be suspected,” but con- 
cludes “that though syphilis may produce the blood changes of leucemia in 
certain cases, the picture is a simulated one as shown by necropsy observations.” 
A lymphocytic leueocytosis in congenital syphilis is reported by many clinical 
observers. 

Cummer further discussing the effect of syphilis on the leucocyte count 
quotes Hazen 6 who found that in untreated eases of syphilis there was a slight 
leueocytosis ; that severe cases showed a higher total count and a higher relative 
and actual neutrophilia than do the milder cases. He felt that patients showing 
a high lymphocyte and low neutropliile count responded better to treatment 
than those showing the reverse lymphocyte-neutrophile picture. Cummer also 
refers to Eason's 7 report of one patient with secondary syphilis in whose blood 
was found ‘ ‘ a fair number of eosinophilie and neutrophilic myelocytes. ’ ’ Zanca 8 
under the pseudoleucemic form of congenital syphilitic anemia refers to an 
“eosinophilie type” which he says is rare, but is accompanied by a great in- 
crease of eosinophiles. 

In the six differential leucocyte counts recorded in Cummer’s series of 40 
positive Wassermann cases, one patient showed a relative lymphocytosis, and 
another patient, complicated with an atrophic arthritis, had a 7 per cent 
eosinophilia in each of two counts. 

I have found no report recording a series of differential leucocyte counts 
in syphilis, and the findings in the present series of 100 cases appear to be unique 
so far as it has been possible to correlate them with the available reports fur- 
nished by the literature. 


METHOD OF INVESTIGATION 

Differential leucocyte counts were made on 21 patients with positive Was- 
sermanns who showed evidence of primary lesions, and on 9 patients who had 
secondary symptoms (skin manifestations). Then coincident with routine tak- 
ing of blood for Wassermann tests, in prisoners assigned to certain work, blood 
smears were made until we had accumulated 70 additional differential counts 
(making a total of 100) on men whose blood Wassermann tests were positive 
and 100 differential counts on men whose blood Wassermann tests were nega- 
tive. Among the 70 men with positive Wassermanns who presented no primary 
or secondary lesions, 23 admitted, after we had received the positive report on 
their blood, a syphilitic history, and that they had had previous antisyphilitie 
intravenous injections. Forty-seven, however, of the 70 with positive reactions 
were typical asymptomatic cases. They had no signs or symptoms of syphilis, 
denied a previous syphilitic history and did not know that their blood was posi- 
tive to the Wassermann reaction. In tile series of men giving positive reactions 
no men with a history of diseases commonly recognized as allergic were included 
although we found three eases of asthma and four of urticaria amon- men with 
positive Wassermann reactions. One rlian having a positive reaction was also 
found but not included m the positive Series, who had been receiving a bismuth 
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preparation intramuscularly and liad developed a marked exfoliative dermatitis. 
Xu tiivs patient total white counts of 26,400, 12,000, and 10,600 were recorded at 
irweekly intervals with the differential counts showing' respectively 37, 35, and 
08 per cent of eosinophile cells. There was no relative or absolute lymphocytosis 
present in this cane, the leueocytosis being of the polymorphonuclear neutro- 
philic type. The stools were negative for ova and parasites. 

While no cases of allergy were included in accumulating the differential 
counts in the series of 100 men showing negative blood Wassermann reactions, 
as a group they cannot all he considered normal subjects, since a few had a 
cardiovascular or a gastrointestinal disturbance and a number presented various 
neurotic manifestations for which in most instances there was some physical 
basis. Among differential counts made on men with negative Wassermann reac- 
tion but not included in the tabulated series were 2 eases of asthma, 2 of urti- 
caria, 1 of psoriasis, and 4 of generalized pruritus. Among the men with 
negative Wassermann reactions was also one man who had eosinophile counts 
of 20, 25, and 18 per cent, respectively, on different days over an interval of a 
month. Examination of his stools revealed the presence of Trieliuris trichiura. 
The total white counts in this case were 13,600, 15,200. and 10,200, the leuco- 
eytosis being of the polymorphonuclear type. 

It is realized that it would have made the investigation of more value to 
have included a total white count in each case and also to have counted 200 to 
400 cells instead of only 100 in each differential count, but the circumstances 
under which the work was done made such a procedure impossible. In 14 of 
the men having positive reactions we were able to make total white counts wkieh 
ranged from 5,200 to 12,000 but they are not considered in the analysis. We 
were, however, able to make eight differential counts on separate (lays, on each 
of six men with strongly positive Wassermann reactions and detailed hemograms 
of this smaller group are appended. 

The smears for differential counts were stained witli Wright’s stain, and 
in order to eliminate the personal equation in the technical counting of the blood 
all counts were made by Hiss Elizabeth Monaghan, a Ivolmer trained technician. 

THE NORMAL PERCENTAGE RANGE OP LEUCOCYTES IN THE DIFFERENTIAL COUNT 

As a basis of comparison and to interpret intelligently the findings in the 
present investigation, it is necessary briefly to refer to the normal range of the 
leucocytes in the differential count. Hematologists and physiologists are not 
agreed in stating what may be considered as the normal percentage range of the 
granular leucocytes — polymorphonuclear neutrophiles, eosinophiles, and baso- 
philes. There is rather general agreement as to the normal range of the 
lymphocytes and also of the large hyaline monocytes (which include the type 
of cell formerly designated transitional). 

Piney 1 states that in health the polymorphonuclears are about 60 per cent, 
the eosinophiles 3 or 4 per cent, the basophiles a fraction of 1 per cent , the 
lymphocytes 20 to 25 per cent, and the monocytes 4 to 8 per cent. Clough’’ 
says the polymorphonuclears constitute 60 to 65 per cent of the leucocytes in 
normal blood -/eosinophiles 0.5 to 3 per cent; basophiles 0.5 per cent or less; 
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lymphocytes 20 to 25 pci* ceut; monocytes 0 to 8 pec cent, leppei and. bailey 
say in adult human beings, the polymorphonuclears make up from 55 to 75 per 
cent of the total white blood cells; eosinophiles 1 to >1 per cent ; basopliiles 0.5 
per cent; lymphocytes 20 to 30 per cent; monocytes 5 to 10 per cent. 

' Howell’s 10 normal range of the various types of white blood cells is wide 
enough to include the normal limits of most hematologists, and in analyzing and 
comparing the findings in the present series of differential leucocyte counts in 
100 adult males with positive and 100 with negative Wassennann reactions the 
following normal range as given by Howell has been used -. Polymorphonuclears, 
60 to 75 per cent ; small lymphocytes, 20 to 25 per cent ; large lymphocytes, 1 
per cent or less ; eosinophiles, 4 per cent or under ; basopliiles, 1 per cent or less ; 
transitionals or hyaline monocytes, 2 to 10 per cent. 

There is general agreement that over 4 per cent of eosinophiles in the white 
blood count shall be regarded as an eosinophilia. Hematologists also generally 
agree there is no clinical advantage in distinguishing between the large and 
small lymphocytes, and that the normal range of the combined lymphocytes is 
20 to 25 per cent. In the present study, therefore, when the combined small 
and large lymphocytes total over 25 per cent a lymphocythemia is regarded- as 
being present; when the polymorphonuclears are above 75 per cent a neutro- 
philia is considered present; and since the basopliiles and large monocytes 'oc- 
curred proportionally in so small a percentage in this series and fell well within 
the recognized normal range they have not been considered. 


HEMATOLOGIC FINDINGS IN PRESENT STUDY 

For the purpose of hematologic analysis and clinical interpretation the dif- 
ferential leucocyte counts in the 100 men with positive and 100 with' negative 
Wassermann reactions in the present study are presented in the’ following sum- 
marized form: ... • 

In the seines of 100 men with positive blood Wassermann reactions the dif- 
ferential leucocyte counts show : ....... 

40% with an eosinophilia Eosinophiles, 5 to 10% 

74% with a lymphocythemia Combined lymphs, 26 to 50% 

10% with a neutrophilia Polynuclears, 76 to 89% 

In the series of 100 men with negative blood Wassennann reactions the dif- 
ferential leucocyte counts show: 


4% with an eosinophilia 
6S% with a lymphocythemia 
1G% with a neutrophilia 


Eosinophiles, 5 to 6% 
Combined lymphs, 25 to 53% 
Polynuclears, 76 to S7% 


When the “percentage range” of the cells in the differential, leueoevte 
counts of the 100 men with positive and the 100 giving negative Wassermann. 
reactions are compared with Howell’s “normal range,” as given above' several 
defimte and -tere.sting deductions appear. The most striking, howeve’r is the 
.h,t .,0 of ,00 with poBith-0 re " otiopB tie 
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presence of an eosinophilia, i.e., the eosinophile cells were above 4 per cent, 
Howell’s upper limit of the normal range. Two men had 10 per cent, two 9 
per cent, three 8 per cent, nine 7 per cent, eleven 6 per cent, and thirteen 5 per 
cent of eosinophiles in the differential counts. In only four of the men having 
positive reactions no eosinophiles were found in counting 100 cells per slide. In 
the series of 100 men with negative Wassermann reactions, however, only four 
showed the presence of a moderate eosinophilia. One man had 6 per cent and 
three had 5 per cent of eosinophile cells in the differential count, while in twenty 
of the men giving negative Wassermann reactions no eosinophiles were found 
in counting 100 cells per slide. 

The finding of a lymphocytic increase above the normal range in 74 per cent 
of the positive eases, and of a polymorphonuclear increase above the normal 
range in only 10 per cent of the positive cases confirm previous reports recorded 
in the literature that a lymphocytosis is a characteristic finding of syphilitic 
infection. 


CLINICAL ANALYSIS 

For the consideration of a more detailed clinical analysis and comparison, 
the differential leucocyte counts in the 100 men with positive Wassermann reac- 
tions are separated into four clinical groups which summarized reveal the 
following : 

Group I Includes 21 Cases With Initial Lesions: 

Nine (42.85%) show an eosinophilia Eosins, 5 to 10%. 

Thirteen (61.90%) show a lymphocythemia Lymphs, 26 to 48%. 

Four (19.04%) show a neutrophilia Polys, 76 to 85%. 

Group II Includes 9 Cases With Secondary (Skin) Manifestations: 

Four (44.44%) show an eosinophilia Eosins, 5 to 6%. 

Seven (77.77%) show a lymphoeythemia Lymphs, 26 to 45%. 

None show a neutrophilia Polys under 75%. 

Group III Includes 17 Cases Who Never Received Treatment and Who Did Not Know 
That Their Blood Wassermann Reaction Was Positive: 

Twenty-one (44.68%) show an eosinophilia Eosins, 5 to 9%. 

Tliirty-live (74.44%) show a lymphocythemia Lymphs, 26 to 50%. 

Three (6.38%) show a neutrophilia Polys, 76 to 83%. 

Group IV Includes 23 Cases Who Nad Received Previous Intravenous Treatment : 

Six (26.08%) show an eosinophilia Eosins, 5 to 7%. 

Nineteen (82.60%) show a lymphocythemia Lymphs, 26 to 40%. 

Three (13.04%) show a neutrophilia Polys, 76 to S9%. 

DISCUSSION OF CLINICAL GROUP FINDINGS 

The Eosinophilic Granulocytes . — In the entire series of 100 men with posi- 
tive Wassermann reactions (including the 77 in various stages of syphilitic 
infection and the 23 who had received chemotherapeutic treatment) 40 per cent 
showed the presence of a blood eosinophilia. Upon closer analysis in the clinical 
group classification it is of interest to note in Group 1 (men with initial lesions) 
and in Group 2 (men with skin manifestations) that the number of men showing 
an eosinophilia varied but slightly, being 42.85 per cent and 44.44 per eent, 
respectively. 
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It is more interesting, however, to find in Group 3 (men who showed no 
symptoms of syphilis, who gave a negative syphilitic history, and who did not 
know their blood Wasseriuann was positive) that the pet rentage of eases show- 
ing an eosinophilia is even a fractional percentage higher, 44.68 per cent, than 
in patients with, primary and secondary lesions (Groups 1 and 2). Then in 
Group 4 (men who had received intravenous therapy) we find that the number 
of men showing an eosinophilia drops to 26.08 per cent, slightly more than half 
as high as the untreated men in various stages of the disease (Groups 1, 2, 
and 3). 

The Lymphocytes . — The combined small and large lymphocytes in the en- 
tire series of 10 0 men with positive Wasseriuann reactions were above Howell’s 
normal range (20 to 25 per cent) in 74 per cent of the cases. In Group 1, the 
men showing initial lesions, 61.90 per cent showed a lymphocythemia ; in Group 

2, men with secondary (skin) manifestations, the number of men showing an 
increase of lymphocytes above the normal range was 77.77 per cent; in Group 

3, men who had no symptoms and did not know they had positive blood Was- 
sermanns, 74.44 per cent showed a lymphocythemia; while in Group 4, the men 
who had received previous intravenous therapy, the percentage showing a 
lymphocytic increase was higher than in the other three groups, 82.60 per cent. 

The Polymorphonuclear Neutrophiles . — In only 10 per cent of the 100 men 
with positive Wasseriuann reactions were the polymorphonuclear cells in the 
differential count above Howell’s upper limit of the normal range, 75 per cent. 
Their percentage range above normal was highest in Group 1, men with initial 
lesions, 19.04 per cent; while in Group 2, men with skin manifestations, in none 
of the men were the polys above 75 per cent in the differential count; in Group 
3, men with no symptoms or signs of syphilis, only 6.38 per cent of the cases 
showed a poly count above the upper limit of Howell’s normal range; and in 
Group 4, men with previous treatment, 13.04 per cent showed a neutrophilia. 

RECAPITULATION 


Briefly the chief findings in the series of 100 differential blood counts on 
100 nonallergic men with positive Wassermann reactions are.- 

First, that 40 per cent showed an eosinophilia ranging from 5 to 10 per cent 
Second, that in group 3, men without clinical symptoms and who did not 
know they had positive blood Wassermanns, the percentage of men showing an 
eosinophilia was as high (44.68 per cent) as the men with primary lesions (42.85 
per cent) and as the men with secondary lesions (44.44 per cent) . 

Third, that 74 per cent of the 100 men having positive reactions showed a 
lymphocythemia with a relative increase of the large lymphocytes 


HEMOGRAMS ON SIX MEN WITH POSITIVE (4-PLUS) WASSERMANN REACTIONS 

Appreciating the daily variability of blood counts in health and disease 
and realizing that our findings with only one differential count of 100 cells each 
in the four clinical groups totaling 100 men with positive Wassermann reactions 
are not unalterable conclusions, but may be regarded as only suggestive, a more 
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complete and intensive study was made on six men with strongly positive (plus 
4) reactions, whose stools were negative for ova and parasites and who had 
received no previous medication. Eight differential counts were made in each 
case on separate days within a period of two weeks. These forty-eight counts 
of 100 cells each are tabulated in the modified Schilling hemograms (Tables 
I,. II, and III). 

Table I 


He.mogra.us ox Six Men With Positive (Plus 4) Wassek.ua nx Bbactioxs 


Case 1. — W. P., colored, aged thirty-five years, married, one child. Wasscrmann plus 4, 

Jan. 2 and 5, 1933. 




- ■ 

| 0KAXCLAK LEUCOCYTES 


MONO- - 

PATE 

M’.B.C. 

YOUXG FORMS | 

| . MATURE FORMS | 

LYMPHOCYTES 

CYTES 



JIYELO. | BAND 

POLY. | EOSIX. | BASO. | 

1 SMALL | LARGE | COJIB. | 

(TRAXS.) 



Case 2. — C. A., colored, aged nineteen years, single. Wasscrmann pins 4, Jan. 2(5, 1933. 
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Taui.b III 


HEMOGRAM 


Case 5.- 

-W. B., white, aged twenty-two years, single. Wasseiniiinn plus 4 

March 

30, 1934. 




URANULAR LEUCOCYTES 





MONO- 










DATE 

W.B.C. 

YOUNG 

FORMS 

MATURE FORMS 




CYTES 


MYELO. 

band 

POLY. 

KOSIN. 

BASO. 

SMALL 

LARGE 

COMB. 

(TRANS.) 

4/11 


i 

0 

40 

s 

0 

38 

3 

41 

4 

4/12 


0 

0 

44 

10 

0 

40 

5 

45 

1 

4/13 


0 

0 

43 

7 

0 

43 

3 

46 

4 

4/14 


i 

i 

3S 

2 

1 

4S 

3 

51 

6 

4/15 


0 

0 

35 

0 

1 

50 

4 

54 

4 

4/1G 


1 

0 

37 

4 

0 

44 

12 

56 

2 

4/17 


0 

0 

50 

4 

0 

39 

O 

41 

5 

4/1S 

7400 

0 

0 

47 

9 

0 

37 

3 

40 

4 


Case 0.— L. J., black, aged thirty-four years, married, one child. Wassermann plus 4, 

Mar. 30, 1934. 


4/11 


0 

0 

42 

4 

1 

46 

2 

48 

5 

4/12 


0 

0 

35 

15 

0 

40 

4 

44 

6 

4/13 


0 

0 

45 

13 

1 

35 

2 

37 

4 

4/14 


0 

0 

oG 

0 

0 

30 

5 

35 

4 

4/15 


0 

0 

46 

8 

0 

34 

6 

40 

' 6 

4/16 


9 

1 

43 

0 

0 

40 

0 

45 

4 

4/17 


l 

0 

54 

10 

0 

27 

4 

31 

4 

4/18 

6800 

0 

0 

46 

4 

0 

37 

6 

43 

7 


SUMMARY OP HEMOGRAM FINDINGS 

The series of eight differential leucocyte counts made on each of six men 
with strongly positive (plus 4) blood Wassermann reactions, and tabulated lip- 
the modified Schilling hemograms, illustrates the importance of making repeated, 
counts on separate days if the occurrence of eosinophilia is not to be overlooked, 
In each hemogram from two to eight of the counts showed the presence of a 5 
to 15 per cent of eosinoi?hile cells. 

The findings in this smaller group on the whole confirm and tend to em- 
phasize that the suggested conclusions drawn from the series of 100 positive, 
cases may be considered on the average correct. Moreover, the counting of 100 
cells on eight different days is probably of more value in substantiating the 
periodic occurrence of a blood eosinophilia than would have resulted from the 
counting of 800 cells in two or three blood smears made on the same day It 
seems fair to presume, therefore, that had we made repeated differential counts 
instead of only one, in the series of 100 men with positive reactions, the per- 
centage of men showing a periodic occurrence of eosinophilia would have been 
much higher, possibly nearly 100 per cent. 

The eight hemograms also show the uniform presence of an increase of the 
lymphocytes and correspond to a similar finding in the series of 100 cases They 
confirm the reported findings in the literature of a lymphocytosis in syphilis 
The increased proportional ratio of large to small lymphs is most evident in the 
hemogram counts and suggests a shift to the left, since the lar-e Ivmplis are 
regarded by many hematologists as the younger form of cell 

The »’«»«'«'' Vohjmorphonudean in the sis hemograms are" 

uiiitorinl;- betorv the normal average. The younger forms of granule neutro 

<***• "" "’ , '' l0Cyh!S ** b “ a •» normal limils, so that here' 
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is no neutrophilic nuclear shift to the left. The large hyaline monocytes are 
also within the average normal range, so that no evidence of a monocytosis was 
present in any of the counts. 


COMMENT 

The Occurrence, Fossiblc Function and Significance of Eosinophilia .* — In 
I860 Wharton Jones 11 first distinguished finely and coarsely granular leucocytes 
in fresh blood. In 1S78 Ehrlich 1 '- observed that the coarsely granular variety 
has special affinity for eosin stain, and since then an increased occurrence of 
so-called eosinopliiles has been observed in a variety of conditions. Opie 13 re- 
ports the eosinophile as common to all mammalian species with an average 
number in man of 2 to 4 per cent. Sabin 11 has shown the percentage to vary 
from day to day and even from hour to hour. 

Clinically eosinopliiles first attracted attention and were regarded of diag- 
nostic importance when they occurred in increased numbers in certain of the 
intestinal and tissue animal parasitic infections; 13 the toxins of the parasites 
were believed to cause disintegration of the polymorphonuclear cells with a 
change in staining quality of the granules. With advancing knowledge and 
research in hematology, an increased percentage of eosinopliiles in the differ- 
ential blood counts began to be reported in a large variety of conditions, in- 
cluding many skin diseases; 13 some of the acute exanthemas, especially scarlet 
fever, 13 and the postfebrile stage of measles; some forms of tuberculosis, 10 
especially the intestinal variety; some cases of arthritis and rheumatism; 17 in 
some patients following the intravenous or intramuscular injection of the heavy 
metals, 13 mercury, bismuth, etc.; also following the injection of foreign pro- 
teins, 18 especially egg albumen, horse serum, and tuberculin ; 10 and as shown 
by me 20 following intramuscular injections of venom (G'rotalin) solution. 

The occurrence of an eosinophilia in asthma 21 (at times to a marked de- 
gree 16 ) had been noted for many years. Since about 1910, however, when Meltzer 
and Koessler independently first suggested the probable relationship of human 
hypersensitiveness and animal anapliylaxia, the presence of a greater or less 
degree of eosinophilia in allergic asthma has come to be regarded as a typical 
and a characteristic finding. 

A hyper eosinophilia occurs in some cases of Hodgkins’ disease, 13 in sple- 
nomegaly, in some leucemias especially in the early stage of myelogenous leu- 
cemia, and eases of familial constitutional hypereosinophilia 22 have been re- 
ported. The occurrence of a hypereosinophilia in isolated, sporadic instances 
of widely different etiologic and varying pathologic conditions, is difficult to 
account for in our present state of knowledge, and may be regarded as more or 
less of a hematopoietic curiosity, interesting and worthy of mention. The con- 
stant appearance, however, of a moderate degree of eosinophilia (6 to 10 or 15 
per cent) even if periodic, is a blood finding which occurs consistently enough, 
when searched for, in certain pathologic conditions and immunologic reactions 
to require an explanation. 

*The writer is Indebted to Dr. Huston K. Spangler for reviewing the literature on eosino- 
philia. 
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For many years physiologists and hematologists regarded eosinophiles as 
disintegrated or dead polymorphonuclear cells without any special significance. 
Today in studying the morphology of blood cells there is a general agreement 
that the polymorphonuclear eosinophilic granulocyte is a distinct cell entity 
and has its origin in adult life ehietly from the bone marrow, as do the poly- 
morphonuclear neutrophiles. It has long been assumed that the specific func- 
tion of the leucocyte depends upon the type of its granules. Why some granules 
take a neutral and others an acid or basic stain has never been satisfactorily 
explained. 

The neutrophilic granular leucocytes possess ameboid movement and have 
phagocytic power’. They contain a proteolytic ferment, are possessed of an 
intra- and extracellular (active in blood serum) digestive power, and are posi- 
tively chemotactic for pyogenic cocci (streptococcus, staphylococcus, pneumo- 
coccus, gonococcus, etc.) whose body substances contain protein material. 

The lymphocytes, on the other band, which are of lymphoid origin, have a 
relatively sluggish ameboid movement, are not phagocytic and elaborate a lip- 
olytic (fat splitting) ferment possessed of only intracellular digestive power 
(not active in the blood serum) and evidence has been adduced showing them 
to he positively chemotactic for tubercle bacilli and treponemes whose bodies 
contain fatlike substances. The fat splitting ferments of the lymphocytes have 
been found most active in an acid medium. 


The cosinophiles while of myelogenic origin like the neutrophiles, possess 
less ameboid movement. Phagocytosis is rarely observed and eosinopliiles have 
not been shown to produce proteolytic fennents as do the neutrophiles, or 
lipolytic ferments as do the lymphocytes, but apparently they have some special 
function related to the disintegration and removal of foreign protein from the 
tissues and in combating the toxins of parasites and certain bacteria. With their 
acid-staining granules eosinophiles would be expected to be most active in acid 
medium as are the lymphocytes. Eosinophiles have been shown to be respon- 
sive to the toxins of tubercle bacilli and as indicated by the findings reported 
in the present investigation there is clinical evidence that the eosinophile is also 
responsive to the toxins of the Spirocheta pallida. 

In recent years there has been a tendency to consider most eosinophilias, 
even those occurring in parasitic infections, skin diseases, the exanthemas, diph- 
theria and certain other microbie infections as a part of the general phenomena 
of allergy . The clinical and immunologic significance of a relative or actual 
increase of eosinophile cells in the blood has remained largely conjectural and 
without definite interpretation. 


Weber 23 states-. “ Eosinopliilia is to be regarded as a part of the general 
protective allergic reaction toward the presence in the body of foreign proteins 
or abnormal products of albuminous catabolic metabolism.” Foster 2 * does not 
believe that the foreign protein introduced as antitoxin is responsible for eosino- 
philia because in a huge series of cases injected routinely with serums in a hos- 
pi,»l for ****** diseases on] y tl.ose of diphtheria and tuberculosis produced 

■?" ■?“ / hl " liS * 0sim 01 diphtheria and tubercle 

Wll. themselves evert a posrt.ve chemotavis „„ the eosinophile cells of the 
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hematopoietic organs. Pepper and Parley* state that serum disease shows no 
eosinophilia, which would seem to support Poster’s observation. 

The finding of an eosinophilia in allergic conditions, in which antibodies 
have not thus far been demonstrable, might possibly be regarded as immunologic 
evidence that allergy and anaphylaxis are not of a similar mechanism. On the 
other hand, eosinophilia as a common finding in anaphylactic reactions in ani- 
mals M ' 2( ” 2r ' • s ’ 20 and also in allergic diseases in man, would seem to be an indi- 
cation of a related mechanism in the two conditions. 

Eosinophilia an Indication of Reactive Power of the Individual. — In giving 
therapeutically more than 20,000 intramuscular injections of venom (erotalin) 
solution, with differential blood counts made before and after injections, to more 
than 1,000 patients (including eases of epilepsy, asthma, hay fever, eczema, 
arthritis, migraine, etc.), my experience has shown that in those cases in whom 
an increase in the percentage of eosinophiles does not occur in from three to 
six weeks following weekly injections, clinical improvement of the symptoms 
will be doubtful. In other words, an increase of eosinophile cells following 
erotalin injections may be used as an indication of the reactive power of the 
individual and has served in my hands as a guide to dosage. 

The findings of Mueller, Otfried and Broesamlen 30 following the use of 
tuberculin, as a nonspecific agent, correspond to my experience with erotalin. 
They state their investigations indicate “that the increase in eosinophile cells 
following an injection was the surest sign of the reactive power of the patient 
against the toxin.” 

They made counts morning, noon, and night on the day preceding, the day 
of the injection and the day following, injection. If after three injections there 
continued a nonappearanee of the eosinophilia, the prognosis, as to the reactive 
power of the patient, was not good. Hence their conclusion was “that the be- 
havior of the eosinophilic cells can be considered as a general standard of the 
reactive power of the organism in its struggle against infections.” 

The present study of differential blood counts in patients with positive 
Wassennann reactions tends to indicate that a moderate eosinophilia occurs, 
and is diseoA r erable if repeated counts are made, at various stages of the pa- 
tient’s response to the specific toxin of the parasite of syphilis, in at least 40 
per cent or more of the cases. It seems reasonable to assume, therefore, that 
the eosinophilia occurring in syphilis may be regarded as distinct evidence of 
the blood’s reaction to the sensitizing (toxic) substance of the Spirorheta pal- 
lida, and that it is indicative of the patient’s development of an allergic cellular 
mechanism of defense. 

CONCLUSIONS 

1. With the hypothesis that eosinophilia is a criterion of allergy and with 
the finding of an eosinophilia in individuals with positive Wassermann reactions 
in various stages of syphilitic infection, the possible immunologic relation of 
allergy and syphilis would appear to justify careful study. 

2. With the admittedly high incidence of unrecognized syphilitic infection 
and the unknown basic factor of many allergic metabolic disturbances, any clue 
leading to a definite diagnosis and which may aid in solving the mechanism 
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involved in the systemic eosiiiophilogeuic response, would seem worthy of at- 
tention and investigation from an immunologic standpoint. 

3. Finally, it seems justifiable to conclude that a moderate degree of eosino- 
philia, especially when associated with a lymphocytosis, occurring even periodi- 
cally in an apparently nonallergic individual whose intestinal tract is free from 
ova and parasites, warrants the taking of Wassermann tests and the making 
of a persistent search for clinical evidence of syphilis. 
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a SIMPLE 1MWBH0D EOR THE DETERMINATION OE 

alcohol in biologic material* 

R. N. Barger, Ph.D., Indianapolis, Ind. 

A LARGE number of investio-,tm-c i,„ 

miuation of alcohol iu distillate f • ". P '“ p “ lil1 ‘“Mhods for the deter- 
prior to 1927 has been siinim-n-i- a blolo S 1,! material. The literature 

Nicolai.- The chief development! since w ‘“f ^ ^ '7'“ an<1 

ployed by Kionta aid HhteW * ^ ° £ ,he ■'''‘Aerometer, as em- 

Three methods m*p nf +i >/% 

method of Widmark 7 the are: tbe bichromate-iodide 

detti-Pilcher, 4 and the to 1 meth ° d ° f Gettl <*> Niederl and Bene- 
operate with as little 'as method. The first two are said to 

one scale division eorresponds°to O.OOoV° ’ *” the mtei ' ferometer method 

method has certain rather serious dn Cent ° f aIcollok However, each 
starch-iodide end-point usin- } mnrl ’ ^ acks ‘ In the Widmark method the 
sharp. Getfler’. ethyl ^ thiosulphate, is not very 

lather elaborate apparatus - also an intei f ° laumetuc procedure and requires 

is ia “ «■! - ,ms 

study of the metaboS^fTlcXl 8 * 11 Th''™ 8 deVel ° ped in Section with a 
ethanol varying from 0.02 m«- to 0 o » ^ -° d °P^ ra ^ es with quantities of 
has been in use in our laboratory and^to * r * 3pid and Vevy sim P le > and 
past four years with entirely satisfy/ ° , lllleaI lab oratories during the 
belongs to the bichromate tr roun - 7 resuIt f- In Principle the method 
referred to above. 1 - 2 An excess !n • , “ 3 modlfi cat.ion of certain methods 
Derome and Pepin, - the heat !vl , 3te is . e “Ployed, and, as shown by 
of sulphuric acid to 6 c.c. of the aouen UP °? a ? dm8 ' the saI phimc acid (5 e.c. 
is sufficient completely to oxidize the iii? j S °i lltl ° U of aIcobo1 and bichromate) 

In titrating the exces! U^oLl it 3 

consuming spot-tests or addition of pvpp« desmible to av oid time- 

UeSS of 10dlde or other reducing agent 

■nr t ■ ^he Department of Biochemistry nnri ° 

"st,, t, • . - Pharmacology, Indiana University School of 

(J. Pharmacol. <{ ^xper.^Them ])^ 137 ’“gggx Pentoxide method of Haggard and Gre 
rather complicated in that it requires ^ll^to Srfodi^^nfSSfJ" ^ 
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ami back-titration with thiosulphate or permanganate. After some experi- 
menting it was found that this could he accomplished by using a reducing 
solution composed of methyl orange and ferrous sulphate. In the high con- 
centration of sulphuric acid used in the procedure, methyl orange is rapidly 
decolorized by even minute quantities of bichromate. In fact, methyl orange 
alone may be used to titrate the excess of bichromate, but the end-point is not 
quite so sharp as when ferrous sulphate is also present to perform about 80 
per cent of the reduction. The titration is carried out in the same concentra- 
tion of sulphuric acid as was used for the oxidation of the alcohol by the 
bichromate, thus avoiding the usual dilution and transfer of the material; 
and the reaction vessel, an ordinary test tube, serves both for the oxidation 
of the alcohol and the titration of the bichromate. The end-point is very 
sharp. Finally, the high concentration of sulphuric acid in the red titration 
fluid raises the surface tension and specific gravity so that the size of drops is 
greatly decreased. Thus a moderately fine buret tip will deliver about 50 
drops per c.c., which somewhat increases the accuracy of the method. 

Methanol may also be determined by this method, in which case the oxida- 
tion proceeds to C0 2 and H»0, whereas, with ethanol the alcohol is oxidized 
to acetic acid. 

APPARATUS 


Reaction Tithes . — Ordinary test tubes with inside dimensions of about 17 
mm. x 150 mm. are satisfactory. 

Stirring Rod . — A glass rod ending in a 12 mm. ring, whose plane is at right 
angles with the rod. 

Microhuret . — A 5 e.e. microburet, which should be standardized.* To pre- 
vent the buret contents from coming in contact with the suction tube when 
filling from the tip, a bulb with bent tube was sealed at the top. 

Device for Stirring with an Air Current During the Titration . — The stir- 
ring may be done with the stirring rod but this is rather tiresome when analyz- 
ing many samples and we prefer the following arrangement (see Fig. 1) : 


The tip of the microburet is drawn out to form a tube about 2.5 mm. x 
35 mm. with, the lower end constricted to about 1.2 mm. A rubber sleeve 
with a glass side arm is made from a 1% in. length of r / 10 in. rubber tube 
which is punctured about midway with a small hole. A short length of small 
glass tubing, flanged at one end and tapered at the other, is pushed through 
this hole from the inside until the flange is flush with the inner wall of the 
rubber tube. The rubber sleeve is now pushed over the drawn-out nozzle of 
the buret until the tip of the nozzle projects about % inch below the bottom 
of the sleeve and the upper end of the sleeve makes a tight joint with the 
nozzle. The glass side arm is connected with the suction pump by means of 
Hue flexible rubber tubing running to a bent glass reducer supported by the 
rmg stand holding the buret. A two-hole rubber stopper, which fits the 
tube, carries ro one hole a babbler tube terminating in a bttlb with 
small holes tor breaking up the air current and in the other hole a piece of 
tlnn-w alled glass tubing about 4.5 mm. wide and IS mm. long. 

•Empire Laboratory Supply Co. No. 3137 la satisfactory. 
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In milking a titration tiic reaction tube is closed bj’ means of the rubber 
stopper carrying flic bubbler tube and is placed beneath the buret and raised 
so that the short glass tube is pushed over the buret tip and into the rubber 
sleeve until a tight joint is made and the buret tip extends about % iocli below 
the lower end of the glass tube. The buret is now lowered until the reaction 
tube is supported on the table. A screw damp regulates the air flow to the 
suction pump so that the liquid is well stirred during the titration. At the 
end of the titration the reaction tube and its rubber stopper are removed from 
the buret, and the rubber stopper and its bubbler tube transferred to the next 
tube to be titrated. 



Fig. 1. — Device lor stirring with an air current when many samples are to be titrated. 


REAGENTS 

Concentrated Sulphuric Acid . — A good grade of C. P. sulphuric acid con- 
taining very little reducing substance is employed.® 

Sulphuric Acid (62%). — Pour one volume of concentrated C. P. sulphuric 
acid into an equal volume of water and cool. 

Methyl Orange (0.1%). — Dissolve one gram of methyl orange in one liter 
of approximately N/40 NaOH and filter. This will keep indefinitely. 

Ferrous Sulphate (20%). — Dissolve 50 grams of FeSO.,, 7H 2 0 in 150 e.c. 
of water. Add 30 c.c. of cone. H 2 S0 4 and dilute to 250 e.c. In a stoppered 
flask this solution will undergo little oxidation for one year. 

Bed Reducing Fluid . — Place in a flask 35 e.c. of the 62 per cent sulphuric 
acid. Add to this 15 c.c. of the methyl orange solution and 1 c.e. of the fer- 

"*Baker & Adamson’s C. P. Sulphuric Acid, No. 1180, gave very small blanks. 
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rous sulphate solution, shaking the flask during the additions. Mix well and 
cool to room temperature. This solution deteriorates slowly but will keep for 
three or four days, being more rapidly decomposed in warm weather. About 
2.5 e.c. of this solution are required for each cubic centimeter of the standard 
bichromate solution. 

Standard Bichromate Solution, 0.0131 N . — Dissolve 2.129 gm. of C. P. potas- 
sium bichromate in water and make up to one liter. One cubic centimeter of 
this solution is equivalent to 0.5 mg. of ethanol or 0.232 mg. of methanol.” The 
bichromate may be standardized against a weighed amount of anhydrous 
ethanol or in the manner described in standard works on quantitative analysis, 
but we have found that a good grade of C. P. analyzed bichromate (Baker 
and Adamson or J. T. Baker) is sufficiently pure for use as a primary standard. 


REMOVAL OF ALCOHOL FROM BIOLOGIC MATERIAL 


Tissues . — The material is finely hashed, mixed with an equal weight of 
water and acidified with a little tartaric acid. It is now steam distilled until 
the volume of distillate equals the weight of tissue used. One cubic centi- 
meter of this distillate is diluted to 50 e.c., and 5 e.c. of the diluted material, 
representing 0.1 gm. of tissue, is used for the analysis. Where the tissue 
alcohol is less than 0.05 per cent the dilution of the distillate should be less 
than 1 :50. If the tissue alcohol is above 0.5 per cent, one should use less than 
5 c.c. of distillate, adding enough water to make 5 c.c. 


Blood . — Since blood foams badly when steam distilled, much time is saved 
by first preparing a protein-free filtrate, and distilling a portion of this. It 
was found that results by this process agree well with those obtained by steam 
distilling the blood. A tungstic acid protein-free filtrate of the blood is pre- 
pared by the Folin-Wu method. 9 Five cubic centimeters of this filtrate are 
placed in a 125 c.c. Pyrex distilling flask. To this is added 20 c.c. of water 
and some glass beads. The flask is connected to a small vertical condenser 
the lower end of which extends well into a Folin receiving tube graduated at 
25 c.c. The distilling flask is heated directly over a small flame from a micro- 
burner which is protected by a mica chimney. Distillation is continued until 
about 12 c.c. have come over, which requires about five minutes. The con 
denser tube is then rinsed out with a little water and the rinsing water col- 
lected in the receiving tube, after which the contents of the receiving tube are 
made up to 25 c.c. Five cubic centimeters of this distillate, representing 0 1 
c.c. of blood, are used for the analysis. If the alcohol is above 0.5 per-cent 
or below 0.05 per cent, the procedure is modified as described under “Tis 
sues.” If this distillate is to be kept some hours before analysis, it should be 
acidified with about six drops of concentrated H,S0 4 ’ : 


Urine. The urine is diluted 1 JO. Prom this point the proeedure is identi. 
cal wit h that used for a protein-free filtrate of the blood. 


•Acetone causes a slisht reduction of the Woi,. . . „ 

ns O.C c.c. of the dlehroinato. 0 blchr °mate in. this method, 5 ms. of acetone 
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ANALYSIS OF DISTILLATES 

In a reaction tube place 5 c.c. of the solution of alcohol from the distil- 
lation of blood, urine or tissues, which should contain not more than 0.5 mg. 
of ethanol or 0.23 nig. of methanol. Add 1 e.G.® of the standard bichromate 
solution and then 5 c.c. of the concentrated sulphuric acid. Mix well by means 
of the stirring rod and allow to stand for ten minutes. Cool in water to room 
temperature and titrate the excess of bichromate with the red reducing fluid. 
The first permanent pink color should be the end-point. In the same manner 
run a blank on 5 c.c. of distilled water. Since sulphuric acid usually contains 
a trace of reducing material, the correct figure for expressing relationship of 
the red reducing fluid in terms of bichromate is obtained as follows: After 
titration add to one of the tubes a second cubic centimeter of the standard 
bichromate, mix the contents well and again titrate. 


CALCULATION 

U = titration figure for unknown. 

W = titration figure for distilled water. 

B = titration figure for extra e.e. of bichromate. 

Q = quantity of blood, urine, or tissue represented by the aliquot analyzed. 

W - U 

Then, — g — x 0.3 Q =; mg. of ethyl alcohol, per c.c. of blood or urine or gram 

W _ tj 

of tissue. Where Q — 1/10 the formula becomes- — g — x 5. (For methanol use 0.23 instead 
of 0.5.) f 

results with the method 

Seventeen dilutions of absolute ethanol in water were analyzed by a stu- 
dent, the analyses being done in duplicate. The results are given in Table I. 


Table I 


Results With the Method (Ethanol)* 


SAMPLE 

ETHANOL USED 
(MG. IN 0 C.C.) 

ETHANOL 
(MG. IN 

FOUND 

5 C.C.) 

(A) 

(«) 

X 

0.431 


0.438 

o 

0.416 

0.431 

0.437 

3 

0.357 

0.349 

0.357 

4 

0.250 

0.263 

0.263 

5 


0.196 

0.193 

0 

0.166 

0.157 

0.157 

7 

0.147 

0.145 

0.131 

8 

0.143 

0.144 

0.131 

9 

0.110 


0.110 

10 

0.074 

0.078 

Lost 

11 

0.050 

0.054 

0.049 

12 

0.042 

0.049 

0.044 

13 

0.030 

0.034 

0.036 

14 

0.020 

0.023 

0.025 

15 

0.010 

0.009 

0.003 

16 

0.010 

0.012 

0.008 

17 

0.000 

0.000 

0.000 


♦Composition of samples unknown to analyst 


by 

red 


•Where the sample analyzed contains less than 0.05 mg’, ethanol, the accuracy 
using less bichromate (0.5 c.c. or 0.2 c.e.) and reducing the amount of ferrous sul 
1 titration fluid to 0.5 c.c. or 0.2 c.c. 


. is improved 
sulphate in the 


titration fluid to u.a c.c. or <j.- 

•“■Normal blood or tissues show a small amount of reduction by this method, giving a blank 
c n r >9 tn 1 ) 04 , cc of 0 0134 N K* Crs Or for a 0.1 gm. sample. Part of this reduction Is due to 
a volatile material in the distilled water used for diluting purposes which is concentrated in the 
process. 
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METHANOL 

FOUND 

SAMPLE 

METHANOL USED 

(MO. IN 5 

C.C.) 

(MO. IN 5 C.C.) 

(A) 

(D) 

i 



0.205 

2 

0.107 

0.175 

0.195 

3 

0.143 

0.146 

0.147 

4 

0.120 

0.125 


5 

0.100 



G 

0.067 


j v v ‘ v. 

7 

0.046 



S 

0.018 

0.022 

0.014 

9 

0.009 

0.008 

0.008 

10 

0.000 

0.004 

0.002 


•Composition of samples unknown to analyst. 


The method was also applied to aqueous solutions of methanol with the results 
given in Table II. 


SUMMARY 

1. A micvoinethod is described for determining alcohol in biologic mate- 
rial. This method operates satisfactorily with quantities of ethanol varying 
between 0.5 mg. and 0.02 mg. 

2. The procedure is a modified bichromate method, the excess of bichro- 
mate being titrated directly with a mixture of ferrous sulphate and methyl 
orange. 

3. The method employs very simple apparatus and consumes about as 
much time as a determination of blood sugar. 

4. For convenience, where many analyses are required, a device is de- 
scribed for stirring with an air current during the titration. 

5. The method will also determine methanol. 
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THE STABILITY OF SUGAR IX THE CEREBKOSPiXAL FLUID 1 


Purcell G. Sciiube, M.D., Boston", -Mass. 


T HE cerebrospinal fluid sugar lias been investigated until its estimation is 
considered of sufficient value in the diagnosis of certain pathologic con- 
ditions to become a routine procedure in many laboratories. It has been 
felt generally that the estimation of this sugar should be performed at once; 
that otherwise the sugar would decrease in amount and the estimation become 
of little accurate value. 

It is the purpose of this paper to test the validity of this "general 
feeling.” 

METHOD 

The cerebrospinal fluid was drawn into clean, dry, sterile tubes which 
were stoppered and placed in an ice box at 10° 0. where they remained 
through the period during which the estimations were made. When a quan- 
tity of fluid was desired for a sugar estimation, the tube was unstoppered 
and a small amount, sufficient for the estimation, was poured into another 
tube, thereby eliminating the necessity of sterile pipettes. The original tube 
was restoppered and placed in the ice box. The sugar was determined by 
treating the cerebrospinal fluid with 0.5 c.c. of 10 per cent sodium tungstate 
solution and then with 0.5 c.c. of 2/3 N sulphuric acid to precipitate the 
protein. After centrifugation the clear protein-free supernatant fluid (a 1 :1 
dilution of the original spinal fluid) was used for the determination of its 
sugar content by the Folin-Wu blood sugar procedure, 1 using for colorimetric 
comparison a Bausch and Lomb Duboseq colorimeter. Tbe sugar estimations 
were ran in duplicate, the average of the two estimations being used in each 
instance. The sugar content was expressed as milligrams of glucose per 
100 e.e. of spinal fluid. 

The determination on the cerebrospinal fluid sugar was done immedi- 
ately after the fluid had been obtained and cooled to 10° 0., and then on tbe 
following third, fifth, seventh, tenth, fourteenth, and twenty-first days. The 
results obtained are presented in Table I. 

DISCUSSION 

In this study the cerebrospinal fluids of 24 unselected individuals were 
used. These individuals all presented neuropsychiatrie problems' with" and' 
without demonstrable organic pathology. The only criterion determining 
the use of a fluid was its sterility. This requisite was considered as justified, 
and contaminated fluids were disc-aided. 

*From the Psychiatric Clinic. Boston State Hospital. 

Received for publication. August 17, 1934. 
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Throughout the period of study of these fluids, twenty-one days, the 
variation of the obtained values was entirely within that of the experimental 
method used. The largest average variation of the sugar values was 1.8 mg. 
and the smallest, O.-i mg. The largest range of variation was 3.0 mg. and the 
smallest, 0.6 mg. 

Table I 

Spinal Fluid Sugar* 


CASE 

OS DAY 
PUNCTURE 
perforated 

3rd 

5tu 

7TII 

10tu 

1 

14TH 

2 1st 

AVERAGE 

AVERAGE 

VARIATION 

VARIATION 

RANGE 

i 

00.7 

60.4 

00.9 

61.0 

00.3 

00.7 

60 .S 

60.7 

0.4 

0.7 

o 

42.S 

43.0 

42.1 

42.7 

43.2 

42.0 

43.0 

42.7 

0.5 

1.1 

o 

o 

G8.S 

08.5 

08.0 

67.9 

08.3 

69.3 

69.0 

08.6 

0.7 

1.4 

i 

50.6 

52.0 

51.5 i 

51.7 

50.2 

50.0 

49.8 

50.8 

1.2 

2.2 

5 

53.2 

53.0 

54.0 

52.2 1 

53.2 

52.0 

53.5 

53.0 

1.0 

2.0 

0 

47.5 

40.4 

48.0 

48.5 

47.5 

40.8 

47.0 

47.3 

1.2 

2.1 

7 

G2.S 

62.4 

02.8 

03.2 

63.0 

03.0 

62.6 

62.8 

0.4 i 

0.8 

s 

66.1 

03.5 

00.1 

04.2 

04.0 

66.5 

66.0 

65.2 

1.3 

3.0 

9 

57.3 

57.3 

57.2 

50.8 

i ud.7 

56.0 

56.7 

50.7 

0.6 1 

1.6 

10 

50.0 

50.4 

51.2 

31.4 1 

52.0 

51-8 

51.4 

51.2 

O.S 

1.6 

11 

48.0 

1 48.0 

48.0 

46.5 1 

47.2 

46.0 

i 40.0 

i 47.1 1 

0.9 

2.0 

12 

54.4 

52.8 

53.0 ( 

52.0 

52.0 | 

52.2 

1 53.2 

, 52.8 

1.6 

2.4 

13 

55.0 

55.0 

56.2 

54.8 

54.6 

55.2 | 

55.0 

55.1 

1.1 

1.6 

14 

02.7 

62.7 

62.7 

62.7 

60.2 

61.5 1 

1 62.0 

62.0 

0.7 

1.2 

15 

56.7 

58.5 

57.3 

5S.S 

50.7 ! 

57.0 1 

, 57.0 | 

57.4 l 

1.4 

2.1 

16 

67.1 

07.2 

65.0 

66.4 

07.5 

67.3 1 

67.0 i 

66.7 

0.8 

2.5 

17 

00.5 

01.2 

61.2 

GO .4 

60.8 

60.0 

61.8 

60.8 

1.0 

1.8 

18 

55.4 

53.8 

54.0 

53.0 

53.2 

54.0 

55.0 

54.1 

1.3 

2.2 

19 

53.2 

54.0 

53.6 

52.0 

53.2 

53.2 

53.2 

53.2 

0.8 

2.0 

20 

67.2 

07.2 

67.4 

65.4 

65.6 

66.0 

66.5 

66.4 

1.0 

2.0 

21 

50.8 

51.2 

50.4 

51.2 

50.8 

50.8 

50.6 

50.S 

0.4 

0.6 

22 

62.0 

62.4 

63.2 

61.6 

62.0 

63.2 

63.5 

62.5 

1.0 

1.9 

23 

64.4 

65.5 

63.6 

62.6 

62.8 

63.4 

04.0 

63.1 

1.8 

2.9 

24 

56.8 

59.2 

59.0 

57.6 

56.8 

58.0 

57.5 

57.8 

1.4 

8.4 


•Expressed in mg. per 100 c.c. cerebrospinal fluid. 


Therefore, from a study of the results presented, the conclusion can be 
drawn that: if after the cerebrospinal fluid is obtained it is kept under 
sterile conditions and at a temperature of 10° C., the amount of change 
of the sugar therein over a period of at least twenty-one days is entirely 
negligible. 

CONCLUSIONS 

The quantity of sugar in cerebrospinal fluid kept under sterile conditions 
at 10° C. remains unchanged for a period of at least twenty-one days. 

REFERENCE 


1. F olvn, Q., and Wu, II.: A Simplified and Improved Method 
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ANTIGEN MIXING TUBE FOR THE KAHN TEST* 


Robb Spalding Spray, Ph.D., Morgantown, W. Va. 


T HE Kahn test has been accepted as one of the standard laboratory pro- 
cedures, and has been widely adopted. One of its outstanding virtues is 
its adaptability in the small laboratory. In such a situation one has frequent 
occasion, or demand, to run at a given time only a single test, or at most from 
3 to 5 tests. 

The Kahn antigen, whether purchased or made in the laboratory, is a rela- 
tively expensive reagent, and the device herein described has, among other 
advantages, that of reducing the cost of antigen by one-half when but few 
serums are to be tested. 

The original Kahn method requires the use of a minimum of 1 e.c. of 
antigen to the titrated amount of saline. These are mixed in shell vials by 
pouring rapidly back and forth. Due to the necessity of rapid mixing, Kahn 
advocates this minimum amount of antigen. 

In the hands of the inexperienced, how- 
ever, one frequently spills a portion, or hesitates 
in the process, with the resultant precipitation 
of the cholesterol. In the device described 
here the two reagents are placed in the same 
tube, in separate compartments, and the mixing is effected by tilting the tube 
and shaking. Since there is no possible loss, nor any lag in time of mixing, 
smaller quantities of antigen may be used. 

The tube may be simply made in any laboratory having a blast burner, 
or even the Fisher type of burner. One takes a standard S by 1 inch test tube 
and heats the bottom of the tube, holding the tube horizontally in the flame, 
until well softened. Then, by cautiously blowing, a small convex blister is 
formed on the side of the tube just at the end. After this has cooled one 
heats the tube again about 1 inch higher up and blows a second pocket parallel 
to the first. When cooled the tube is cut off about 3 inches long. 

Several attempts mas' be required before a satisfactory result is obtained. 
Each pocket should hold approximately 1 c.c. of fluid when the tube is held 
almost horizontal, with the pockets downward. 

In use the antigen is pipetted into the bottom pocket, the saline into the 
upper pocket. The tube is then upended and instantly shaken, or struck 
against the other hand, for ten seconds. The antigen mixture is then drained 
into a shell vial and allowed to stand ten minutes before using. 

This device has been in use in cur laboratory for nine years with perfect 
satisfaction. We find that the use of 0.5 c.c. of antigen with the usual amount 
of saline (titer 1 :1.1 or 1.2 c.c.) 0.55 or 0.6 e.e. gives sufficient for 7 or S tests. 

*From the Department of Bacteriology, Medical School. The West Virginia University. 
Received for publication, September 29, i.934. 
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WHELAN : DETERMINATION OF NITRATE IN ANIMAL TISSUES 

This procedure Ihus saves one-half the «n,i S en, whieh, over the eouree of a 

• ),icHy - 


determination of nitrate IN animal tissues* 

JURY WHELAN, M-A, OKLAHOMA ClTY, OXLA. 

IN ORDER to investigate the fate of analysis of animal tissues. 

A it was necessary to find a method suitable ^XTfor “the determination 
Pueher, Vicbery, with certain modi- 
of nitric acid in plant tissues. lt ^en applied to animal tissues. 

from the body as 

Preparation of Mateiial. cent so dium liydroxide, and 

quickly as possible, made alka me ' tissues were completely 

dried in a drying oven, or on a steam bath. After 

dry they were ground in a small oo g nn ' ^ 100 c.c. beaker was 

Procedure . — One gram of finely ^ a a ^ ^ ^ 

mixed with sufficient 4 N sulphuric aci o varying quantities 

was not practical for us to determine made to deter- 

of acid were added to 2-gm. samp es, c determine whether more than 
mine the quantity of acid necessary, and i also ^ any way affect 

r "Se 0 !^^ at ,00,3 cunof 4 N acid are yarned and 

mad“ a dls?neUy'aoid but that an accurate adjustment of the 
pH is not necessary. 




WEIGHT OF SAlir.Lt. 1 

4N H 2 S0 4 

C.C. 

NITRATE N 

MG. 

2 1 

1 

2 

0.0775 

2 ! 

3 

0.54 

2 

4 

; 0.48 

2 

5 

0.59 

2 

6 

0.58 

2 

2 ' 

10 

0.585 


The tissue and acid are mixed and 2.5 gm. of pure asbestos fiber are added, 

1 the who ie stirred to insure a thorough mixing. A 26 by 60 mm. Schleicher 

1 SchiUl paper extraction thimble is placed in a siphon tube (Eimer and 

ant ^j Q 30754 ). A glass rod is placed in the siphon tube to hold the 

tlfimble away from the wall on one side. The transfer of material is simplified 

, nm . o in cm funnel the stem of which has been cut off. The funnel fits 
by using n 

— ^From the Department of Biochemistry and Pharmacology, School of Medicine, University 

Of °“»^ d for publication. September 13. 103-1. 
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Table II 


Brain 


Spinal cord 


Trachea 


extraction- 1 
colorimetric be- 

I TKRMI.VATIO.V 


1.20 

1.00 

0.50 

0.50 


EXTRACTION' 
COLORIMETRIC DK- 
termlvatio.y 


Lung 


Stomach 


Pancreas 


Spleen 


Kidney 


Intestine 


Muscle 


Esophagus 


Skin 


Bladder 


3 

4 

l 

o 

.1 

4 


3 

4 

1 

2 

3 

4 


- 1 1.44 

1.40 

1 1.26 

1.20 

, 1.00 

0.0 7 

1 0.82 

0.82 

i 1.83 

1.S3 

! 1.47 

1.47 

1 0.57 

0.57 

| 0.40 

0.40 

i 0.97 

0.95 

| 1.14 

1.20 

1 0.48 

0.4 S 

I 0.83 

i 

O.SO 

j 1.13 

1.13 

0.90 

0.90 

0.34 

0.30 

0.77 

0.77 

1.50 

1.49 

1.60 

1.58 

0.57 

0.57 

0.00 

0.57 

1.80 

2.00 

1.49 

1.50 

1 0.40 

0.40 

I 0.00 

0.00 

1.10 

1.10 

1.30 

1.36 

0.70 

0.60 

O.SO 

O.SO 

1.00 

1.05 

0.70 

0.76 

0.50 

0.50 

0.30 

0.30 j 

1.77 

1.67 

1.30 

1.33 

O.SO 

0.79 

0.70 

0.70 

1.2 3 

1.20 

1.33 

1.33 j 

1.435 

1.47 

1.1.30 

1.10 

0.80 

0.75 

0.90 

0.94 

1.14 

1.24 

1.28 

1.28 

1.10 

Lost 

1.10 


0.97 

1.00 

0.70 

0.63 

1.43 

1.33 

0.03 

0.00 

1.80 

1.6 a 

0.44 

0.43 

0.07 

1.13 

0.57 

0.00 


0.07 

1.00 

0.70 

0.03 

1.30 

1.33 

0.03 

0.90 

2.00 

1.03 

0.43 

0.43 

0.07 

1.27 

O.iiO 

0.70 


EXTRACTION- 3 
COLORIMETRIC DE- 
TERMINATION" 


1 


1 .33 


1.3S 


117 1.17 

0.S4 0.84 

0.40 6.4:1 

°-00 0.00 


1.07 

1.00 

0.60 

0.47 

2.02 

1.40 

0.39 

0 .GG 

1.10 

1.30 

0.03 

0.(37 

1.00 

0.60 

0.70 

0.40 

2.00 

1.30 

0.S0 

0.70 

1.27 

1.07 


1.50 

1.10 

o.so 

1.14 

1.27 


1.(55 

1.62 

0.60 

0.47 

2.0 0 
1.40 
0.41 
0.66 

1.30 

1.50 

0.63 

0.07 

1.00 

0.00 

0.70 

0.30 

2.00 

1.27 

0.S7 

O.SO 

1.27 

1.10 


1.43 

1.10 

0.75 


O.SO 


0.75 


1.46 

0.S3 


1.47 

0.S3 


1.47 


1.47 
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nicely into the mouth of the thimble. The small amount of material which clings 
to the sides of the beaker and funnel is removed with a small piece of cotton, 
which is then used as a plug for the thimble. The siphon tube is attached to 
the spiral metal condenser of the extraction apparatus. The whole is then 
placed in the bask which contains 150 or ‘100 c.c. alcoliol-free ether, and a few 
quartz pebbles. The apparatus is placed on an electric hot plate and the 
extraction conducted for eight hours. At the end of that time about 75 c.c. 
of hot distilled water are poured through the thimble into the flask. A few 
drops of phenolphthalein are added and the solution made alkaline with 10 
per cent Na OH. The ether is then distilled off slowly. The residue is trans- 
ferred to a 100 c.c. volumetric flask and made up to volume. Seventy-five 
cubic centimeters of this are transferred to a porcelain evaporating dish and 
evaporated to dryness. The residue is moistened with a few cubic centimeters 
of water, a few drops of concentrated sulphuric acid added to make the solu- 
tion distinctly acid, and the whole transferred to a 25 c.e. volumetric flask. 
Ten cubic centimeters of 5 per cent mercuric chloride are added and the solu- 
tion made up to volume by washing the evaporation dish with water, a few 
cubic centimeters at a time. The mercuric chloride precipitates all interfer- 
ing substances and the filtrate is clear, and, except in the case of highly 
pigmented tissues, quite colorless. The small amount of color present does 
not interfere with the development or reading of the blue color produced with 
diphenylbenzidine. The amount of nitrate present is determined by the 
method of Whelan. 2 

DISCUSSION AND CONCLUSIONS 

The detailed results of analysis made with this method, as a part of a 
study reported in another paper, are given in Table II. In all cases extrac- 
tions were made in duplicate, and in some instances in triplicate. And in all 
cases the colorimetric determinations were made in duplicate. As the table 
shows, the results are close and indicate that the method determines the 
amount of available nitrate present. 


REFERENCES 

1. 'Puclier, George W., Vickery, H. B., and Wakeman, A. J.: Determination of the Acids of 

Plant Tissue. Determination of Nitric Acid, J. Biol. Cliem. 98: 605 1930 

2. Whelan, Mary: A Colorimetric Method for the Quantitative Determination of Nitrates 

Nitrites in Biological Fluids, J. Biol. Chem. 86 : 189, 1930. anc 



A MJCRO-Iv JEDDAH L TECHNIC FOE DETERMINING 


FIBRINOGEN 4 


Helen R. Garbutt, A.B., and Roger S. Hubbard, Fh.D., Buffalo, N. Y. 


I N A previous article 1 a technic was described for determining albumin and 
globulin in serum in which a micro-Kjeklahl oxidation and subsequent 
nesslerization in the presence of Rochelle salts were used. This method was 
quite convenient and sufficiently accurate for ordinary diagnostic purposes. 
It was deemed desirable to develop a similar method for determining fibrino- 
gen, for this analysis is not technically as satisfactory as are most of those 
in use in diagnostic laboratories. The main objection to an application of the 
methods already available 2 lay in transferring the fibrin formed by the action 
of calcium chloride to the tube in which the micro-oxidation was to be car- 
ried out. Neither of the two procedures commonly recommended for this 
purpose seemed quite satisfactory. In the simultaneous destructive oxidation 
of filter paper and precipitate by the Folin and Wu reagent, the presence of 
such a large amount of carbon was undesirable, and collection of the pre- 
cipitate on a glass rod and its subsequent transference to the test tube seemed 
to furnish opportunities for loss which should be avoided if it were possible 
to do so. These difficulties led us to experiment with precipitation in cen- 
trifuge tubes, and to study the most suitable method for carrying through 
the oxidation in the same tubes. A few minor changes in technic were found 
either necessary or convenient for carrying out the procedure in a satis- 
factory manner, and the method described below, which, in the opinion of 
the authors, is a very convenient one, and of a degree of accuracy well adapted 
to diagnostic work, was developed. 

DESCRIPTION OF METHOD 

Apparatus. — (1) Conical 50 c.c. centrifuge tubes of Pyrex glass graduated 
at 10 c.c., (2) microburner, and (3) ring stand with adjustable clamp to hold 
centrifuge tubes. 

Reagents. — (1) Eighty-five hundredths per cent sodium chloride, (2) 2.5 
per cent calcium chloride, (3) 0 . 05 per cent calcium chloride, (4) the dilute 
1:1 sulphuric acid and phosphoric acid digestion mixture of Folin and Wu, 3 
(5) 10 per cent Rochelle salts, (6) Nessler’s solution prepared according to 
the directions of Folin and Wu, 3 (7) a strong ammonium sulphate standard 
containing 0.1414 gm. of pure salt in 100 c.c. of water, and (8) a weak am- 
monium standard prepared bj r diluting 10 c.e. of the one just described to 
100 c.e. 

Method. Place 0.5 c.e. of plasma in a Pyrex centrifuge tube graduated 

at 10 c c. Add 24 c.c. of 0.85 per cent sodium chloride and 0.5 c.c. of 2.5 

•From the Buffalo General Hospital. 

Received for publication, September 13, 1934. 
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per cent calcium chloride solution. (These are the reagents recommended 
by Cullen and Van Slylce. 1 ) Let stand until the clot has formed, which 
usually takes about an hour. Centrifuge at high speed until the clot has 
packed into the bottom of the tube. Decant the supernatant liquid. Wash 
twice with 5 c.c. portions of 0.05 per cent calcium chloride solution. Add 
2 c.c. of the dilute oxidizing mixture of Folin and Wu containing sulphuric 
and phosphoric acids. Heat the tube over a low flame, shaking constantly to 
prevent bumping, until the precipitate has dissolved in the digestion mixture. 
Clamp the tube in a slanting position and heat carefully with a microburner 
until all the water has been driven off and white fumes appear. Then place 
the tube in a vertical positiou, cover with a watch glass, and continue heating 
until oxidation is complete and the contents of the tube have become colorless. 
Let cool until the fumes have almost wholly subsided, then tilt the tube and 
dilute with distilled water from a medicine dropper, pouring the water care- 
fully down the side of the tube, adding only a drop at a time at first and 
more rapidly later. Let cool. If a crystalline precipitate has formed at this 
point, it may be broken up with a glass rod and the rod x-insed into the tube. 
Make the volume to 10 e.c., and centrifuge if necessary. Transfer- 5 c.c. into 
a second tube graduated at 10 c.c., add 1 c.c. of 10 per cent Rochelle salts, 
make up to 10 c.e., and nesslerize with 15 c.c. of the reagent described by 
Folin and Wu. Simultaneously nesslerize standard solutions containing known 
amounts of ammonium sulphate, 1 c.c. of the dilute oxidizing reagent of 
Folin and Wu, and 1 c.c. of 10 per cent solution of Rochelle salts in a total 
volume of 10 c.c. Convenient standards contain 0.15, 0.09, and 0.06 mg. of 
nitrogen. These amounts are contained in 5, 3, and 2 c.c. of the dilute standard 
described above. Compare the color of the unknown solution with that of 
the standard nearest to it in tint in a colorimeter, and calculate the percent- 
age of the fibrinogen present by means of the following formula: 

reading of standard 400 

Per cent fibrinogen = ^d x value of standard x x < 5.25 


STANDARDIZATION OF METHOD 


Various experiments were carried out in attempting to standardize the 
method. The accuracy of the oxidation technic was established by precipitat- 
ing proteins from blood serum and from alkaline solutions of various kinds 
(egg white, pollens, etc.) and comparing the results obtained by the direct 
procedure described with those given by the method of Hubbard and Sly 1 
The agreement in these experiments was very satisfactory. 

The probable efficacy of washing with calcium chloride as a method of 
separating the precipitated protein from interfering nitrogenous compounds 
was also investigated. It was found that one treatment with calcium chloride 
was probably sufficient, for no nitrogen was found in the supernatant fluid 
from subsequent washings, and the nitrogen content of the precipitate after 
one, two, and three washings was identical. Nevertheless, to guard against 
possible error, it has seemed best to recommend the double treatment descried 
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As a convenient method of testing (he accuracy of the method, we made 
a comparison between fibrin determinations made as described and studies 
based upon the difference between the total nitrogen content of plasma and 
of plasma from which fibrinogen had been removed . 3 The results of these 
studies were quite unsatisfactory. There was a fair degree of parallelism be- 
tween the results of the two methods, but individual values often differed 
markedly from each other. In some experiments the determination described 
in this paper gave the higher value, and in others the reverse was true. The 
explanation of the cause of these discrepancies was obvious, for the actual 
value of the difference upon which the comparison was based was often very 
little greater than the algebraic sum of the errors inherent in the two micro* 
Kjeldahl analyses upon the treated and untreated plasma. 

It was, therefore, necessary to adopt some other plan for testing the prob- 
able accuracy of the proposed method, and a comparison of results on varying 
amounts of plasma was accordingly made. In these studies no variations were 
introduced into the procedure, except that the total volume of salt plus plasma 
was kept constant and that the number of standards prepared was increased 
to allow for the large range of nitrogen values encountered. The results of 
these experiments are given in Table I. 

Table I 

Values Obtained in Duplicate Determinations on Varying Amounts of Plasma 


(Values expressed as gm. fibrinogen per 100 c.c. plasma) 


serial no. 

1 O.O. TAKEN 

0.5 C.C. TAKEN 

0.25 c.c. taken 

Plasma 1 j 

] 

0.53% 0.53% 



2 

1 

0.69% 0.53% 


3 



0.43% 0.4391 



i 



0.57% 0.56% 



; > 



0.30% 0.35% 


G ! 


0.42% 0.43% 

1 

7 


' O.S9% O.S 7% 0.9191 

l 

s 1 

0.4391 

0.42% 

{ 0.50% 

0 

0.2091 

0.2191 

1 

to 

0.0691 

0.51 9r 

0.51% 

11 

0.2791 i 

0.3091 

! 0.2S91 - 

12 

0.42% 

1 0.39% 

! 0.41% 

13 

0,44% | 

0.44% 

0.41% 

14 


0.56% | 

0.56% 

15 

0.36% 


0.37% 

16 

0.43% 

i 

0.42%- 

17 

0.23% 

0.22% 

0.22% 

IS 

0.65% 

0.57% 

0.59% 

10 

0.60% 

0.50% 

0.55% 

20 

0.53% 

0.46% 

1 

21 

0.35% 

0.35% 



OO 

0.23% 

0.24% 

0.23%, 

23 

0.29% 

0.29% 

0.27%, 

24 

0.41% 

0.41% 


25 

0.23% 

0.23% 


26 

0.35% 

0.35% 

0.31% 

27 

0.37% 

0.37% 

0.35% 

28 

0.52% 

0.56% 

— — 

29 

0.14% 

0.14% 

0.14% 

30 

0.11% 

0.11% 

— 

31 

0.46% 

0.4S% 

0.4S% 

32 

0.33% 

0.33% 
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Table II 

Pfr Cent Difference Between Pairs of Values 


PAIRS COMPARED 

RANGE OF PER CENT DIFFERENCE 

i 0 TO 2 % | 
NO. | 

3% TO 5% 

( NO. 

6% TO 10% 
NO. 

10% TO 15% 
NO. 

OVER 15% 
NO. 

0.5 with 0.5 c.c. 


jgsj wgm m 

1 

- 

- 

0.5 with 1.0 c.c. 



4 

2 

1 

0.5 with 0.25 c.c. 



4 

2 

— 

0.25 with 1.0 c.c. 



5 

2 

- 

Total 


1 15 

14 

6 

1 


It is evident that in general the agreement shown by these determinations 
was quite satisfactory. Table II has been prepared to show just how close 
this agreement was. In this table is given the number of pairs agreeing 
closely together, those showing differences between 2 and 5 per cent, etc. 
The table shows that even under these rather extreme conditions the majority 
of the pairs of determinations showed differences of less than 5 per cent. The 
average of all the values was 4.3 per cent. Such a degree of accuracy is 
sufficiently great for a method designed for use in a diagnostic laboratory. 

CONCLUSION 

A method of determining fibrinogen, which renders transference of the 
precipitated material unnecessary, is described. The method gave results 
having a degree of accuracy sufficiently great to justify its use in routine work. 
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A NEW CLINICAL -MODEL OP THE HADEN-HA USSER 
HEIIOGLOBIXOMETER* 


Russell L. IIadex, M.D., Cleveland, Ohio 

I , . . ^ esci ilK-d a up" hemoglobinonieter which was developed in col- 

t l...;ab° rat1011 Wlth the manufacturers, C. A. Ilaussev and Son. I have shown 
that hemoglobin estimations with this instrument check closely ivitk deter- 
minations made by the oxygen capacity and iron content methods. 2 Our 
favorable experience with the Iladen-Hansser hemoglobinometer has been 

h?e t! ° ther lab0rat0ries - The one objection to the instrument has 

b en that it is essentially a laboratory instrument by reason of its she and 
original cost. 

deserii °^ eet * ons oi size an( l expense, a clinical model was later 

described.- This mstrnme.it has not proved as satisfactory as was hoped since 




Fiy. 1. 

58 SZi — 

laboratoiw'mnfl to use ’ is «»d is not as sensitive as the 

has been deTe l T™ ° f th6Se difficilities - *odel described herewith 

and "dthott t] r i\ 1 1S e ' SSeUtialIy the lab0rat0I T Mdel in a smaller size 

readin s 6 ° J ° X ' 14 18 easily tra «sported, it is inexpensive, and the 
readings are as accurate as those of the larger model. 

The instrument is shown in Pigs. I and 2, and in cross-section in Pig. 3. 
The molded Bakehte case holds the reading microscope, the movable com- 
paia oi slide (Pig. 4) and the mirror for reflection of light from an outside 
source through the light filter. Filters for both daylight and artificial light 
are supplied. The comparator slide, except for the smaller dimensions is 
exactly the same as the one used in the laboratory model and it is sealed in 
the me tal carrier. The slide has a hemoglobin gram scale with a total ran"e 

*From the Cleveland Clinic. 

This instrument is made by C. A. Hausser and Son and _ 

Company, West Washington Square, Philadelphia. ^ Arthur H. Thomas 
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from 7.5 to 18 gm. in the following intervals: 7.5, 8, 8.5, 9, 9.5, 10, 11, 12, 13, 14, 
15, 16, 17, and 18 gm. This scale was arrived at by determining the oxygen 
combining capacity of many samples of blood throughout the range of the 
scale by use of the Van Slyke manometric blood gas method converted into 
hemoglobin content by the rise of the Ilufner conversion factor of 1.34 ml. 
of oxygen per gram of hemoglobin. The glass used in the standard is the 
same as that shown by Kazek 3 to have an absorption curve almost identical 
with acid liematin (Fig. 4). The comparator slide consists of a glass color 
standard of the same thickness throughout, which is in immediate juxtaposi- 
tion to a wedge-shaped channel E for the dilution complement. This com- 
parator is moved through the field of the reading microscope as the comparison 
is made. A series of illuminated rectangles, separated by alternate dark spaces, 


Magnifying — * 

SYSTEM 


COMPARATOR 
SLIDE. 

MIRROR I 



Fiff. 3. 



Fig. 4. 



Fig. 3. — Cross-section view o£ instrument. 

Fig. 4 . — Comparator slide with cover glass in position. 

Fig. 5. — Field of view in the new clinical model reading 14 grams. 


then appears in the field of the microscope. The lower half of each rectangle 
constitutes the color standard complement, while the upper half of each rec- 


tangle constitutes the dilution complement when the wedge-shaped chamber 
is filled with diluted blood. The depths of the dilution complements vary 
because of the wedge-shaped channel. 

In making hemoglobin determinations, the blood is diluted 1 -20— or 1 -10 
if the hemoglobin content is probably below 7.5 gm, i.e, approximately 50 
per cent-in a Thoma white cell pipette with H/10 hydrochloric acid This 
low dilution ratio results m greater accuracy than is possible with the higher 
dilutions required in some instruments. After conversion of the hemoglobin 
into acid hematrn, the diluted blood is run into the wedge-shaped dilution 

“iiS: co "”’ ara ‘ o " “ ,he eDd —■ vs 
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Aii approximate determination of the hemoglobin is made by moving the 
comparator holder to the left until the upper illuminated half, the dilution 
complement, of the rectangle observed in the center of the field closely matches 
the glass color standard complement below. The rectangle in which the 
complements most nearly match is best determined by making such an approxi- 
mate selection and then contrasting the upper complement with the adjacent 
color to the left and again with the adjacent color to the right. With the 
correct rectangle in the center of the field, the dilution complement to the 
left will be of lighter tint and the dilution complement to the right of a 
darker tint, and the dilution and color standard complements of this central 
rectangle will closely match. 

The field of view in the new clinical model set for a reading of 15 gm. is 
shown in Pig. 5. 

I have made comparative readings with this new instrument and with 
the laboratory model with results as shown in Table I. 


Table I 


SPECIMEN no. 

new clinical model 

GM. 

LABORATORY MODEL 

GM. 

1 

12 

12 

0 

14 

it 

3 

10 

10 

4 

16 

16 

5 

13 

13 

6 

11 

11 

In calculating the liemo 

globin in percentage, 

any one of the hemoglobin 


standards can be used. A reading of 15 gm. would be transposed into per- 
centage as follows : 

_ _ , , , 15.0 x 100 

By Haden’s standard-* — rpr-7 = 97% 

, 15.0 x 100 

By Yvmtrobe’s standards • — — — — = 103% 

14.0 ' 

By Osgood’s standard 6 
(for men) 

By American Society of Clinical 
Pathologist ’s standard 

By standard determined locally 
in example given below 

Since tbe number of grams of hemoglobin per 100 c.e. calculated to a 
count of 5 million cells has been found to vary in different laboratories and 
localities, it is desirable that each laboratory determine locally tbe standard 
to be used. The determination is simply, and fairly accurately done by mak- 
ing careful erythrocyte counts and hemoglobin estimations in grams on ten 
healthy, normal adults, although it is preferable to have a larger number. 
Prom data obtained, the number of grams of hemoglobin per 100 c.e. per 5 
million red cells is calculated as indicated in Table II, and this figure is taken 
as 100 per cent of normal. 


15.0 x 100 
14.7 

15.0 x 100 

17.3 

15.0 x 100 

15.4 


= 102% 
= S7% 

= 97% 
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Table II 


PATIENT 

RED CELL COUNT PER O.MM. 

MILLIONS 

HEMOGLOBIN PER 100 C.C. 

GRAMS 

i 

5.02 

15.5 

o 

4.00 

12.6 

3 

4.65 

14.9 

4 

5.50 

16.8 

5 

4.78 

15.0 

6 

4.57 

14.2 

7 

4.25 

13.5 

S 

5.31 

16.5 

9 

5.80 

16.9 

10 

4.92 

15.1 

Mean 

of 10 4.88 

15.1 


The hemoglobin (X) per 5 million cells is 
15.1 

5.00 x — ^ gg or 15.4 gra. 

This figure is taken as 100 per cent for the laboratory in which the data 
are obtained and when so used should give a color index of 1.00 ± 0.10 in nor- 
mal adults. The standards suggested by Haden, "Wintrobe, and Osgood have 
been determined by this method but a much larger number of determinations 
have been made to diminish the error of the mean. 

SUMMARY 

A simplified model of the Haden-Hausser hemoglobinometer is described 
which is inexpensive, accurate, and simple to use. 
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TENTH NORMAL HYDROCHLORIC ACID AS A DILUTING FLUID FOR 
COMBINED LEUCOCYTE AND HEMOGLOBIN DETERMINATIONS* 


C. A. Pons, M.D., Asbukv Park, N. J.. and W. P. Belk, M.D., Ardmore. Pa 


F OR use in the Haden-Hausser hemoglobinometer a 1-20 dilution of blood 
in tenth normal hydrochloric acid is made in a white cell diluting pipette. 
An economy of time and apparatus would result if the white cells could be 
counted in the same suspension. 

Using a single sample of well-mixed oxalated blood, ten white cell counts 
were made in duplicate with tenth normal hydrochloric acid and with 0.5 
per cent acetic acid as diluents. When subjected to standard statistical 
analysis, no significant, difference was found between the means of the two 
series. Other samples were counted in duplicate and in no instance was there 
a greater difference than in the first series. Variation in the distribution of 
cells within the counting chamber was found sufficient to account for the 
major portion of the difference between the two series. 

Ten suspensions in hydrochloric aeid recounted after standing at least 
two hours showed good keeping qualities of the diluent, the second series 
being S.7 per cent higher than the first. 

Fifty duplicate counts on clinical specimens with both di lnents showed 
an average deviation of 6.09 per cent. 

The method has been used routinely for six months with perfect satisfaction. 
The acid hematiu suspension produces a light brown background and 
the cells are a little smaller in hydrochloric acid, but this is not sufficient to 
interfere with, the accuracy of the counts. 

A Reider pipette is found to be preferable to the TJioma because of its 
larger volume and greater potential accuracy. An effort was made to develop 
a special pipette for this purpose. However, objections to a pipette requiring 
a large volume of blood forced ns to abandon this idea. We are indebted to 
Mr. S. Trenner, of Arthur H. Thomas and Company, Philadelphia, for aid 
with this pipette. 

CONCLUSION 


Tenth normal hydrochloric acid is a suitable diluent for malting white 
cell counts. The same preparation may be used for this purpose and for 
hemoglobin determinations. 

We were pleased to learn that Dr. Frederick Boerner, of Philadelphia, 
was developing this idea at the same time that we were, and that 3us con- 
clusions are the same as ours. We have just learned also that Walkeri used 


•■KVnm the Department of Pathology, Fitkin memorial Hospital, Asbury Park. N. J. 
and the Monmouth Memorial Hospital. Lone Branch, N. J. 

Received for publication. September lo. 1934. 

A . Tenth-Normal Hydrochloric Acid as Diluent for Counting Leukocytes 
After K’ of Solution of Acacia. Am. J. Clin. Path, St 317. 1932. 
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tenth normal hydrochloric acid for white cell counts after acacia injections, 
but did not advocate its routine use. 


We msh to thank Dr. II. M. Lufkin, Instructor in Mathematics, University of Pennsyl- 
vania, for the statistical analysis. 


THE PERCENTAGE OF HEMOGLOBIN COMPARED TO THE 
VOLUME OF ERYTHROCYTES* 


The Importance op this Relation in Correcting the van Allen 
Determination op the Volume op Platelets 


Kaare K. Nygaard, M.D., and Doris L. Duxbury, B.A., Rochester, Minn. 


T HOMSEN, in 1919, published a report on a direct method for performing 
platelet counts. This method was based on the observation that platelets 
are evenly suspended in a plasma oxalate solution for a certain length of time 
(up to four hours), whereas the erythrocytes and leucocytes during this time 
will settle, thus leaving a clear oxalate plasma solution from which a drop 
may be transferred to a regular chamber for counting. Because of the dilu- 
tion of the blood with oxalate solution, and because of the volume of the 
settled erythrocytes and leucocytes which will influence the dilution, it is 
necessary to correct the platelet count, and this necessitates determination of 
the hematocrit value in each case. 

Gram, in 1921, simplified the correction. In Gil cases of disease of all 
kinds he found that there was constant and striking parallelism between the 
percentage of hemoglobin and the volume of cells. By determining the per- 
centage of hemoglobin he could, therefore, obtain a good idea of the corres- 
ponding volume of cells, and the correction of the platelet count consequently 
could be based on determination of the percentage of hemoglobin. 

Van Allen in 1925, published a report on his method of determining the 
volume of platelets; his method was based on the same principle as that ap- 
plied in Thomsen's method for counting platelets. Consequently it is neces- 
sary to apply a correction to the volume of platelets, as well as to the count 
in Thomsen’s method, since the correction value is different and depends on 
the dilutions of blood oxalate solution. We have computed the correction for 
the platelet volume for any value as determined by hematocrit and have found 
it to vary from 2 per cent in a case in which the hematocrit determination 
was 10 per cent, to 15 per cent in a case in which the hematocrit gave a value 
of 75 per cent. . 

Again, taking up Gram’s idea of substituting the hematocrit detennina- 
tionjor the corresponding hemoglobin value, we have sought to simplify this 

•From the Mayo Clinic. 

Received for publication, August 10, loil 
Work carried out under direction of the 

Mayo Clinic. Rochester. Minnesota. Submitted foTpubuSltbr,. August of «* 
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correction. Gram, however, lias not given any specific data regarding the 
relation of hemoglobin to volume of cells. We were not able to find such corre- 
lation values in the literature. This work, therefore, was undertaken in the 
hope that it would be of some practical importance in correcting platelet 
counts, and probably also similar questions that should arise in the future. Dr. 
H. L. Dunn, gave authoritative advice throughout this study. 

I^owntree and Brown with the assistance of Both, made simultaneous 
observations of different phases of the blood in a large series of eases. With 
the authors’ permission we have gathered from their monograph simultaneous 
determinations of hemoglobin and of hematocrit values. The value for hemo- 
globin in grams per 100 e.e. of blood was determined according to a method 
which in reality was a combination of the method of linden and that of Os- 
good, using Ha (lea’s standard and Osgood’s technic. 

The principle is the addition of dilute hydrochloric acid to whole blood, 
whereby oxyhemoglobin is converted to acid hematin. Comparison is under- 
taken with a standard of acid hematin in a colorimeter. 

The volume of erythrocytes was determined by adding 5 c.c. of blood to 
1 e.e. of a 1.6 per cent solution of sodium oxalate in an accurately graduated 
centrifuge tube and by centrifuging for thirty- minutes at 3,000 revolutions 
per minute. “The volume of the corpuscles is expressed as a percentage of 
the volume of the sample of blood drawn.” 

Table I 


Observations Made by Rowntree and Brown With the Assistance op Roth 



CASES 

OBSERVATIONS 

Normal meu of varying body build 

4S 

4S 

Normal women of varying body build 

Normal subjects, whose blood volume and blood plasma 

25 

2d 

fluctuated 

oo 

44 

Obesity 

2G 

2d 

Chronic secondary anemia 

15 

Id 

Pernicious anemia 

9 

9 

Polycythemia vera 

49 

49 

.Myelogenous leucemia 

10 

11 

Lymphatic leucemia 

4 

4 

Splenomegaly without anemia 

G 

6 

Cirrhosis of the liver with splenomegaly 

9 

9 

Hemolytic jaundice 

11 

11 

Primary splenomegaly with anemia 

IS 

IS 

Glomerulonephritis with edema 

Subacute glomerulonephritis with developing anemia and in- 

32 

12 

complete diuresis 

1 

9 

Nephrosis in the stage of edema 

9 

9 

Cardiac edema 

11 

11 

Diabetes with edema 

3 

6 

Essential hypertension 

Raynaud’s disease 

10 

10 

S 

11 

Thromboangiitis obliterans 

5 

5 

Arteriosclerotic disease with occlusion 

3 

3 

Arteriovenous fistula 

7 

7 

Myxedema 

s 

S 

Hyperthyroidism 

Addison’s disease 

4 

4 

12 

IS 

Diabetes insipidus 

4 

5 

Diabetes mellitus 

Chronic bronchitis, emphysema, and asthma 

7 

12 

7 

12 

Total — 


412 
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The number of observations made by Rowntree and Brown (and Roth) 
and the Type of eases they employed are given in Table I. 

The distribution of the reading of grams of hemoglobin per 100 e.e. of 
blood, and the hematocrit value, are included in Table II. 

The mean value for hemoglobin was 15.131 gm. The standard deviation 
was - 4.182 gm. The mean hematocrit value was 41.966 per cent, and the 
standard deviation, ± 10.455 per cent. If x represents grams of hemoglobin 
per 100 e.e. of blood, and if y represents the hematocrit value in per cent, 
ihe coefficient of correlation, r, between x and y was found to be 0.S85. 

This is a very high correlation coefficient, indicating close correlation 
between grains of hemoglobin per 100 c.c. blood and the hematocrit value, 
thus .substantiating Gram’s statement. With this correlation definitely worked 
out. it was desired statistically to compute from any given value for grams 
of hemoglobin per 100 c.c. of blood, the correlated hematocrit value. The 
linear equation for this can be easily obtained from the constants already given 
and was found to be y = 2.2136 x -f S.47. 

Prom any known value for grams of hemoglobin per 100 c.c. of blood 
v the correlated hematocrit value y can, therefore, be computed, according 
to the formula. Table II gives the result of this computation. 

It will be easily seen that the correction values of Van Allen’s platelet 
volume, computed on the basis of hematocrit values, can now readily be based 
on the corresponding number of grams of hemoglobin, thus obviating the 
hematocrit determination. 

Aside from this practical point, the computation has revealed a theoretic 
problem of some importance. The high coin-elation coefficient found between 
grams of hemoglobin per 100 c.c. of blood and the hematocrit value, indicates 
that in the material concerned there is a constant amount of hemoglobin per 
volume unit of erythrocytes. This is another way of expressing what is 
termed the hemoglobin saturation of erythrocytes. Naegeli has pointed out 
that this hemoglobin saturation is maintained with surprising consistency 
and is found to be a maximal one in normal eases. In many eases of severe 
anemia (chlorosis) this saturation is found to be decreased. In pernicious 
anemia there is supposed to be a maximal saturation. The material we have 
used does not include any cases of chlorosis ; but does include a considerable 
group of anemias of different kinds. That the correlation coefficient is fumy 
as high as 0.86- seems to indicate that the hemoglobin saturatic 
unit of erythrocytes in this material is maintained with rathe 
persistence. We find, however, that for further information. ( 
study here applied ought to be applied to larger and separai- - 
ferent kinds of diseases. 
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Table ri 


Results ov Computation 


HEMO- 
GLOBIN, | 
GM. 

1 

HEMATO- 

CRIT, 

PER CEXT 

REDUCTION 
PLATELET 
VOLUME, 
PER CENT 

HEMO- 

GLOBIN', 

G.M. 

HEMATO- 

CRIT, 

PER CENT 

REDUCTION 
PLATELET 
VOLUME, 
PER CENT 

hemo- 

globin, 

GM. 

HEMATO- 

CRIT, 

1 PER CENT 
1 

REDUCTION 
PLATELET 
VOLUME, 
PER CENT 



3.0 

9.0 

2S.4 


15.0 

i 41.7 





9.1 

2S.6 


15.1 

1 41.9 





9.2 

2S.S 


15.2 

42.1 

8.5 




9.3 

29.1 


15.3 

42.3 





9.4 

29.3 


15.4 

42.6 





9.5 

29.5 


15,5 

42.S 





9.6 

29.7 

j 

15.6 

43.0 





9.7 

29.9 

j 6.0 

15.7 

43.2 





9.S 

30.2 

j 

15.S 

43.4 





9.9 

30.4 

1 

15.9 

43.7 


4.0 

17.3 


10.0 

30.6 

J 

16.0 

43.9 


4.1 

17.5 


10.1 

! 30.8 

j 

16.1 

44.1 


4.2 

17.S 


10.2 

31.1 


16.2 

44.3 


4.3 

1S.0 

3.6 

10.3 

31.3 


16.3 

44.5 


4.4 

18.2 


10.4 

31.5 


16.4 

44.8 


•i.5 

18.4 


10.5 

31.7 


10.5 

45.0 

9.0 

4.6 

18.7 


10.0 

31.9 

G.5 

16.6 

45.2 


4.7 

18.9 


10.7 

32.2 1 

16.7 

4o.4 


4.3 

19.1 


10.S 

32.4 

1G.S 

45.7 


4.9 

19.3 


10.9 

32.6 j 

16.9 

45.9 


5.0 

19.5 


11.0 

32.S i 

17.0 

46.1 

9.2 

5.1 

19.S 


11.1 

33.0 


17.1 

46.3 


5.2 

20.0 

4.0 

11.2 

33.3 


17.2 

46.5 


5.3 

20.2 


11.3 

33.5 


17.3 

46.8 


5.4 

20.4 


11.4 

33.7 


17.4 

47.0 


o.o 

20.6 


11.5 

33.9 


17.5 

47.2 


5.6 

20.9 


11.6 

34.1 


17.6 

47,4 


5.7 

21.1 


11.7 

34.4 


17.7 

47.7 


5.8 

21.3 


11.8 

34.6 


17.S 

47.9 


5.9 

21.5 


• 11.9 

34.S 


17.9 

48.1 

9.6 

6.0 

21.7 


12.0 

35.0 

7.0 

1S.0 

48.3 


6.1 

22.0 

4.5 

12.1 

35.2 


1S.1 

4S.5 


6.2 

22.2 


12.2 

35.5 


18.2 

4S.S 


6.3 

22.4 


12.3 

35.7 


1S.3 

49.0 


6.4 

22.6 


12.4 

35.9 


1S.4 

49.2 


6.5 

22.0 


12.5 

36.1 

7.2 

IS .5 

49.4 


6.6 

23.1 


12.6 

36.4 


18.6 

49.6 


(5.7 

23.3 


12.7 

36.6 


18.7 

49.9 


6.8 

23.5 


12.S 

36.8 


18.8 

50.1 

10.0 

0.9 

23.7 


12.9 

37.0 


18.9 

50.3 


7.0 

24.0 


13.0 

if t 


19.0 

50,5 


7.1 

24.2 


13.1 

37.5 


19.1 

50.7 


7.2 

24.4 


13.2 

37.7 


19.2 

51.0 


7.3 

24.6 


13.3 

37.9 


1D.3 

51.2 


7.4 

24.9 


13.4 

38.1 

7.6 

19.4 

51.4 


7.5 

25.1 

5.0 

13.5 

38.3 


19.5 

51.6 


7.6 

25.3 


13.G 

38.6 


19.6 

51.9 


7.7 

25.5 


13.7 

3S.S 


19.7 

52.1 


7.8 

25.7 


13.8 

39.0 


19.8 

52.3 


7.9 

26.0 

5.2 

13.9 

39.2 


19.9 

52.5 


8.0 

26.2 


14.0 

39.5 


20.0 

52.7 


8.1 

26.4 


14.1 

39.7 


20.1 

52.9 


8.2 

26.6 


14.2 

39.9 


20.2 

53.2 


8.3 

26.S 


14.3 

40.1 

s.o 

20.3 

53.4 


8.4 

27.1 


14.4 

40.3 


20.4 

53.6 


8.5 

27.3 


14.5 

40.6 


20.5 

53.9 


8 6 

27.5 


14.6 

40.8 


20.6 

54.1 


8 7 

27.7 


14.7 

41.0 


20.7 

54.3 


8 8 

27.9 

5.6 

14.8 

41.2 


20.8 

54.5 


8.9 

| 28.2 


14.9 

41.4 


20.9 

54.7 | 
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Table II— Cont’d 


HEM. O' 
GLOBIN’, 
Git. 

HEMATO- 
CRIT, 
PER CENT 

REDUCTION 
PLATELET 
VOLUME, 
l'ER CENT 

JIKMO* 

ULOIUN, 

CM. 

HEMATO- 

CRIT, 

PER CENT 

REDUCTION 
PLATELET 
VOLUME, 
PER CENT 

HEMO- 

GLOBIN, 

GM. 

HEMATO- 

CRIT, 

l’ER CENT 

REDUCTION 
PLATELET 
VOLUME, 
PER CENT 

21.0 

55.0 

11.0 

04 0 

62.0 


27.4 

69.1 


21.1 

55.2 


24.3 

02.3 


27.5 

C9.3 


21.2 

55.4 


24.4 

62.5 


27.0 

09.6 


21.3 

55.6 


24.5 

62. 7 


27.7 

69.8 


21.4 

55.8 


24.6 
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64.0 


28.3 
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57.6 


25.4 
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. 

22.4 
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73.3 


23.0 
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74.0 


23.3 
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Hemoglobin and Hematocrit Readings (Rowntree and Brown With Assistance of Roth) 

HEMOGLOBIN PER 100 C.C. OF BLOOD, GM.* 
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0 to 7.9 
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0 

1 



1 

15 to 19 




1 

0 
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1 

6 

6 

4 

1 

25 to 29 




4 

10 

11 

4 
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1 

4 

10 

17 
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10 

27 
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2_ 

13 
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1 



•> 
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38 

62 

11 

1 

1 
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16 to 17.9 

IS to 19.9 

20 to 21.9 

22 to 23.9 

24 to 25.9 
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11 
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40 

14 
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15 

0 
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3 

2 

2 
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0 
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1 
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4 

I 

4 
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1 

0 

— 
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Applying Karl Pearson’s product-moment method of computing correlations, 
it has been possible to compute from any known value of grams of hemoglobin 
per 100 c.c. of blood, the correlated hematocrit value. The correlation is pub- 
lished in the form of a table. The practical applicability of such a table is 
clear when information is sought about two values and when determination 
of only one of the correlated values concerned is performed. An example is 
given in applying the table to the correction of the van Allen determination 
of platelet volume. The hemoglobin saturation of the volume unit of the 
erythrocytes is briefly discussed and in this series of 412 determinations is 
assumed to be remarkably constant. 
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DEXTROSE, Effects of Intravenous Administrations of Hypertonic Solutions of, Masser- 

man, J. H. J. A,. M. A. 192: 20S4, 1934. 

The effects of the intravenous injection of solutions of dextrose in various amounts 
and concentrations were studied in S5 normal patients. The administration of 50 gm, or 
less in 20 per cent solution produced no untoward clinical sequelae other than diuresis; 
however, the intravenous injection of 100 gm. or more in 35 to 50 per cent solution 
caused headaches and other adverse symptoms in 72 per cent of cases, whereas 58 per cent 
of the patients receiving 185 gm. or more suffered transient pyrexia. The intravenous 
administration of isotonic solutions caused a transient increase in cerebrospinal fluid 
pressure; with hypertonic solutions in effective concentration (100 to 200 gm. in 20 to 35 
per cent solution) this initial rise was followed by a secondary fall in cerebrospinal fluid 
pressure, which in turn was superseded within an average of three hours by a tertiary 
increase to levels from 8 to 148 mm. of water above normal. The latter phenomenon is 
of clinical significance in relation to the late adverse effects sometimes observed in cases 
of intracranial hypertension treated by the intravenous injection of strongly hypertonic 
solutions. 


BILIRUBIN, Emst-Eoster Method of Measuring in the Blood, Gajdos, A. Rev. Med.-Chir. 

des Malad. du Eoie 9: 45, 1934. 

Gajdcs believes the Ernst-Foster method superior to Tan den Bergh’s in the deter- 
mination of bilirubinemia, especially when the concentration in the blood is low. 

The method follows: 

1. To 1 c.c. of serum or plasma add 2 e.e. of acetone. 

2. Mix well, filter, and centrifuge the filtrate. 

3. Compare the supernatant fluid either in a colorimeter with a 1:6,000 dilution of 
potassium bichromate (representing 0.329 mg. of bilirubin per 100 c.c.) or against a series 
of standards prepared by graded 'dilutions. 

4. Multiply the reading by 3. 

If the bilirubin concentration is expected to be low only 1,5 c.c. of acetone is added 
to the serum, the reading then being multiplied by 2.5. 


CYCLOMASTOPATHY: A Physio-Pathological Conception of Some Benign Breast Tumors 
With an Analysis of Pour Hundred Cases, Oliver, R. R., and Major, R. c. A r’ 
Cancer 31: 1, 1934. ln ' 


In this review the development of the breast has been considered, together with the 
histologic changes accompanying the initiation, course, and completion of the v • 
cycles to which the organ is subject. A number of opportunities for abnormBiH^T 
behavior of tlio involved tissues have been demonstrated. n 

The dependence of the breast gland upon a complicated *• , 

been proved by work, the literature of which has heS reviewed st ^^on has 

The historical aspects of bonigu tumors of the breast have „„ , 

with the development of an involved terminology. ° lderecl to gether 

The term “cyclomastopathy’' is offered as a desien-itinn 
affections which present excessive connective tissue or epithelial TrolT ° £ brea9,t 

in response to growth stimuli or as a manifestation o/abnormnf 77 ' 01 both > 

normal r-wnonse. abnormal involution foliowing 
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The term “cecyclomustomu” is offered as a designation for localized areas of cyclo- 
mastopathy which give rise to palpable masses or to symptoms. The group of eases in- 
cluded in this study are examples of eeeyclomastomu. 

Four hundred cases of benign breast lesions have been analyzed. 

While not admitting of definite proof, it is the author’s impression that eceyclo- 
mastoma occurs more frequently in white than in colored women. 

The peak of age incidence for all cases is reached between the twentieth and twenty- 
fifth years. The peak of incidence for white women is reached in the same ago period; 
for colored women, in the period from fifteen to twenty years. The peak of incidence for 
both “fibro-adenoma ” and "intracanalicular myxoma” groups is reached in the same 
five-year period, i.e., between twenty and twenty-five. Consideration of the curves rep- 
resenting age incidence in the two groups reveals no significant difference. The group 
of “cystic adenoma” cases is too small to permit comparison. 

No conclusion as to the influence of marital status upon the incidence of cccyelo- 
mastoma can be drawn. In the married group, women who have borne children, that is, 
whose breasts have undergone lactation hypertrophy, outnumber those without children, 
two to one. 

Although no portion of the breast is exempt, eccyclomastoma has a predilection for 
the upper, outer quadrant. In the 23(i cases with localization in one quadrant, 44.5 per 
cent of the lesions were in an upper outer quadrant. 

A lump in the breast is the outstanding symptom, occurring in S3 per cent of cases. 
Pain occurred in 33 per cent and pain appearing or becoming intensified at the time 
of the menstrual period occurred in 13 per cent. 

The average duration for all cases was thirty-six months; for the “fibro-adenoma” 
group, forty-four months; for the “intracanalicular myxoma” group, thirty-one months. 
There was no significant racial difference. 

Movability of the mass was described in only 5(> per cent of all eases, a figure which 
does not indicate the actual general occurrence of this characteristic. 

In 13.75 per cent of the total number of cases the masses were multiple, involving 
one or both breasts. In 5.7 per cent of eases the mass occurred in a generally lumpy 
breast. 

Dimpling of the skin was observed in 11 cases and retraction of the nipple in 3 
cases. In those cases in which a preoperative diagnosis wns made, the lesion was con- 
sidered benign in 94 per cent. 

The operation of choice was simple excision with a zone of surrounding breast. 
Where the size of the mass demanded or where the diagnosis of malignancy or possible 
malignancy was made, amputation or the complete operation was done (12 per cent). 

One hundred and ninety-eight cases have been followed for more than one year 
after operation, and the results are tabulated. 

The stroma of the breast consists essentially of two types, the interlobular which 
includes the interlobar, and the intralobular which includes the periductal and pcriacinar. 

The importance of the changes occurring in the breast at puberty in connection with 
the production of eccyclomastoma and the possibility that many eccyelomastomata discov- 
ered late in life date from the time of puberty, have been emphasized. 

It has been demonstrated that hypertrophy of breast tissue may be grossly unilateral 
or bilateral, may be diffuse or isolated and, if isolated, single or multiple in one or both 
breasts; and may consist of epithelial or connective tissue hyperplasia or any combination 
of the two. Also, it has been demonstrated that connective tissue hyperplasia may be 
interlobular or intralobular or both. 

Encapsulation has been found to be a mechanical phenomenon, without significant 
bearing upon the pathology of eccyclomastoma. It is the author’s belief that encapsulation is 
never entirely complete and that through their ducts the affected areas maintain connec- 
tion. with the remainder of the gland. 

The general absence of uniformity of microscopic appearance throughout the affected 
areas has been emphasized. 
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The microscopic picture generally associated with the term “intracanalicular” may 
occur as a result of the involvement of an entire lobule as well. This typo of pathology 
is, therefore, not necessarily intraductal. 

Efforts to find a constant association between any particular type or consistency of 
connective tissue or any type of epithelial hyperplasia and rapidity of growth, duration 
of the mass, and age of the patient have been fruitless. 

Epithelial cells lining duets and acini with a tendency toward dilatation are likely to 
assume columnar form and acidophilic staining properties, und are not necessarily related 
to sweat glands or residual lactation. 

In three eases fully differentiated squamous-cell epithelium and transitional stages 
between squamous and glandular types were found within areas of cccyeloniastoma in 
which proximity to the skin could be definitely eliminated. 

The cases of "fibro-adenoma, " "intracanalicular myxoma," and "cystic adenoma" 
have been incorporated into one group in the absence of sufficient differentiating features, 
either pathological or clinical, to justify their separation. 

It has been found that all the microscopic appearances commonly associated with 
chronic cystic mastitis, single and multiple cysts, papillary eystadenoma or Sehimmel- 
busch’s disease, dilatation of ducts and acini, desquamation, and the assumption of 
columnar form and acidophilic staining, are encountered within these benign areas of 
eccyclomastoma. 

The evidence of response on the part of breast epithelium and connective tissue 
to hormonal stimuli, in the elaboration of which the ovary and anterior pituitary body 
at least must play a part, has been accepted. The fact that sueh hormonal control intro- 
duces a variable factor and a potential pathogenic agent has been stressed. 

A second variable factor and potential pathogenic agent has been postulated, namely, 
a lack of uniformity of tissue behavior in response to stimulation. Evidence of such a 
Jack of uniformity, oven in processes considered normal, has been adduced. 

It has been pointed out that every evolutionary or hyperplastic phase in any of 
the breast cycles is followed normally by an. involuntionary phase, which in pregnancy 
and menstruation has its own proliferative aspects. It immediately follows that involution 
offers its own peculiar opportunities for abnormal behavior. 

Any relationship between eccyclomastoma and carcinoma has been denied. There 
may be a slight tendency on the part of those masses to undergo sarcomatous change. 


BLOOD SEDIMENTATION, The Significance of Repeated Red Cell Sedimentation Rate 
Determinations in. Pulmonary Tuberculosis, Siltzbach, L. E. Am. Rev. Tuberc. 29: 
673, 1934. 


The E.S.R. curves (Cutler) were studied on 4D4 patients with pulmonary tuberculosis: 
1170 individual tests were performed. The data so obtained were analyzed, and correla- 
tive studies with the constitutional and local manifestations of the disease were made 
It was found that curves reflecting moderate and severe activity occur with greater fre- 
quency in patients with fever, rapid pulse, loss of weight, positive sputum, cavity-forma- 
tion, extensive lesions, and cxtrapulmonary tuberculosis. The E.S.R. curve reflects the 
progress of the disease and a change in E.S.R. curve often precedes the change in clinical 
symptoms and signs. It is of value, therefore, in prognosis in pulmonary tuberculosis 
In collapse therapy the E.S.R. may be utilized as a gauge of the effectiveness of the 
treatment. The use of E.S.R. curve determinations in routine sanatorium and nrivate 
practice in tuberculosis is recommended. _ x 


<"• S— Mm,-*. B. Am. B„. 

^ ■». ». patiiog. 

Hemorrhagic, purulent, and xanthochromic fluids <<r i 

which are usually distinguishable from those obtvned if u p0Sltlve ' factions 

0 obta!ncd m tuberculous meningitis by the 
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purplish color. Indistinguishable positive reactions may be obtained with clear spinal 
fluids in which the protein is increased. 

There is sufficient evidence to warrant tho use of the tryptophane test as a routine 
procedure in the examination of the spinal fluid. 

PREGNANCY, Studies in Pernicious Anemia of: Tropical Macrocytic Anemia as a De- 
ficiency Disease With Special Reference to the Vitamin B Complex, Wells, L. In- 
dian J. M. Res. 31: 069, 1934. 

Evidence is adduced and discussed that tropical macrocytic anemia is a simple con- 
dition of dietary deficiency. 

The curative action of marmite (a veast extract) in this condition already reported 
has been confirmed. 

The nature of the hemopoietic factor was investigated by the use of various specially 
prepared fractions of the vitamin B complex. 

By this means the recognized constituents of the vitamin B complex were excluded. 

The hemopoietic fraction of marmite was found to be water-soluble and heat-stable 
in acid medium and not to be precipitated or inactivated by SO por cent alcohol. 


TUBERCULIN REACTION, Quantitative Study of, in Childhood Tuberculosis, Johnston, 

J. A., Howard, P. J., and Maroney, J. Am. Rev. Tubcrc. 29: 052, 1934. 

The reaction to tuberculin in the childhood type of tuberculosis has been studied 
throughout the evolution of the primary complex and found to follow a curve which rose 
to a high peak following the absorption of tho parenchymal lesion and corresponding with 
the maximal involvement of the hilum lymph nodes, and then to decline with tho diminu- 
tion in size of these nodes, and their calcification. While this course of events is usually 
paralleled by peripheral blood changes associated with healing, the same tuberculin course 
was seen when x-rays showed absorption but the blood picture remained equivocal, or 
even showed retrogression. It is the authors’ feeling that these data favor the concept 
that the allergic and immune phenomena, in so far as the latter are reflected in the 
peripheral blood, are relatively independent. 


TRICHOMONAS VAGINALIS, Incidence and Treatment of, in Pregnancy, Glassman, O. 

J. A. M. A. 102: 1748, 1934. 

Vaginal discharge during pregnancy is often dismissed as a normal physiologic 
change but is frequently associated with Trichomonas vaginalis. 

In a series of 309 pregnant patients personally examined, Trichomonas vaginalis was 
found in 20.7 per cent. 

The symptoms are essentially the same as in the nonpregnant, and the diagnosis is 
easily made by a hanging drop. 

The cases reported showed no increased puerperal morbidity. 

The multiplicity of treatments indicates that a satisfactory method is not available, 
but a crystalline phenol powder has been used with good effect in this series. 

Some cases are apparently cured spontaneously during labor and tho puerperium. 

The life cycle of the trichomonas requires further study, but in the meantime many 
patients may be given much relief from the annoying symptoms and leucorrheal discharge 
associated with this organism by more careful attention to the microscopic examination of 
the vaginal secretion. 


B DIPHTHERIAE, Differentiation of, Dockeray, G. C. Irish. J. M. Sc. 97: 12, 1934. 

The medium, following is simple and easy to prepare and has been found of value 
in the isolation of B. diphtherine. 

Two Erlenmeyer flasks of about 500 c.c. capacity are taken and 150 c.c. of 5 per cent 
t in one' This is sterilized in the autoclave, and while still liquid is used to 
prepare the medium. In the other flask is 150 c.c. of tryptic digest -broth. To the broth 
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from 20 to 30 e.c. of sterile citrated human blood is added, followed by 120 nig. of 
potassium tellurite dissolved in a few cubic centimeters of sterile saline solution, the 
telluritc-blood-broth mixture is warmed to about 40° C. and is then poured into the melted 
agar, which has been allowed to cool to about 70° G. The mixture is heated in a water 
bath at 75° C. for ten minutes and, when cooled to from 50 to 55° C., is poured as plates. 


XNTB AVEN OTJ S THERAPY, Study of Hyperpyrexia Reaction following, Banks, H. M. 

Am. J. Clin. Path. 4: 200, 1934. 

The reaction that follows intravenous administration of solutions is an entity char- 
acterized by an immediate and prompt rise of temperature in extremely high degree and 
usually associated with a severe rigor lasting about twenty to thirty minutes. This 
clinical picture is not to be associated with shock and is entirely separate and distinct 
from it. Intravenous reaction has a definite, specific, etiologie factor. This factor is 
the introduction of dead or living products of bacterial growth or cultures of, Pseudomonas 
scissa or ureae, into the blood stream of the individual. 

These organisms were isolated in pure eulture from the offending solution, rein- 
jected into the individual and produced the same clinical picture. It was not possible to 
recover the organism from the blood stream of the individual suffering from a reaction, 
even though cultures were made at various times during the rigor. 

The pyrogenic substance may be used as a therapeutic agent to produce hyperpyrexia. 


TYROSHTORIA, Origin and. Significance of, in Disease of the Liver. Lichtmann, S. S. 
Arch. Int. Sled. 53: 680, 1934. 


Tyrosinuria was studied in health and in disease by the tyrosinase method. Its 
occurrence and estimation proved to be of significance in the diagnosis and prognosis of 
diseases of the liver and bile passages and in the interpretation of its mode of origin. 

The quantitative observations in excretion of tyrosine confirm the view that the 
abnormal amounts of amino-aeids excreted in the urine of patients with acute atrophy of 
the liver originate mainly from autolyzed liver tissue. "While it is conceded that in 
acute diffuse degeneration of the liver the function of the liver in deamination may fail 
and contribute to the amino-aciduria, this factor plays only a minor role. Studies of 
the amino-nitrogen content of the blood and urine in some cases of subacute atrophy of 
the liver with tyrosinuria indicates that in this less acute form of degeneration of the 
liver tyrosine may appear in the urine when there is no apparent disturbance in the 
metabolism of amino-aeids. 


Observations on the rate of excretion of tyrosine are of diagnostic significance. Con- 
tinuous massive tyrosinuria occurs only in eases of acute yellow atrophy with a rapid 
and fulminant course. Transitory minimal and moderate tyrosinuria occurs in cases of 
subacute atrophy of the liver, in degenerating neoplasm of the liver, in toxic degeneration 
of the liver and uncommonly in obstructive jaundice of long standing due to stone In- 
flammatory lesions of the bile passages do not of themselves give rise to tyrosinuria 

Extrahepatic foci of autolysis, such as degenerating tumors of the lung or extensive 
sloughs of the skin, may give rise to minimal or moderate amounts of tyrosine in the 
nrine. 


The transitory nature of minimal or moderate tyrosinuria is demonstrated by re- 
peated tests. During the phase of recovery from degeneration of the liver, the products 
of parenchymal autolysis have already been absorbed and L prouucts 

urine, but with a fresh attack of degeneration of £ Hvertvrns " ^ ^ 

urine. In the stage of repair, namely in ^ 

stages of subacute yellow atrophy with a critical reduction in the Wt' h T”" 
of the liver, tyrosine may not be demonstrable in the urine ftg parenchyma 
Tyrosinuria may occur without jaundice either „„ ’ 

those of demonstrable disease of tho liver. SCS ° f extrahe P atic origin or in 
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Quantitative observations with respect to tyrosine are of prognostic value. In 
cases of minimal tyrosinuria the patients are more likely to recover, whereas cases of 
massive tyrosinuria terminate fatally in a short time. Mounting tyrosinuria indicates 
rapidly progressive degeneration of the liver. However, the absence of tyrosinuria in 
cases of degeneration of the liver does not warrant an optimistic prognosis. 

CHOLESTEROL, Blood, and Thyroid Disease, Hnrxthal, L. M. Arch. Int. Med. 53: 7t>2, 

1931. 

Postoperative myxedema is accompanied by hypercholesteremia. 

Subtotal thyroidectomy may be followed by hypercholesteremia without clinical 
myxedema. This is interpreted as a transient thyroid deficiency. 

Subtotal thyroidectomy may be followed by low metabolic rates without hypercholes- 
teremia. In these cases myxedema is seldom found. 

Roentgen thorapy can produce transient hypercholesteremia with or without clinical 
myxedema. 

Removal of part of a thyroid gland affected hy chronic thyroiditis may be followed 
by hypercholesteremia and myxedema. 

Thyroid deficiency produces myxedema and hypercholesteremia, but at times myx- 
edema may be clinically imperceptible. 

Hypercholesteremia, when not explainable on any other basis, may be considered 
as possibly of thyroid origin, aud is a rational indication for thyroid administration. 

The finding of hypercholesteremia, in the absence of its few other common causes, 
points more specifically to thyroid deficiency than does the finding of a low metabolic 
rate. Finding both renders the possibility of thyroid deficiency extremely likely. 

The relationship between the blood cholesterol and tlio basal metabolism is usually 
reciprocal when they undergo change as the result of variations in the activity of the 
thyroid gland or thyroid substance in the body. 

The blood cholesterol provides another variable which may bo used as a guide in 
the treatment of thyroid disease. 

EBON", Constancy of, in the Blood Plasma and Urine in Health and Disease, Marlow, A., 

and Taylor, F. H. L. Arch. Iat. Med. 53: 551 , 1934 . 

The iron content of the blood plasma of normal persons varies between 0.4 and 0.7 
mg. per hundred c.c., while that of the urine ranges from 0.03 to 0.S mg. per twenty-four 
hours. 

The iron content of the blood plasma and urine of three patients with hypochromic 
anemia duo mainly to chronic loss of blood and of two patients with pernicious anemia 
soon after remission had beeu inaugurated was found to vary within normal limits. The 
oral administration of ferric ammonium citrate to these patients and to normal persons 
caused no definite increase in the iron content of the blood plasma or of the urine. How- 
ever, in the normal person studied there was perhaps a slight increase in the urinary 
excretion of iron following the oral administration of this substance in an acid-buffered 
medium. 
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Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


A Synopsis of Medicine* 

\V 7 IilLE it is not the purpose of a “synopsis” to serve as a textbook of medicine, as a 
” source of ready reference and a means of review, such works have an eminently practical 
and valuable place in the practitioner’s library. 

Tidy’s is among the best known of such works so that it is not surprising to see a new 
sixth edition which has been extensively revised to keep abreast of the new and important 
advances which have been made since tiic last edition in 1930. 

Tlie revision has been thorough and extensive, so much so that the book has been entirety 
reset, the new material making an addition of about twenty-five pages. 

Among the sections in which many changes have been made are those on Deficiency 
Diseases, Diseases of the Parathyroid Glands, and Diseases of the Bones. 

Nineteen new articles have been added and extensive changes made throughout the 
text in general. 

The book can be recommended confidently to the practitioner as reflecting the status 
praesens of the entire field of medical practice. 


Tumors of the Female Pelvic Organs-)- 

T N THIS book Dr. Meigs presents a survey of the present knowledge of the various tumors, 
1 both benign and malignant, that occur in the female pelvic organs. 

While the material is based chiefly upon a series of cases from the Massachusetts General 
Hospital, these have been so carefully studied and verified and the pertinent literature so 
thoroughly reviewed, that the book may justly be regarded as an extremely valuable and 
authoritative presentation of the subject. 

In view of the extensive and almost bewildering accumulation of literature in this 
field, this book should be heartily welcomed by all concerned with it, as who should not be 

The plan upon which the volume is constructed is eminently practical. Beginning in each 
instance with a survey of the present pathologic knowledge of the tumors in each organ 
Dr. Meigs then discusses in correlation with these facts the clinical signs and symptoms and 
finally the appropriate methods of ticatment and their results. 

The style is clear and simple and the volume bears the stamp, not only of a thorough 
acquaintance with the literature, marked by discriminating analysis, but also of an extensive 
and well-evaluated practical experience. e " lensu e 

Both the author and the publishers are to be coimratnlated ™ 

T. «« «» lte 

book should come as a standard reference text not likely to be disnlne i V ner ^ ei 8 s ’ a 
- - *• 

•A Synopsis of Medicine. By Henry Lethehv t-i 
L ondon, etc. Ed. G. cloth, pp. U12. Wm. W ooil & <£ R,»*? ysfcian to st - Thomas’ Hospital 
tTuwors of the Female Pelvic OrsanT t" alt, ™ orc - -Hospital. 

Surgery. Harvard Medical School, with i, l °$. Vincent Meigs xrr> r„,.» 

elect, American College ot Surgeon” 193.1-34 rv fe' Rohert B. Grcefmeh tVn n UC ?, r ln 
mtllnn Company. New York. ■ ■‘•’•*•*-34. . Cloth, pp. 533; 261 illustrations The* jl£c' 


779 


780 


THE JOURNAL, OF LABORATORY AND CLINICAL MEDICINE 


Physical and Clinical Diagnosis* 

' | 1 HAT this book has achieved twenty-four German and two English editions will not be 
-*• surprising to the reader for in small compass it covers, and covers clearly aud well, the 
entire field of physical and clinical diagnosis. 

Intended to serve as a succinct and compact compendium for use as a handbook of 
ready reference, it achieves its purpose excellently well. While succinct it is not laconic and 
comprises a wealth of material of practical value. That so much can be contained in so little 
space is largely due to the format, the volume being pocket size. Unlike so many “pocket 
manuals” the type is of comfortably readable size and character. 

This book may be highly recommended. 


Die operative Technik des Tierexperimentest 

HT HE second edition of this manual which comprises the fifth division, Part 3 c of Abder- 
halden's “Handbuch dcr biologischen Arbeitsmetlioden ” will be found of inestimable 
value for those who are eugaged in the laboratory sciences. The author describes the habits 
and care of the ordinary laboratory animals, the various anesthetics and their mode of ad- 
ministration, and the question of asepsis quite thoroughly. Detailed descriptions are given of 
the various operative procedures on almost every organ of the body. The text is replete with 
excellent illustrations. 

H. B. Haag. 


♦Physical and Clinical Diagnosis. By Dr. Otto Seifert, late Professor of Medicine, 
Wi,pr7hurc and Dr. Friederich Muller, Professor of Medicine, XI Clinic, Munich, Second English 
nvitHnn Authorized translation by E. Cowles Andrus, M.D., Associate Professor of Medicine, 
Johns Hopkins Hospital. Cloth, pp. 561, 152 figures, 4 color plates. J. B. Lippincott & Co.. 
Philadelphia. 

"■nie oDerative Technik des Tierexperimentes. (The Operative Technic of Animal Ex- 
n» r ™JirtO Bv H. F. O. Haberland, Dr. med., Professor of Surgery. University of Koln. 434 
pages with 382 illustrations. Urban & Schwarzenberg. Berlin, 1334. 
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EDITORIAL 


The Mills of the Gods and Anesthesia 

THE mills of the gods grind slowly. And there are perhaps few fields of 
1 human endeavor in which this has been better illustrated than in that of 
anesthesia, for the long and despairing silence of more than two thousand 
years between the discovery of opium and the first practical use of ether 
nitrous oxide and chloroform to relieve human suffering serves to illustrate 
m a singularly striking manner the weakness and the strength the failures 
and the successes of the healing art. It is interesting to note thai even so late 
as 1839 the great French surgeon Velpeau was able to write that “to escape 
pam during surgical operations is a chimera for which im T? 

within .nr time.” This was o„, r three 

m a surgical operation. And it certainly behooves tlm r i ® eci etllei 
anxiously view the future in hopefulness' that history may 
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itself with reference to some of the other great, stumblingblocks that have 
battled medical science for much more than two thousand years. But not- 
withstanding the agonies and horrors through which the human race passed 
before anesthesia got its start, it now seems certain that no fault can be found 
with the speed of advancement nor witli the volume of knowledge by which 
anesthesia has been enriched in very recent years. Indeed it seems very prob- 
able that the specialty of anesthesia is now further advanced and has attained 
a more certain and satisfactory command of its particular problems than is 
the ease with any other specialty in the whole field of medicine. 

It has now been just twenty years since a paper on the invention of the 
closed system for anesthesia with absorption of carbon dioxide constituted the 
first article 1 which introduced this .Tounx.vn to the medical profession in 
October, 1915. In the meantime ethylene and cyclopropane have been added to 
the list of gaseous anesthetics. And vinesthene (divinyl ether) which has 
much in common with the gases, has been introduced. It now seems certain 
that hereafter a constantly increasing number of anesthesias produced by 
these anesthetic agents will be carried out by the use of the carbon dioxide 
absorption method. The increased safety (for these anesthetics are explosive 
and inflammable), the reduced cost and the greatly improved type of anes- 
thesia made possible by this method will insure its eventual almost universal 
adoption. 

Trichlorethylene, 2 which has general anesthetic properties and is neither 
explosive nor inflammable, may be so cheap that it can better be used without 
the closed system, but even here the relative advantages are yet to be in- 
vestigated. 

“While none of these anesthetics are absolutely ideal still they represent a 
great stride forward. The introduction of the newer barbiturates and similar 
hypnotics as basal anesthetics, or in some instances, as the sole anesthetic agent 
used, also represents a distinct advancement in this field. 

Cyclopropane, the newest gas to be used extensively as a general anes- 
thetic, is a three carbon cyclic compound isomeric with propylene and having 
the formula C 3 H 0 . It was first prepared by Freund 3 in 1SS2, while Lucas and 
Henderson 1 in 1929 carried out a series of animal and chemical experiments 
and announced the general anesthetic properties of the gas on animals and 
also the observation that only 9 per cent of cycloixropane in oxygen would 
produce unconsciousness when inhaled by these workers. Ten to 20 per cent 
of the gas in oxygen produced satisfactory anesthesia, with but little change 
in the vital physiologic functions of the body. Waters and Schmidt as earlj r 
as 1932 were working with the gas, and in 1934 Stiles, Neff, Rovenstine and 
Water's 5 published a most interesting report, on four hundred and forty-seven 
anesthesias with cyclopropane. With the especial caution that the use of the 
°-as should be regarded as still in the experimental stage for another year 
these workers reported satisfactory results in this series of anesthesias. The 
"as acts quickly and powerfully and complete relaxation can nearly always 
be obtained. Waters and his coworkers failed in only two of the four- hun- 
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dred and forty-seven eases mentioned above. In one of these ether produced 
relaxation only after a huge amount had been administered. The gas is more 
rapidly flexible than ether and consequently the depth of anesthesia can be 
regulated much more quickly. Consciousness is usually regained in four or 
five minutes though the occasional patient may require as long as ten to 
twelve minutes. This recovery time corresponds well with that following tn- 
chlorethylene. Cyclopropane is apparently rapidly exhaled from the body and 
when the patient revives he thereafter remains awake. Postoperative compli- 
cations compare favorably with those of other anesthetics in general use. It 
seems probable that in this respect triclilorethylene may be freer from post- 
operative nausea, etc., than cyclopropane or most other anesthetics. 

Cyclopropane is explosive but less so than ethylene. There is also a dif- 
ference in the relative explosiveness of various percentage mixtures of each 
of these gases with oxygen. A good anesthetic mixture of ethylene and oxy- 
gen will hardly explode although it may burn like illuminating gas. But a 
10 or 15 per cent mixture of ethylene with 85 or 90 per cent of ox 3 r gen is very 
explosive. On the other hand it appears that the most explosive mixture of 
cyclopropane with oxj r gen is in the neighborhood of 50 per cent of each gas. 
The best anesthetic mixture of cyclopropane with oxygen, however, is within 
the limits of 10 to 20 per cent of the gas with oxygen. This mixture will 
hardly explode, but 25 per cent cyclopropane with 75 per cent oxygen is 
moderately explosive. From this it will be seen that the anesthesia is started 
with a mixture that is not explosive, and it is only as more and more of the 
gas is given to increase the depth of the anesthesia that a really explosive 
mixture is produced. Just the reverse of this happens in starting off an anes- 
thesia with ethylene. Here one may hurry to increase the percentage of 
ethylene to get past the most dangerous mixture, while with cyclopropane 
one may hold back the gas to keep within safer limits. 


Cyclopropane appears to be too powerful and too rapid in its action to 
render its use safe within the medical profession at large until a pei'iod of 
education in its action and administration can be carried out. This is espe- 
cially true for those who have not had special training in the field of anes- 
thesia. For the gas produces a rapidly moving series of symptoms which 
differ considerablj r in several respects from those produced by the other older 
anesthetic agents. Triclilorethylene 0 on the other hand acts more slowly, 
there is often a rather marked excitement stage and the patient does not seem 
to be so profoundly depressed. But the ( central ) analgesic properties of the 
drug, even in very small doses, are often well marked as may be seen in its 
use to relieve the pains of tic douloureux, 7 in about 10 or 11 per cent of which 
patients may be permanently cured under its use. ' 


The splendid investigations which are now being vigorously carried for- 
ward along these lines by sueli workers as Woodbridge, Waters, Hammond 
Leake. Bourne. Herb, Lundy. Luckliardt, Rovenstine. Guedel, Brown and 
many others can leave no doubt but that at last the mills of the -ods are 
grinding rapulb as veil as exceeding fine” so far as anesthesia is concerned. 
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serum, and by the existence of agglutinins in the serum which agglutinate the 
cells of the 3 other types. This is the so-called universal donor, since its cell, by 
virtue of its inagglutinability can be injected intravenously, as a rule, into per- 
sons of any group with impunity. This type, which in the white race is found 
in about 40 to 50 per cent of all individuals, is to be contrasted with a much 
rarer type (3 per cent). Group AB, which cell is agglutinated by the serums of 
all other individuals and whose serum contains no agglutinins. Such individuals 
are the so-called universal recipients (Group IV Jansky, I Moss), since they will 
accept generally intravenous injections of any cells by virtue of lack of 
agglutinins. The two remaining types of blood (Groups A and B) are “cross- 
specific,” since the serum of the one type will agglutinate the cell of the other 
and vice versa. 

The two can be differentiated by their varying frequencies in the white 
population, the A type occurring more frequently (40 per cent for A, and 10 to 
15 per cent for B). 

The relationships of the four blood groups, as well as the various terminol- 
ogies, are summarized in Table I. While the terminologies of Moss and Jansky 
are still being employed in many hospitals, the nomenclature by letter has the 
very decided advantage since the group is identified by the agglutinable property 
present in the red blood cell. It must be pointed out that the grouping by 
letters has been recommended by a special health committee of the League of 
Nations and also, by the American Association of Immunologists. In order to 
avoid confusion, and until hospitals agree to use the Landsteincr classification, 
physicians must acquaint themselves with the three nomenclatures. 


Table I* 


AGGLUTININS 

JANSKY 

IN SERUM OP GROUP 
MOSS LANDSTEINER 

AGOLUTINIX 

RED 

O 

BLOOD 

A 

CELLS OP 
B 

GROUP 

AB 

i 

IV 

0 

Anti-A 

Anti-B 

0 

+ 

+ 

+ 

ii 

ii 

A 

Anti-B 

0 

0 

+ 

+ 

hi 

hi 

B 

Anti-A 

0 

T 

0 

+ 

IV 

i 

AB 

0 

0 

0 

0 

0 


*+ indicates agglutination. 

0 indicates absence of agglutination. 


The elements in the serum, the isoagglutinins, are generally identified by the 
Greek letters a and j3 or the corresponding terms anti-A, and anti-B. 

The proof for the theory of 2 agglutinable substances isoagglutinogens and 
two corresponding agglutinins was furnished many years ago by Landsteiner. 3 
Accordingly blood cells of Group A remove isoagglutinin anti-A but not anti- 
B from serum 0; isoagglutinin anti-B is specifically absorbed by bloods contain- 
ing isoagglutinogen B; both antibodies are absorbed by blood cells of Group 
AB. (This technic is carried out by allowing one volume of serum to mix with 
one-half volume of packed and washed red blood cells for a short time and re- 
peating the process if the absorption is incomplete. Tests for the completeness 
of the" absorption are made by adding, in small tubes, one drop of the clear 
supernatant fluid to one drop of a 2(4 per cent suspension of washed blood.) 





m.oon ennui's 


iiKvixt;: 



As is well known the hlooil group of any individual can be readily deter- 
mined by using as reagents serums of Groups A and B (Table [, lines 2 and 
3). The technic of performing the tests is very simple, since the reactions, as a 
rule, are powerful, and withstand considerable dilution; they are stable over a 
range of temperature beyond 37° C. Nevertheless there are a number of 
phenomena which may cause confusion, particularly pseudoagglutination, cold 
agglutination, and the so-eallcd atypical agglutination exhibited by about 3 per- 
cent of all human serums. 4 ’ 3 

Pseudoagglutination or rouleaux formation is due to the existence of a sticky 
substance in the serum of pregnant women or in patients suffering from certain 
infectious diseases, i.e., tuberculosis, pneumonia, and rheumatic fever. When 
observed in the test tube, the phenomenon is characterized by a rapid sedimenta- 
tion of the cells; on examining such blood under the microscope, intense rouleaux 
formation is observed which in some cases may closely simulate typical isoag- 
glutination. This form of agglutination does not withstand even mild dilution, 
and in order to avoid errors attributable to pseudoagglutination, it is usually 
sufficient to dilute the stock grouping serums in performing the test. 

The difficulties incidental to cold agglutination are not so serious, because 
the cold agglutinins are rarely operative imder the usual conditions of carrying 
out blood grouping- tests, i.e., room temperature. 

Errors in blood grouping undoubtedly have been made because the group- 
ing serums employed had agglutinins other than anti-A or anti-B acting at 
room temperature on blood cells irrespective of the groups. A systematic in- 
vestigation of serums containing these atypical agglutinins has established the 
following facts. Although the reactions are distinct at room temperature, they 
are, as a rule, much weaker than those of typical isoagglutination; with few 
exceptions, they disappear if the tests are allowed to remain at 37° C. These 
reactions do not apparently play any significant role in the selection of donors 
for transfusion or in posttransfusion reactions. The specificity of the most 
common atypical agglutinins are such that they define the so-called subgroups 
A 1 and A 2 (agglutinins anti-A 1 and anti-A 2 ) and another factor called P. Brief 
mention of these factors null be made below. 


In order to avoid these confusing reactions, serums containing atypical 
agglutinins should not be used as testing serums. Actually there is no difficulty 
in determining the group of such serums since the abnormality exists only in the 
serum, the corresponding- red cell behaving in a normal manner. The occurrence 
of these atypical agglutinins and also the cold agglutinins is evidence for the 
assumption that there exists a great variety of individual blood differences aside 
from the classical four blood groups. ’ 


The jsoagglutmablc properties A and B are not confined to the blood cells 
but have been shown to be present m sperm cells 3 and in the cells of many oi-cmu* 
such as liver, kidney, and lung, but not in the brain. 2 ’ 3 This effect T 

demonstrated directly by tl,c agglutinin reaction on acconnt of the difficult! rf 
obtaining uniform suspension of organ cells but ntW " 

or 8 an cello «o absorb specificaliy is™ggta,i„^!g' J LIbT * 
specific inhibition of the isoagglntinin reaction, group specific m bs,a„™ have 
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been demonstrated in serum, urine, saliva, and seminal fluid. This specific re- 
action of soluble body fluids and isoantibodies is important from a theoretical 
point of view, since solutions are available to study the chemical properties of 
the group specific substances in these fluids, and some preliminary results by 
Sehiff, 9 Freudenberg 10 and Landsteiner 11 indicate that not proteins, but carbohy- 
drates are present in the active substance.* Studies with urine or saliva are 
particularly convenient on account of the difficulty of extracting completely all 
the active material from red blood cells. 

Brief mention null be made later of the medicolegal application of the facts 
stated above (see p. 794). 

The Factors A and B in Transf usion . — The role of the blood groups in the 
successful outcome of transfusion was thoroughly established as a result of the 
ample experiences acquired during the Great War and confirmed in the period 
following the War. Large series of eases are available which show that trans- 
fusion with compatible blood carried out with any of the i-eeognized methods, 
is a perfectly safe operation. On the other hand, except in those comparatively 
rare combinations of poorly agglutinable blood cells and weak isoagglutinins 
in the patient’s serum, accidental transfusion of incompatible blood even in 
comparatively small quantities results in immediate violent reactions which are 
frequently fatal.! 

Nowadays the selection of a compatible donor in the larger communities 
should be made much easier by organization of donor agencies, preferably in 
connection with a large university hospital, or the local medical society which 
lays down certain necessary and obvious requirements dealing with periodic 
examination of donors, frequency of donating blood, and price of blood. 

Lists of donors of all 4 groups are readily available so that, knowing the 
group of the patient, all that is required is a selection from the list of a donor 
of the same group, followed by a suitable direct cross matching of blood of donor 
and patient. This additional procedure is essential, since it selves at the same 
time also as a control of the blood grouping test made with the stock grouping 
serums. This order of the procedures, namely, first a blood grouping and then a 
direct matching, is preferable, otherwise it may be necessary to call several pros- 
pective donors before one is found whose blood is compatible as shown by the 
direct matching. 

There has been much discussion both for and against the use of Group 0 
individuals as universal donors for patients of all groups. Undoubtedly rare 
Group 0 individuals exist with unusually active isoagglutinins anti-A or anti-B 
or both (dangerous universal donors 13, 14 ), and while there is no reason to believe 
that injection of the previously washed inagglutinable blood 0 cells into anj r in- 
dividual will be harmful, clinical experience supports the view that the injection 
of active agglutinins may not be entirely harmless. In a well-organized donor 
agency, not only should the blood cells be studied, but also the potency of the 
agglutinins ought to be determined. Thus, a list of the so-called dangerous 

•See earlier work of Landsteiner, K-, and Levene, P. A.: J. Immunol. 14: 81, 1927. 
fFor literature see Levine.' 13 
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donors will be established, and only those Group 0 donors with a low titer of 
agglutinins can be used, if necessary, for patients in other groups, particulaily 
for the rarer Groups B and AB. In a similar manner Group A and B donors 
with comparatively weak agglutinins anti-B and anli-A, respectively, should be 
selected who may also be used, along with suitable Group 0 donors, as donors for 
patients in Group AB (universal recipient). With this information on hand, 
a donor can be immediately employed with a very great probability of safety 
for emergency cases of shock due to hemorrhage, in which instances the time 
factor is so urgent that the direct matching must be omitted. 

In any event, wherever possible, donor and recipient should belong to the 
same group. 

The Heredity of the Factors A and B . — In 1910, von Dungern and Hirsch- 
feld 15 established that the isoagglutinogens A and B are inherited as dominant 
mendelian properties. In America this significant finding was confirmed by 
Ottenberg.* While this explanation of the mechanism of the heredity of the 
blood groups has been discarded in favor of a more recent theory of triple 
allelomorphs of Bernstein, 10 the original claim of von Dungem and Hirschfeld, 
that the property A or B never appears in the children unless they are present 
in the blood of one or both parents, is in harmony with both theories. As a 
result of their investigation, they maintained that a basis was furnished to 
exclude in a certain number of cases individuals as fathers of particular children. 
In view of the general acceptance of the Bernstein theory, described in 1925, it 
will not be necessary to describe here the two independent factor theory of 
von Dungem and Hirschfeld. 

Briefly stated, Bernstein believes that the blood group (phenotype) of any 
individual is determined by the presence at a certain locus, in a particular pair 
of chromosomes, of any two of the 3 genes A or B or 0 ; the one gene is derived 
from the father, the other from the mother. Thus, the various possible combina- 
tion. pairs of these 3 genes form the 4 blood groups. 


Table II 


GENOTYPE 

PHENOTYPE (BLOOD GROUPS) 


00 

0 


OA 

AA 

A 


OB 

BB 

B 


AB 

AB 



It is to be noted that, genotypically, the individual is identified by 2 genes, 
one derived from the paternal and the other from the maternal chromosome. 

In the course of the development of the sex cells a reduction division takes 
place so that the sperms and eggs cany only either the paternal or maternal 
chromosomes whereas the somatic cells cany both. Thus an individual of blood 
Group A may be either homozygous (AA) or heterozygous (OA). Serologically 

1308. * SeU rc '" ark3 by Epstcin - A. A., and Ottenberg, K. : Proc. New York Path. Soc. 8: 117 , 
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these two types cannot be differentiated, but the children possible from matings 
with the two sorts of parents differ. Similar relationships hold for Group B 
individuals. 

The various combinations of matings with children possible and children not 
possible are given in Tabic III. 


Table. in 



PARENTS 

CHILDREN POSSIBLE 

CHILDREN NOT POSSIBLE 

1 . 

OxO 

0 

A, B, AB 

2. 

OxA 

0, A 

B, AB 

3. 

OxB 

0, B 

A, AB 

4. 

AxA 

0, A 

B, AB 

5. 

BxB 

0, B 

A, AB 

(5. 

AxB 

0, A, B. AB 


7. 

OxAB 

A, B 

0, AB 

S. 

AxAB 

A, B, AB 

0 

9. 

BxAB 

A, B, AB 

0 

10. 

ABxAB 

A, B, AB 

0 


A few points in the table require elucidation. It may be asked why children 
of Group 0 are possible from a mating of AxA parents (or BxB parents). Such 
children are possible only if both parents are genotypical!}’ of the type AO 
(or BO) ; and under such conditions the classical 3 :1 ratio, i.e., 3 of the dominant 
A type and I of the 0 (recessive) type can be demonstrated. This genetic cross 
is given below. 

Parents AOxAO 

Gene in sperm or egg A A 
or or 
O 0 

Children genotype 1 AA - AO, 1 OO 

Children phenotype 3 A's and 1 0 


Regardless of the blood of the parent, an individual homozygous to A or 
B caimot have children in Group 0 (Genotype OO), since the homozygous 
parent cannot furnish an 0 gene to the child. However, this plays no practical 
role since, as already mentioned, the types AO and AA cannot be differentiated 
from each other. 


The other matings which require some analysis are those involving an AB 
parent. In these matings an AB parent, be it father or mother, cannot have 
an 0 child and vice versa. As a corollary, in the mating OxAB, children of 
the parental types are excluded and only children heterozygous to A and B are 
possible. These exclusions become obvious from a consideration of the reduction 
division and the recombinations of the genes to form individuals of the following 
generation. 

Parents OOxAB 

Gene in sperm or egg 0 A 

or 


B 

Children genotype 1 OA, 1 OB 

Children phenotype A, B 


This theory has been confirmed in studies on thousands of families by 
independent investigators working in numerous countries. In any mating, chip 
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dren not expected from the theory are illegitimate (indicated by asterisk in 
Table IV). 

Table IV 

Heredity' or Blood Groups 


(Compiled by' Lattes 17 ) 


PARENTS 

NO. OF MATINGS 

NO. 

OF children in group 

0 

A 

B 

AB 

1. 0x0 

1192 

. 2630 

15* 

2* 

0 

2. OxA 

2535 

2256 

3021 

18* 

9* 

3. OxB 

997 

958 

n* 

1230 

1* 

4. AxA 

1256 

476 

2364 

1* 

1* 

5. BxB 

293 

126 

0 

532 

1* 

(5. AxB 

1104 

401 

791 

641 

580 

7. OxAB 

465 

38* 

571 

525 

34* 

S. AxAB 

481 

21* 

525 

253 

307 

9. BxAB 

327 

13* 

121 

306 

159 

10. ABxAB 

67 

0 

39 

42 

• 70 

Total 

8717 

G919 

7458 

3550 

1162 


Additional support for the validity of the theory is derived from a statis- 
tical consideration of the incidence of the four blood groups and the distribution 
of the genes in various races. Studies dui’ing the Great War by L. and H. 
Hirsckfeld 18 on numerous races, concentrated at the Macedonian front, have re- 
vealed the highly interesting fact that the incidence of the blood groups varies 
in different races. From a consideration of the frequency of the 3 genes A, B, 
and 0 (respectively as p, q, and r) , it follows that, given the frequency of any 
two of the blood types, A or B or 0, in any population, a theoretical value of 
the remaining two types can be obtained to which the observed values correspond 
very well. 


From these considerations, the following statements may be submitted as 
significant from the medicolegal point of view: 

1. Those children having the property A or B not present in the blood 
of either parent are illegitimate. 

2. Children in Group 0 are not possible in any mating involving an AB 
parent; children in Group AB are not possible in a mating involving an 0 parent. 

In view of two apparently authentic cases recently described which are 


exceptional to Rule 2, i.e., Mother AB, child Group 0, Landsteiner, Schiff, 
Wiener and the writer hold the very conservative opinion that, in such cases' 
there is a very great probability of illegitimacy in contrast to exceptions to 
Rule 1 in which an unqualified decision of illegitimacy may be rendered.* 
The frequency with which an exclusion of paternity can be made in the 
U. S. with the factors A and B has been estimated by Wiener to be about 18 
per cent. This figure does not differ much from that for European countries 
Table V actually shows the frequency with which an exclusion has been made 
m practice in various countries, in which the courts of justice accept these tests 
as evidence. Of course, the difference in the theoretical value and the value 
actually obtained is found m the fact that not every accused man is innocent 


•For 

I-Aivlne. 1 * 


eXPlanati0n of these exceptional cases. compaUble with the Bernstein theory. 
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Table Y 


(Modified After Sonirr=i) 



NUMBER OF CASES 

PATERNITY 

EXCLUSIONS 

PERCENTAGE OF 
EXCLUSION 

Germany (Schiff) 

4519 

353 

7.8 

Austria (Werkgartner) 

700 

G3 

9.0 

Danzig (Pirsehel) 

GOO 

39 

G.o 

Denmark (Thomsen) 

50 

6 

12.0 

Denmark (Sand) 

500 

64 

12.8 

Sweden (Wolff) 

Norway ) 

259 

17 

C.G 

Switzerland 1 (Cited by Scltiff) 
Lithuania J 

37 

4 

10.8 

Total 

(3GG5 

54G 

8.2% 


These tests are significant only for exclusion of paternity and not for detec- 
tion of the father except in those eases in which it is known definitely that only 
two men cohabited with the woman. If, in these instances, one of the men can 
be excluded, then the other individual must be the father (see case of Wiener 22 
cited on p. 797). 

The blood groups are of great value in detecting eases of interchange of 
babies at hospitals and recently the tests have been successfully applied in the 
much discussed Watkins-Bamburger babies in Chicago. With the use of A and 
B, interchange of infants can be detected in about 50 per cent of all cases 
(Wiener 23 ). 

Unfortunately the courts in the United States hesitate to recognize the 
value derived from an examination of the blood in cases of disputed paternity. 
However, active measures are being taken in several states to encourage the 
introduction of evidence based on these tests. Recently, in New York State, 
Justice Meier Steinbriuk rendered a decision, which called for blood tests to 
settle the question of paternity of a child. Certainly the organization of a 
forensic section in the American Medical Association will do much to stimulate 
interest on the part of both physicians and lawyer’s in this field* The subject 
is already recognized by various American legal authorities; thus Herzog 2 * in 
his textbook, Medical Jurisprudence, in 1931 and Wigmore 23 in the 1934 supple- 
ment to the treatise on Evidence, discuss the subject at length. Wigmore, the 
learned authority on Evidence at the Northwestern University School of Law, 
writes, “At the hands of expert specialists — but of specialists only — the tests 
ought to be more widely known and used in this country, within the limited 
scope of their probative value. ” In view of the facts cited above and the success- 
ful experiences of the European courts of justice, it is safe to assume that the 
American courts will soon follow the precedent already established. 

Past experience has shown that the popular knowledge of the existence of 
these tests has a great psychologic value. The Wurtemberg Ministry of Justice 
prevents the mother from offering testimony which will not be in harmony with 
the results of the blood group examinations, by ordering the blood tests before the 
mother is placed under oath. In certain cases men have agreed to accept children 
as their own and to pay for their support, when tests revealed that the in- 

•Landsteiner, K. : J. A. M. A. 103: 1041, 1931. 
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dividual suspected by them was not the father. Wiener cites a case in which 
a husband sought a divorce on the ground that he was not the father of his wife’s 
child. The husband urged blood tests and his wife gladly came for the examina- 
tion, but the husband at the last minute refused to submit to the tests he 
originally requested. 

Blood Stains in Criminal Cases— In 1903, Landstcincr and Richter 20 demon- 
strated the stability of the agglutinogens and the agglutinins present in blood 
stains to various environmental conditions, such as drying and aging. Thus the 
group of a blood stain can be reconstructed by determining (1) which isoag- 
glutinins are still present in watery extracts of the blood stain and (2) which 
isoagglutinogens are detectable as tested by the capacity of the sti’oma to absorb 
certain quantities of the isoagglutinins. Only minute quantities of the blood 
stains are required for these tests. Of the two properties, the isoagglutinogens 
are the more stable, although the writer was able to detect minute quantities 
of both anti-A and auti-B in a blood stain of Group 0 that was four years old. 

The stain may be found on clothing, metal implement or wood. To test 
for isoagglutinins, small quantities of the scraped-off material are extracted 
in a few drops of distilled water; the extraction is allowed to continue for about 
one or two hours in the cold (to prevent bacterial contamination). After pre- 
liminary tests with a human precipitating immune serum have established the 
human origin of the stain, the centrifuged and hemoglobin-colored supernatant 
fluid is then tested with suspensions of known cells of Groups A, B, and also 0. 
The latter blood is included as a necessary precaution because elements other 
than blood may be present in the extracts which may conceivably have a non- 
specific agglutinating action on any blood. The results, therefore, are significant 
if there is no action on blood 0, but action on bloods A or B or both. Absorption 
experiments are then carried out with the extracted sediment to determine the 
presence or absence of isoagglutinable properties A or B. If, after contact with 
the stain, the activity of isoagglutinin anti-A is considerably diminished as tested 
with blood A, then this is proof for the presence of the property A in the stain. 
The evidence is strengthened by demonstrating isoagglutinin anti-B in the ex- 
tracts, but the demonstration of the isoagglutiirogen is usually more successful 
on account of its greater stability. 


The value of the information obtained from these investigations is seen from 
the following contrasting cases cited from the literature. Martin and Roehaix 27 
reported a murder case in which the property A was shown to be present in the 
dried blood stain. The sirspeeted individual claimed that the blood stain resulted 
from a self-inflicted injury. Since he belonged to Group 0, his testimony was 
shown to be false. Popoff 28 described a case in which two men were falsely 
accused of murder of a woman found with stab wounds in the face. A sharp 
blood-stained implement was found in their possession which apparently fitted 
the wounds that penetrated the face. The two men claimed that the blood on 
the implements resulted from a fight with other individuals, that did not involve 
the woman. The claims of the accused men were substantiated since the stains 
showed the property B, while the woman belonged to Group 0- the real 
murderers, furthermore, were later apprehended. 



794 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Since the blood factors, as stated above, are present in saliva, cigarette stubs, 
or envelopes found at the scene of a crime may be investigated; similarly in eases 
of rape, clothing stained with semen may be available for studies on the blood 
factors. 

The chief protagonists of this aspect are Lattes* 0 of Modena, Italy, and 
Popoff in Russia. These authors recently collected a scries of murder cases in 
some of which the testimony offered by witnesses as to the origin of a blood stain 
was shown to be incompatible with the result of the tests. On the strength of this 
evidence the witness, in several instances, confessed that his testimony was false 
and that he participated in the crime. 

The Properties M and N . — Before discussing these properties, which are 
demonstrable by means of immune agglutinins, it may be of advantage to illus- 
trate with the blood groups A and B, the general procedure of the technic. 

The factors A and B may be demonstrated also by means of several other 
reagents, namely normal animal scrums (.which contain heteroagglutinins not 
only for blood of Groups A and B, but also for human blood in general), and 
imnrnne serums derived from rabbits after injection of bloods A and B. The 
latter of the two methods is preferable since potent reagents are obtained. They 
are, however, less convenient to work with than the normal isoantibodies, because 
veiy frequently anti-A or anfi-B immune serums contain other antibodies which 
react on all human bloods (species antibodies). A preliminary absorption of the 
diluted serums with bloods of Group 0 is required to remove the species ag- 
glutinins. The supernatant fluid may then be employed to diagnose bloods 
A or B. 

With the aid of this general technic, Landsteincr and myself 30 described in 
1928 several new agglutinable blood properties, the most significant of which are 
termed M and N. These factors are demonstrable by means of specific immune 
agglutinating serums derived, as a rule, from rabbits in a manner similar to that 
described above for A and B. With one exception normal antibodies specific for 
M and N are not present in normal human serum. On examining numerous 
bloods of any of the four blood groups, with the two sorts of serums, previously 
absorbed with a suitable blood lacking the factor in question, 3 types are found, 
namely, M + N + , M + N~ and M~ N + . The incidences of the three types in the 
white population are 50, 25, 25 per cent. Although thousands of bloods have 
been examined by several workers, a blood of the type M' N~ has never been ob- 
served. Accordingly, at least 12 sorts of human blood are readily demonstrated 
by means of reagents for A, B, M and N. The antiserums for M can be produced 
by injecting rabbits with bloods preferably of Group 0 and of the type M + N-; 
those for N, by injecting Group 0 blood of the type M~ N + . Injections are con- 
tinued until preliminary absorption tests with suitable bloods show that anti- 
serums with potent specific antibodies are produced. The rabbits are bled, and 
serums collected, filtered, and under such conditions they remain potent for 
several years. 

Since these factor's cannot, as a rule, be demonstrated by means of normal 
human serums, they play no role in the successful outcome of transfusions. 
However, some interesting observations have been made on the length of life of 
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the transfused corpuscle by studying - selected cases of donor and recipient of 
the same group, but differing in M. In one instance of recipient M" and donor 
M*, the M* blood could still be found circulating in the blood of the recipient after 
an interval of one hundred days following the transfusion. 31 

Studies by numerous investigators on the heredity of M and N confirmed the 
theory of Laudsteiner and Levine 32 as to the mechanism of the heredity - . Ac- 
cording to these authors, there are two genes hi and N, the distribution of which 
in various combinations gives the three types serologically demonstrable (pheno- 
types). 



PHENOTYPE • 

GENOTYPE 


M* N- 

(U) 

JIM (homozygous) 


M- 'N t 

(H) 

NN (homozygous) 


JF 57+ 

(MN) 

MA r (heterozygous) 

— __ 


The theory demands the following incidence of children in the six possible 
matings (Table VI). 

Table VI 


Heredity or the Factors M and it According to the Theory of Landsteiner and Levine 


MATING no. 

TYPES OP PARENTS 

PER CENT Or 

M 

CHILDREN 

N 

or TYPES 

MN 

I 

MxM 

100 

0 

0 

2 

NxN 

0 

100 

0 

3 

MxN 

0 

0 

100 

4 

MxMN 

50 

0 

50 

5 

NxMN 

0 

50 

50 

6 

UNxMN 

25 

25 

50 


In an examination of 671 families with 2,365 children the following results 
were obtained as given in Table VII, which includes the studies of Landsteiner 
and Levine, Wiener and Vaisberg, Sehiff, Schiff and Sazaki, Thomsen and Clau- 
sen, and Lattes and Blaurock. 

Table VIU 


TYPE OF PARENTS 

NUMBER OF CHILDREN OP TYPES 

M 

N 

MN 

TOTAL 


>i| mm 

o 

1* 

204 - 



107 


107 



2* 


207 



3* 

362 

682 



280 

268 




135 

331 

615 

Totals 

on 

527 

1167 

2365 

uata collected from the literature 

by Wiener. 




On comparing the combined figures obtained by all these investigators, work- 
mg m tour different countries, with that expected from the theory, a very good 
fit is found The eight children not expected from the theory are considered 
illegitimate (indicated by asterisk in Table VII). 

^ or convenience Table VI is rearranged to point out in each matins the 
clu dien possible and those to be considered illegitimate. ° 
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Table VIII 


MATING 

[ TYPE OP PARENTS 

CHILDREN' POSSIBLE 

CHILDREN ILLEGITIMATE 

i 


At 

AIX, X 

2 


X 

AIX, AI 

3 

apv. Hi 

AIX 

AI, X 

4 

AIxAIN 

Ar, AIN 

X 

5 

XxAIX 

X, AIX 

AI 

6 

AIXxAIX 

X, X, AtX 

— 


From the theory given below, the following rules may be laid down: 

a. The factor AI or X cannot appear in the blood of a child unless it is present in the 
blood of ono or both parents. 

b. In matings where both parents are homozygous to At (At* X-) , all children are of the 
same type; the other two types are excluded. The same rule holds for matings NxN (matings 
1 and 2). 

c. In case of one parent homozygous to AI and the other homozygous to X, 100 per cent 
of the children are of the type AIX (AI* X*), the parental types are excluded (mating 3). 

d. In matings where one parent is homozygous and the other heterozygous, children 
of the parental types are to be expected in a ratio of 50:50 (matings 4 and 5). 

e. In matings with both parents heterozygous (AIX), children of the three types are 
possiblo (mating 0). This is the only mating in which no exclusion is obtained. 

The genetic analysis of mating number 3 is given as an example; the other 
matings may be analyzed in a similar manner. 


Parent 

AIAIxNN 

Gene in sperm and egg 

AI X 

Children 


Genotype 

AIX 

Phenotype 

AIX 


As a corollary to the statements made above, the following may be stated: 
namely, a parent of the Type M (matings 1, 3, and 4) cannot have a child of 
the Type N; similarly, a parent of Type N (matings 2, 3, and 5) cannot have a 
child of Type M. The reason for this exclusion lies in the fact that the parent, 
being homozygous to one gene (M), cannot contribute the other gene required 
(N). This fact makes it possible to render decisions of exclusion of paternity in 
a good proportion of cases; namely, the first 5 matings, from an examination of 
the blood of child and only one of the parents. In this respect the MN system 
is far superior to the A and B system. Thus in 7 of the S cases of illegitimacy 
(matings 3, 4, and 5) the father’s blood and not the mother's blood is of a type 
incompatible with that of the child. In these 7 cases the child’s blood is of the 
homozygous type; in the eighth case the child’s blood is heterozygous. 

Wiener has calculated that a decision of exclusion of paternity with the use 
of factors M and N can be made in IS per cent of all cases. Since the factors AI 
and N are independent of A and B, the application of the 4 factors results in 
an exclusion in about one-third of all eases. 

Employing all 4 blood factors, Sehiff, who has had the greatest experience 
in this branch of forensic medicine, obtained an exclusion of 134 times ( 14.7 per 
cent) in an examination of 911 cases. These values are 40 to 50 per cent of the 
maximum since, as already mentioned, not every accused man is innocent. 
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It must be added, however, that the technic for demonstrating M and N is 
far more involved than that for A and B and that it presupposes an intimate 
knowledge of immunologic principles. When the American courts finally agree 
to recognize the value of these procedures, the policy should be employed, of 
relegating the tests to recognized serologists, preferably those connected either 
with universities or the larger hospitals. 

A few cases where M and N have been employed in America to exclude 
paternity have been reported by Wiener. 22 As an example the following in- 
stance may be cited, in which exclusions were made with both the AB and the 
MN systems. The bloods of the three adults and the three children whose 
legitimacy was questioned were the following: 


BLOOD OF 

GROUP 

TYPE 

Husband 

0 

MN 

Accused man 

A 

N 

Wife 

0 

MN 

First Child 

0 

MN 

Second Child 

0 

M 

Third Child 

A 

N 


Apparently the third child, in group A, cannot be the husband’s because 
OxO cannot beget an A, but can be the child of the accused; the second child 
cannot be the lover’s since the latter with the property N cannot have a child M. 

A case recently examined by me is instructive from several points of view. 
Only the bloods of the child and alleged father were available for examination. 
Tests revealed the following: alleged father B, M + N"; child A, M + N + . In this 
instance, no exclusion can be made without an examination of the mother’s 
blood, which can be only in groups A or AB and with regard to M and N 
either M + N + (MN) or M" N + (N). The mother cannot belong to group 0 or 
B since OxB or BxB cannot give an A child; she cannot have the property 
M + N- since in mating M + N- x M + N', the child M + N + is excluded. In view 
of the fact that Group 0 is present in about 45 per cent of all white people and 
the type M + N- in about 25 or 30 per cent, there is a very great probability of 
an exclusion. If the child were of the type M~ N + , the exclusion could be 
made without an examination of the mother’s blood. 

The properties M and N may also be used to detect instances of interchange 
of babies. The demonstration that M and N remain stable in dried blood, 
furnishes the basis for the forensic application also of these factors in criminal 
cases involving blood stains. 


Very brief mention may be made of several other factors; namely, those 
describing the subgroups of Groups A and AB and the factor P. 33 - 31 The sub- 
groups may be demonstrated most conveniently with the aid of those rare human 
serums of Groups AB or A which contain the specific atypical agglutinins anti-A' 
and antnA- (see page 787). These antibodies without any previous absorption 

S G O l T,t 0f tl,e “ n,ib ° aj - A= also oHu bS of 

Gioup 0. Also these properties are inherited, but further study is required 

!emity C rS * ^ em P lo - ved with saf °ty m cases of exclusion of pa 
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The factor P may be demonstrated by means of more or less related anti- 
bodies present rarely in some human serums containing the atypical specific 
agglutinin, and more frequently in normal animal serums. The property may 
be demonstrated also by means of specific immune antibodies derived from the 
rabbit. This property, like A 1 and A 2 , is not as well defined as A or M, but 
studies by Landsteiner and Levine show also that the factor P is distinctly 
inherited. 

Our knowledge of individual differences of human blood has been con- 
siderably extended in more recent years. Encouraged by the successful ex- 
periences of several European workers in the application of this knowledge, a 
number of scientists and physicians in America are making organized efforts to 
educate the American courts to accept the scientific principles discussed, as 
testimony in both bastardy proceedings and in cases involving blood stains. An 
essential preliminary measure required is the passage of a law to compel indi- 
viduals to submit to the blood tests. 

It is difficult to estimate the number of individuals who unwittingly are 
paying support for children not their own, but whenever possible, justice should 
be meted out. And finally, is it not preferable to speak of illegitimate parents 
rather than illegitimate children ? 
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ADDENDUM 

Recently New York State passed laws empowering the courts to order 
blood tests in cases of disputed paternity. Undoubtedly many states will in 
the next few years take active measures to pass laws of a similar nature. 

As a readily available source for workez’s interested in promoting the use 
of these tests, the laws as passed by the New York State Legislature are here 
appended. 

A bill similar to that given below, and sponsored by myself, was recently 
submitted to the Wisconsin legislative bodies. It was framed with the aid of 
Prof. Bunn of the Univei-sity of Wisconsin Law School and lias the support of 
Dean Lloyd K. Garrison. Such legislation is encouraged by the American Medi- 
cal Association (J. A. M. A. 103: 46, 1934). 

STATE OF NEW YORK 
No. 124 Int. 123 

IN ASSEMBLY 

January 9, 1935. 

Introduced by Mm Bkeitbart— read once and referred to the Committee on Codes. 

AN ACT 

Tc amende civil practice act, in relation to empowering the court to order the making of 
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The People of the State of A r c w York, represented in Senate and Assembly, do enact as 
follows: 

Section 1. The civil practice act is hereby amended by inserting therein a new section, 
to be section three hundred six-a, to read as follows: 

30G-a. Blood tests. Wherever it shall be relevant to the prosecution or defense of an 
action, the court, by order, shall direct any party to the action and the child of any such party 
to submit to one or more blood tests, to be made by duly qualified physicians and under such 
restrictions and directions, as to the court or judge shall seem proper. The order for such 
blood tests may also direct that the testimony of the persons so examined may be taken 
by deposition pursuant to this article. 

2. This act shall take effect immediately. 

STATE OP NEW YORK 
Nos. 1(17, fiS2 Int. BIG 

IN ASSEMBLY 

January 9, 1935. 

Introduced by Mr. Breitbakt — read once and referred to the Committee on Codes — com- 
mittee discharged, bill amended, ordered reprinted as amended and recommitted to 
said committee. 

AN ACT 

To amend the inferior criminal courts act of the city of New York, in relation to empower- 
ing the court to direct the making of blood-grouping tests and permitting the results 
thereof to be received in evidence. 

To People of the State of Xeio Tori;, represented in Senate and Assembly, do enact as 
follows: 

Section 1. Section sixty-seven of article live of chapter six hundred fifty-nine of the 
laws of nineteen hundred ten, entitled ‘‘An act in relation to the inferior courts of criminal 
jurisdiction in the city of New York, defining their powers and jurisdiction and providing 
for their officers,” as such section and article were thus restated and renumbered by chapter 
seven hundred forty-six of the laws of nineteen hundred thirty-three, is hereby amended by 
inserting therein a new subdivision, to be subdivision one-a, to read as follows: 

2 

l-a. The court, on motion of the defendant, shall order the making of one or more blood- 
grouping tests by a duly qualified physician and the results thereof may be received in 
evidence. 

2. This act shall take effect immediately. 



THE INTESTINAL TOXEMIA SYNDROME* 


Treatment With Kaolin 


C. A. Mills, M.D., Cincinnati, Ohio 


C ERTAIN new phases of the intestinal toxemia syndrome have presented 
themselves in recent years and seem of sufficient importance to warrant writ- 
ing this article, even though this paper is on a subject that has been so badly 
overworked in medical literature of previous decades. The fact that certain 
commercial concerns have "widely exploited this held gives the medical profes- 
sion no warrant to neglect it. In some regions intestinal putrefaction, with the 
body disturbances resulting from the foul absorption, forms a real health prob- 
lem. This is particularly true in the two major storm areas of the earth, a 
large part of North America and West Central Europe including the British 
Isles, In the tropics, subtropics, and Orient putrefaction in the intestine occurs 
much less frequently. In fact it is not unusual in China to see natives who have 
a bowel movement only every two or three weeks but are still entirely free from 
any signs of toxic absorption. 

Why putrefaction should be worse in the intestines of people living in 
stormy regions is not yet known. There is a strong suspicion that sudden falls 
in barometric pressure cause body tissues to take up water and the secretion 
of digestive juices to lessen. This point is under investigation at present. Clin- 
ical observation, however, has given the impression that putrefaction does tend 
to flare up in the bowel on those days when the barometric pressure is low or 
falling. Whether this is due to changes in secretion of the digestive juices re- 
mains for the future to answer. Regardless of the causes of the putrefaction, we 
of northern United States have it as one of the important sources of discomfort, 
loss of efficiency, and eventual disease along certain lines. For the last six 
years I have given particular attention to t))is problem and have found that 
elimination of putrefaction in many cases produces surprising consequences. 
The a gent found most certain in action and economical in cost is kaolin, admin- 
istration in a syrupy suspension. The following prescription is used. If easeara 
or antispasmodies are needed they may replace a corresponding volume of water 
It Kaolin - yj 

Water 5 XV 

Syrup simplex q.s. g xtXI 

Dosage: ti ounce twice a day before meals. 


As a result of clinical observation the distinct 
absorption of putrefactive products from a foul 


impression has arisen that 
colon, and their excretion 
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through the saliva and sweat glands, is directly responsible for the lowering of 
resistance to infection in the mouth and skin. Confirmation of this impression 
rests upon the marked manner in which pustular acne and early pyorrhea re- 
spond to kaolin administration. Acne of the skin lias long been known to be 
associated with intestinal toxemia, but its treatment by dietary means has often 
been unsatisfactory. With kaolin, prompt subsidence almost always occurs, the 
skin softening and gradually clearing. This is of particular value in children 
during adolescence, for at this age putrefaction is especially liable to appear and, 
unless properly treated, is likely to become more or less permanent. Boys are 
much more afflicted in this way than arc girls, and need to be watched more 
closely. Cases of severe pustular acne over almost the whole body have re- 
sponded well to kaolin, the lesions beginning to subside within a week and be- 
ing practically gone in a month without other treatment of any sort. 

As regards the mouth, most physicians and investigators have seemed in- 
clined to regard halitosis and pyorrhea as of local origin, due to faulty mouth 
hygiene. After observing the prompt disappearance of the foul breath and 
gradual improvement of early pyorrhea as intestinal putrefaction is eliminated, 
I have been forced to the conclusion that these oral conditions rely primarily on 
the presence of putrefaction in the bowel. The saliva in these cases contains in- 
dican, giving a positive test just as does the urine, although to a lesser degree. 
Lowering of resistance to infection may result from the gums being constantly 
bathed in this concentrated fecal extract. The fecal odor to the breath in such 
cases is a natural consequence of rapid evaporation of the saliva, especially dur- 
ing speech. At night, when water intake is stopped, greatest concentration takes 
place, with the resulting ‘ ‘ dark brown taste. ’ ’ Whether certain types of dental 
caries rest on this same basis is still uncertain. It is, however, a point well 
worthy of close investigation. 

The intestinal toxemia syndrome, then, in addition to the usual foul gas 
production, indigestion, headaches, and general biliousness, includes these other 
conditions; pustular acne of the skin, halitosis and much pyorrhea, and perhaps 
some types of dental caries. There are also the nervous and vascular disturbances 
caused by the absorbed products, nervousness, insomnia, and disturbed sleep, 
and in a great many cases marked vascular spasm. Where a tendency to hyper- 
tension exists, putrefaction adds greatly to the spastic condition of the vessels, 
so that considerable reductions in blood pressure often occur after kaolin ad- 
ministration. 

Nothing new is being proposed in this use of kaolin. Its effectiveness as a 
selective adsorptive reagent for the alkaline amines and putrefactive bacteria 
was demonstrated years ago. The medical profession is not benefiting by this 
knowledge, however, for few pliaimacists carry kaolin in stock except in Cin- 
cinnati where its use has been actively advocated for the past six years. The 
prompt effectiveness and low cost strongly recommended its widespread use by 
the medical profession in our northern states where intestinal putrefaction is so 
prevalent. School and college health authorities should make free use of it. 
Many unnecessarily expensive preparations are on the market. The Cincinnati 
Hospital buys a good grade of kaolin for 4 cents a pound in barrel lots, and one 
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pound lasts a patient a month. Elimination of putrefaction need not, there- 
fore, be an expensive treatment, especially if the mixture be prepared at home. 
The treatment cost is an important item, since people needing the kaolin usually 
continue to need it off and on at all seasons. Permanent cessation of putrefaction 
is usually not obtained. 

For some patients kaolin is somewhat constipating, and, for a few indi- 
viduals with marked spasticity of the colon, distinctly irritating. By its re- 
duction in bacterial growth, it tends to lessen the stool bulk and the need for 
frequent evacuation. No cases of fecal impaction or fecalith formation result- 
ing from it have been seen in six years’ use, so I feel that the caution promulgated 
a few years ago 2 can be disregarded. Numerous references are available to sub- 
stantiate the clairiis for beneficial kaolin effects in diarrheal or putrefactive dis- 
turbances of the bowel. Only one ease of fecalith formation and fatal impac- 
tion has been reported, 3 and in this case kaolin was given in daily single doses 
of 100 gm., presumably suspended in water. Even then its immediate action 
in stopping a severe bloody diarrhea was promptly effective, the signs of in- 
testinal obstruction developing a week after kaolin administration was dis- 
continued. For the Council on Pharmacy and Chemistry of the American Medi- 
cal Association to rule against kaolin preparations and their therapeutic use on 
the basis of this one fatality seems hardly justified. On such a basis action 
should long ago have been taken against insulin for the many deaths it has 
caused. Administered in a syrupy suspension, kaolin shows little tendency to 
clumping in the bowel and is more effective in depressing putrefaction than when 
given suspended in water. 


It must be stressed here that frequency of bowel movements and intestinal 
toxemia need not be at all associated. Individuals may go for weeks without 
an evacuation and still show no signs of toxic absorption, provided putrefactive 


activity is at low ebb. On the other hand we see many patients with a putrefac- 
tive diarrhea in whom no relief from the toxicity is obtained by eight to ten 
bowel movements a day. Naturally, if putrefaction is prevalent, its effects will 
be accentuated by constipation. Many people, however, go to unnecessary trouble 
to secure a daily evacuation simply because it is decreed by custom. This custom 
originated in the cool stormy areas where putrefaction is worse and probably 
represents a necessary development for the mass of humanity in these regions. 


It would seem that the medical profession should give more attention to 
this question of foul colonic contents and adopt some simple, inexpensive method 
of treatment that the patient can use the year round. The mere presence of 
acne or halitosis is usually direct evidence that kaolin, or a similarly actum sub- 
stance, is needed. Dietary treatment is much less certain in its results is slower 
and is less likely to be adhered to by many patients. If, as suggested here from 
close clinical observation, pyorrhea and much of dental caries can be eliminated 
or prevented by proper colonic hygiene, then a great forward step will have 
been taken m the care of the mouth. It has been truly striking to witness the 
marked diminution in tartar deposit on the teeth and the general feelimr of 
mouth cleanliness that results from elimination of putrefaction in the bowel 



804 


THE JOURNAL OF LABORATORY' AND CLINICAL MEDICINE 


A few illustrative case histories are briefly summarized below. Host phy- 
sicians are aware of the symptoms attending' intestinal putrefaction. The im- 
pressions set forth in these pages have resulted from close observation of many 
hundreds of patients during the past fcYV years. What is particularly desired 
in this article is to stress the close connection between oral and colonic hygiene, 
and the probable role played by the excretion of the absorbed putrefactive prod- 
ucts through the saliva and sweat glands. It scarcely seems necessary to empha- 
size the relief from gastroenteric disturbances that results from cessation of 
putrefaction. Medical literature of twenty years ago lay particular emphasis on 
that aspect of the problem. 


CASE REPORTS 

Case 1. — A white man, forty-two years old, came to the Medical Clinic Feb. 1, 193-1, for 
treatment of a severe pustular eruption which had afflicted him for eight years. A few 
eruptions wero scattered over most of the body, but from the waist down they increased greatly 
in severity and numbers, with large areas of induration, heat, and redness, and one furuncle 
just above the left knee. Itching was severe and was the reason for the patient ’s call at the 
clinic. He had been chronically constipated, with much Jlatulence, for about ten years. Teeth 
had all been extracted eight years previously because of severe pyorrhea. One sample of 
urine showed 1+ sugar, but none was found on subsequent repeated examinations and the 
fasting blood sugar level was 74 mg. per cent. Kahn test was negative. 

Having failed to respond to local skin treatments in the dermatologic clinic, ho was 
placed on kaolin. Marked improvement was evident after one week, the heat and redness 
largely gone and the itching less troublesome. The lesions continued to fade steadily, with 
no new ones appearing for the six weeks of observation. At this time the urine test for 
indican, which had at first been intensively positive, gave only a slight color. The saliva be- 
fore kaolin therapy had also given a mild positive indican test, but after six weeks was 
entirely negative. 

Case 2. Another white man of forty-two years came in complaining of constipation with 
much foul gas production, headache most of the time, and inability to sleep without disturbing 
dreams. Hands and feet were cold and cyanotic. General development was good, blood 
pressure normal. Early pyorrhea and halitosis present. Physical findings otherwise negative. 
Kaolin administration gave prompt relief from all this patient’s symptoms within two 
weeks. 

Case 3. — A white boy of fifteen years, well developed and otherwise in good health, began 
at thirteen years to have acne of the face, foul gas production, and an alarming type of 
rather widespread dental decay. The gums were red and spongy, bleeding easily, while the 
teeth coated rapidly and the breath was at times foul. Kaolin used at irregular periods has 
been able to keep down the acne and gas production, while the dental decay has gradually 
lessened. Gingival tissues regained normal tone and appearance, coating of the teeth ceased, 
and now at fifteen years the boy rarely needs kaolin. Several times in the past two years, 
when at camp or away from home, he has returned with all putrefaction symptoms present, but 
each time his response to kaolin has been prompt. 

In summarizing, then, the following points are to be noted : 

1. A close association seems to exist between oral and colonic hygiene. 
Putrefactive activity in the colon seems to result in halitosis, excessive tartar 
deposit and lowered vitality of the gingival tissues. The suggestion is made 
that this effect may even extend to the teeth and he the basis of much caries. 



MILLS : 


INTESTINAL TOXEMIA SYNDROME 


805 


2. Intestinal putrefaction is also at the basis of much acne of the skin, and 
the elimination of such putrefaction often brings most rapid and complete dis- 
appearance of even the most severe pustular acne. 

3. It is suggested that these oral and skin troubles result from the excretion 
through the saliva and sweat glands of the putrefactive products absorbed into 
the blood from the colon. 

4. The most rapid and certain treatment for intestinal putrefaction is 
kaolin, administered in a syrupy suspension. This preparation has the added 
value of low cost, which is important in this type of disturbance that usually 
requires continued treatment for years. 
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JUVENILE PARETIC NEUROSYPIIILIS STUDIES* 


IS. Laboratory Findings 


William C. Menninger, M.D., Topeka, Kan. 


T HE laboratory findings in congenital neurosyphilis have been the subject 
of several studies, and yet there has been no large series of one type of 
congenital neurosyphilis reported. The following study includes the blood 
and spinal fluid Wassermann tests, the spinal fluid cytology and the colloidal 
gold reaction in juvenile paresis. It is one of a series of papers 15 based upon 
43 personally studied eases and a survey of 610 cases reported in the literature. 

In this total group of 653 cases surveyed data are given in 325 eases re- 
garding the serologic findings. In an additional 139 cases postmortem find- 
ings corroborated the diagnosis. Table I indicates the laboratory findings in 
the blood and spinal fluid: 


Table I 

Wassermann and Colloidal Gold Tests, in 325 Cases op Juvenile Paresis 


Blood Wassermann positive 

(In 259 of these the spinal fluid was either positive or not 
examined; in two, the spinal fluid was negative.) 

261 

cases 

Blood Wassermann negative 

(In 3 cases the spinal fluid Wassermann was positive, in 
two it was not examined, and in two it was negative.) 

7 

cases 

Spinal Fluid Wassermann positive 

(In 2G9 of these the blood was cither positive or not ex- 
amined; in three it was negative.) 

272 

cases 

Spinal Fluid Wassermann negative 

(In 2 cases the blood was positive; in two it was not 
reported, and in two it was negative.) 

6 

cases 

Spinal Fluid Colloidal Gold with marked first zone “typ- 
ically paretic” curve recorded in 

S9 

cases 

Weak first zone or second zone change 

15 

cases 


This table can give us only a rough approximation of the findings, since 
it is impossible to compare Wassermann tests accurately without giving con- 
sideration to the method used in performing it, the amounts of spinal fluid 
used, etc. Such data were not available in the many individual case reports 
used in compiling these figures. 

♦From the Menninger Clinic. 
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Negative Blood Wassermann Test in Congenital Syphilis.— The blood Was- 
sennann test is characteristically positive in congenital syphilis. There are, 
however, a certain percentage of congenital syphilitic individuals who con- 
sistently and persistently show a negative Wassermann reaction in the blood. 
These are of major importance, not numerically, but in establishing the diag- 
nosis in the presence of negative findings. Xt is known to be negative fie- 
quently for the first two months of life (Ross and Wright, 23 Fordyee and 
Rosen®) and it has been repeatedly shown to fade out as the child grows older 
(Atwood, 1 Dean, 3 Thomsen et al. 2<s ). But there are the opinions of many writ- 
ers that the Wassermann is frequently negative: Kohner 0 states that “alone 
is not reliable and is prone to be negative”; Moleen 18 finds it “negative in 
many very definite cases”; Stoll 25 records it as “often negative”; Leredde 10 
says that the “serum is habitually negative"; DnBois 1 believes it is “almost 
always negative”; and FisehF states it is “unreliable.” There is a more con- 
servative group who record the serum Wassermann as usually positive but 
occasionally definitely negative: Cooke and Jeans, - Lespinasse, 11 and 
Myerson. 10 

A few statistical studies indicate the variation in the findings of different 
observers, which in part may be due to a difference in the age groups studied 
(Table II). 

Table II 

"Wassermann Test in Blood in Congenital Syphilis 


YEAR 

OBSERVER 

REFERENCE 

NO. OF 

CASES 

PER CENT 
NEGATIVE BLOOD 
WASSERMANN 

1916 

Veeder 

Am. J. M. Sc. 152 : 522, 1916 

1 28 

4.0 

1919 

Craig 

Wassermann Test, St. Louis, 1919, The 

C. V. Mosby Co., p. 114 

128 

17.8 

1919 

Jeans 

Am. J. Bis. Child. 18: 173, 1919 

214 

0.5 

1924 

Bournlioure 

Tiiesis, Toulouse, 1924 


63.0 

1924 

O ’Leary 

Minn. Med. 7: 651, 1924 

- 

30.0 

1925 

von Gutfeld 

Arch. f. Kinderh. 75: 302; 76: 13, 1925 
Bull. .Johns Hopkins Hosp. 53: 231, 1933 

155 

0.0 

1933 

Smith 

462 

8.0 


From these studies, as well as a previous study by Kax'l A. Menninger and 
myself, 11 I conclude that congenital syphilis may be present in a small per- 
centage of cases with negative serum Wassermann reactions. 

Negative Blood Wassermann hi Paretic Neurosyphilis. — A negative blood 
Wassermann test occurs in between 5 and 10 per cent of all untreated cases of 
(adult) general paresis. In a recent study, Bromberg and I lc reported on the 
negative blood findings in 500 cases of neurosyphilis with positive spinal fluid 
Wassermann tests. Approximately 30 per cent of that group had negative 
blood Wassermann tests, and of 38 cases of general paresis included, eight 
had negative blood Wassermann tests (only one of these had been untreated). 
In that study, we reviewed the findings of some 30-odd investigators in this 
field, and found a small, but constant, percentage of eases with negative blood 
serology. 

Negative Blood Wassermann in Juvenile 'Paresis. — In the present study 
seven cases are reported with negative blood serology; the spinal fluid find- 
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ings in tliese cases were as follows: Leonard, 27 1915, in attempting to test the 
spinal fluid only obtained dry taps; Southard and Solomon's 27 case (p. 298) 
showed a positive spinal fluid; Klauder and Solomon’s, 8 1923, ease showed 
positive spinal fluid; Potter 22 1929 reported two eases, one with positive and 
one with negative spinal fluid Wassermann tests; Schmidt-Kraepelin’s 24 case 
showed an essentially negative spinal fluid ; and in one of my own the spinal 
fluid was not examined. 

Prom the fact that a negative blood Wassermann is the occasional find- 
ing both in congenital syphilis and in general paresis, there is no question that 
the blood may be negative in juvenile paresis. It may be due in part to 
previous treatment, in part to a low virulence of the infecting organism, and 
in part to a fading of the antibodies with increase in age of the patient. 

Negative Spinal Fluid Wassermann in Congenital Syphilis. — It would 
hardly be expected that the spinal fluid of congenital syphilis eases would be 
positive, although it is positive in a surprisingly large percentage of eases even 
without any signs of clinical neurosyphilis. This is shown in Table III, which 
gives the opinions and findings of a number of observers. 

Table III 


Frequency" or Abnormal Finding in the Spinal Fluid in Congenital Syphilis 


YEAR 

OBSERVER 

REFERENCE 

NO. OF 
CASES 

PERCENTAGE 

ABNORMAL 
SPINAL FLUID 

1917 

With 

Brain 10: 103, 1917 

26 

31.0 

1919 

Jeans 

Am. J. Dis. Child. 18: 173, 1919 

211 

66.0 

1921 

Brewer 

Deutsche med. Wehuschr. 27: 1297, 1921 

_ 

73.2 

1921 

Kingcry 

J. A. M. A. 76: 12, 1921 

52 

2S.S 

1923 

Tezner 

Monatschr. f. Kiuderh. 26: 19, 1923 
Jlonatschr. f. Kinderh. 25: 130, 1923 

S3 

13.3 

1923 

Frank 

IS 

33.0 

1921 

Arena 

Pediatria 32: 165, 1921 

31 

22.6 

1921 

Bournhoure 

Thesis, Toulouse 

_ 

52.0 

1921 

Solomon 

Ilumau Cerebrospinal Fluid, New York, 
1926, Hoebner, p, 115 

- 

20-30.0 

1925 

von Gutfekl 

Arch. f. Kinderh. 75: 302; 76: 13, 1925 

155 

10.0 

1926 

Ahman 

Acta Paediat. 6: 1, 1926 

71 

17.0 

1931 

Cregor 

Arch. Derm. & Svph. 21: 732, 1931 

103 

2S.0 


One is impressed from these figures with the high frequency of spinal 
fluid changes in congenital syphilis, and yet the majority of cases do not show 
an involvement of the central nervous system clinically. That a positive 
spinal fluid Wassermann may be associated with a negative blood Wassermann 
finding is shown in the figures of Cregor (cited above) who found 2.5 per cent 
of his 103 cases with this situation. 

Negative Spinal Fluid Wassermann in General Paresis. — In a previous 
study of this subject, K. A. Menninger and I 13 reported the findings in 154 cases 
of acquired general paresis, in which 94.8 per cent sliow r ed a positive spinal fluid 
Wassermann test. In that paper we reviewed the findings of many other 
workers establishing a diagnosis of general paresis in the absence of positive 
spinal fluid findings. Nonne 2 " proposed a classification of the types of neuro- 
syphilis with negative serology, wkieli was later expanded by Klauder and 
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Solomon,” and it, is generally agreed that clinical ne.urusyiihilis may be present 
without the spinal fluid Wassermann test, being positi\e. 

Negative Spinal Fluid Wassermann- in Juvenile Paresis and Congenital 


Neurosyphilis .— In the present survey of juvenile paresis, there are six cases 
reported with negative spinal fluid Wassermann tests: Huguet* 7 1913, ICleine- 
berger- 7 1919 (the blood is not given), Potter 2 - three cases (two with positive 
serum Wassermann tests and one with a negative serum Wassermann), and 
Schmidt-Kraepelin, 27 whose case had essentially negative blood and spinal fluid. 
In two additional cases she reported that the spinal fluid was negative using 
small quantities, but positive with 1 c.e. of fluid. 

That a negative spinal fluid finding may occur in congenital neurosyphilis, 
is indicated by various observers: Hasten 12 found ten cases of clinical neuro- 
syphilis out of 20 examined to have negative spinal fluid Wassermann tests. 
Iligoumenakis 7 studied a group of nine eases, reporting negative spinal fluid 
Wassermaims even in the presence of hemiplegia or other nervous system 
lesions. Potter 22 has presented three eases of juvenile paresis with negative 
spinal fluid serology, as well as expressing the opinion, supporting my own, 
that juvenile paresis might be definitely present without the positive spinal 
fluid Wassermann. 

A case of juvenile taboparesis that I recently examined at the Public 
Health Institute, Chicago, illustrates this type of entirely seronegative con- 
genital neurosyphilis. 


Case 29.® — A male, aged twenty years. The mother had been treated for 
syphilis for the last ten years. The patient was an only child; he had con- 
vulsions during his first year of life, but these did not reappear until fifteen 
years of age. He was retarded in growth, both physically and mentally. He 
attended school for four years, continually failed, and was tutored for two 
years. lie began having grand mal attacks at the age of fifteen years, and 
began antisyphilitic therapy, despite a negative serology. At nineteen he had 
an operation, supposedly for appendicitis, associated with abdominal pain and 
induced vomiting. The convulsions which lasted about ten minutes had oc- 
curred irregularly, and at times had been replaced by combative, irritable, 
irrational behavior. Petit mal attacks were more frequent. In addition to 
these, and without apparent association with them, he had attacks of intense 
pain in the lower abdomen about once a month, which lasted several hours. 
Antisyphilitic treatment had been very irregular. Physically: He was a tall, 
extremely emaciated childish lad. Neurologically he showed absolute pupil 
fixation, slight right seventh nerve weakness, a fine tremor of the tongue and 
extended hands, and moderately increased reflexes. Stigmas: He showed grossly 
misshapen teeth, high arched palate, winged scapulae, marked asymmetrical 
shaped chest, scoliosis and saber shins. Mentally he was childish, made scrap- 
books and read children’s stories; he had a very meager fund of general knowl- 
edge. was unable to do simple calculation, and was exceedingly dependent on 
Ins mo ther. Laboratory: Repeated blood Wassermann tests were negative, as 

C.ixon 1 to 28 are reported in the previous papers of this series. 
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was the spinal fluid. Course: During a period of two months’ observation while 
on bismuth and tryparsamide, botli the convulsive attacks and gastric crises 
had become noticeably less frequent. 

Prom personal studies, as well as the support from the cases cited in the 
literature, I am sure that one may find clinical congenital neurosyphilis, and 
specifically juvenile paresis, with a negative Wassermann test in the spinal 
fluid. These are rare numerically, but it is of major importance to recognize 
such a case eliniealljL Whether it may be due to a low virulence of the in- 
fecting organism, a poor formation of antibodies by the individual, a change 
effected by the age of the person, or by possible unknown amounts and effects 
of treatment, is entirely speculative. That it occurs is definite. 



Fig. 1. — Case 29 with negative serum and spinal fluid "Wassermann reaction. 

Spinal Fluid Cell Picture . — The cellular reaction in juvenile paresis is no 
different from that seen in the acquired type. In the majority of eases, there 
is an increase in the number of cells, which are characteristically lymphocytes. 
There may, however, be no increase in cells, and several cases are reported 
having no cells in the spinal fluid. In the entire group of cases, there are 24 
instances, when the cells numbered over 100 per c.mm., and there are six 
instances with over 200., In one instance they numbered 310 (Strecker and 
Ebaugh, 1925). 

Colloidal Gold Reaction . — As indicated in Table I the colloidal gold reac- 
tion was a strong first zone, so-called paretic, in 89 cases. In an additional 
fifteen the change was either a weak first zone curve, or a change in the 
second' zone (“syphilitic” type of curve). In a recent study in acquired 
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neurosyphilis in 500 eases, Bromberg and I 17 found that no specific change m 
the colloidal gold curve could be regarded as diagnostic for a definite clinical 
type of syphilis, a fact well recognized, and recently stressed by Novy. 21 
Consequently, it is hardly to be expected that all eases of juvenile paresis 
should show a “paretic 17 type of curve, and the fact that a case does not, in 
no way contradicts the diagnosis. 

SUMMARY AND CONCLUSIONS 

1. The blood Wassennann reaction was reported negative in seven cases of 
juvenile paretic neurosyphilis ; such a finding occurs in at least 8 per cent of 
all forms of late congenital syphilis ; a negative blood Wassennann occurs in 
about 5 per cent of general paresis. 

2. A negative spinal fluid Wassennann test is reported in six well-estab- 
lished eases of juvenile paresis ; such a finding has been repeatedly reported 
in congenital neurosyphilis, and occurs in from 3 to 5 per cent of all cases of 
general paresis. 

3. In the presence of sufficient evidence from the history, stigmas, and clini- 
cal signs and symptoms, a diagnosis of juvenile paretic neurosyphilis is justi- 
fied, when the blood and spinal fluid Wassermann tests may be negative. The 
cause for this negative serology is unknown : it may be due to age changes in 
the individual, to previous treatment, or to low virulence of the infecting 
organism. 

4. The spinal fluid cell count in juvenile paresis compares very closely to 
the findings in acquired general paresis, and varies from no cells, to 310 cells 
per c.mm. 

5. The most common finding in the colloidal gold curve is the typical 
“paretic” strong first zone curve, but other changes are found in from 10 to 
15 per cent of cases; this is also comparable to the findings in adult neuro- 
syphilis and in no way invalidates the clinical diagnosis. 
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V. Tue Blood Iodine After Total Thyroidectomy in Man 


George M. Curtis, Ph.D., M.D., Louis E. Barron, A.B., M.D., and 
Francis J. Phillips, A.B., Columbus, Ohio 


T he pin-pose of this paper is to present the results of a series of determina- 
tions of the blood iodine made previous to, immediately following, and 
subsequent to total thyroidectomy in man. 

METHODS 

Total ablation of the thyroid gland was made on five patients as a thera- 
peutic measure for cardiovascular disease. 1 - 2 - 3 - J - 5 - G ’ 7 - 8 All patients were 
maintained on the usual hospital diet, excluding only those foods known to 
have a high iodine content. 9 The usual amount of iodine in this diet, as deter- 
mined in our laboratory, ranged between 0.161 and 0.207 mg. daily. Iodized 
salt is not used in our hospital diets. The patients were maintained at bed 
rest, and no iodine in any form was administered throughout their entire man- 
agement. Their only daily source of iodine was in the food, water, and air 
intake. 

Blood samples for the blood iodine determinations were drawn mornings 
in the postabsorptive state. The iodine determinations were made after the 
method of Phillips and Curtis, 10 which is an adaptation of the von Fellenberg 
procedure. 11 

During preoperative control periods, the blood iodine of the patients was 
determined. Following the establishment of adequate control determinations, 
total thyroidectomy was made. Three of the patients were subsequently hos- 
pitalized for the investigation of the late results. These investigations were 
made under conditions similar to those previous to thyroidectomy. Three of 
the patients have had blood iodine determinations made at frequent intervals 
since the total thyroidectomy. 

Total thyroidectomy, in its strict literal sense, was not made upon the first 
two patients. Fragments of thyroid tissue, attached to the posterior capsule, 
in the adherent zone at the traeheo-esophageal sulcus, were purposely preserved 
in order better to protect the parathyroids and the recurrent laryngeal nerves. 
Into each of these fragments were placed numerous fine hemostatic ligatures. 
The to tal amount of thyroid tissue left behind in each of these patients was 

University."' T1 '° Dcpa,tmcnts of Surgery- and of Medical and Surgical Research, Ohio State 
Received for publication. August 12 , 1931 . 

Read before The American Physiological Society. March 30, 1331. 
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definitely less than one gram. In the last three patients, total thyroideetomy 
was performed. In none of the five patients was there any evidence of opera- 
tive injury to the recurrent laryngeal nerves, or of subsequent parathyroid 
insufficiency. The latter was further cheeked by blood calcium and phosphorus 
determinations. 

OBSERVATIONS 

Curtis, Davis, and Phillips 12 found the normal blood iodine to range be- 
tween 8.5 and 16.2 and to average about 12 gamma per cent. This is about 
the average finding as reported in the literature. 13 

The results of the present investigation are presented in summary form 
in Table I and Pig. 1. The initial blood iodine of all five patients, previous 
to extended hospital bed rest, was definitely increased over normal. The liigh- 



Fjt- i. — The blood iodine previous to, immediately after, and subsequent to total thyroidectomy 

in man (H. G., Case 5. Table I). 


est value determined was 56 gamma 'per cent, the lowest, lb gamma per cent. 
The average was 40 gamma per cent, Table I. 'When these patients were main- 
tained on adequate bed rest, and on a diet low in iodine, the blood iodine level 
fell to normal in three patients just prior to thyroidectomy (Table I). In the 
fourth and fifth it remained elevated, 23.2 and 20.0 gamma per cent (Table I). 
The average immediate preoperative blood iodine was 14-6 gamma per cent 
(Table I). The reason for the persistent elevation in the two patients is not 


clear. 

Several blood samples were obtained, in series, during the first twenty-four 
hours following thyroidectomy. In all five patients there ensued a transient 
but striking postoperative elevation of the blood iodine (Fig- 1 and Table I). 
This returned to normal in approximately twenty-four hours- Following this 
transient increase there ensued a gradual decrease in the blood iodine ( ig. 1). 
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The time required for this decrease to manifest itself varied among the patients 
(Table I). No satisfactory explanation, other than individual variation, can 
be offered for this lack of uniformity. In all patients, the blood iodine subse- 
quently decreased to a level far below normal and remained at this low level. 
From the data presented, it appears that following total thyroidectomy in man, 
the blood iodine is maintained at an abnormally low level. 


Table I 


The Blood Iodine Subsequent to Total Thyroidectomy 


SUBJECT 

INITIAL 

BLOOD 

IODINE 

gamma % 

PRE-OPERATIVE 

BLOOD 
IODINE 
GAMMA % 

MAXIMUM 
IMMEDIATE 
POSTOP. BLOOD 
IODINE 
GAMMA % 

EVENTUAL RESULTS 

GAMMA % 

Hnmm 1 

mgmmm 

13.5 

25.1 

2.0 94 days postoperative 

Hrs 

, M • 

7.7 

23.4 

4.2 148 days postoperative 



23.2 


5.3 18 days postoperative 



8.6 

130.0 

Sudden death, cerebral em- 
bolus, 40 hours postoperative 




57.0 

4.1 10 days postoperative Pig. 1 

Average 

j 39.8 

j 14.6 

54.1 

3.9 


COMMENT 

In 1922 Hudson 1 * reported an increase of the blood iodine subsequent to 
total thyroidectomy in dogs. This occurred within the first forty-eight hours, 
and remained persistently elevated. Upon feeding sheep’s thyroid gland, he 
reports a reduction of the blood iodine “so that it approximated the preopera- 
tive level.” When thyroid feeding was discontinued, the blood iodine was again 
found to be increased. 

Hudson’s late results are questioned by Sturm, 13 who regards this persistent 
postoperative elevation of the blood iodine as due to blood analyses made during 
an inadequate postabsorptive period. The determinations, hence, were influenced 
by the alimentary absorption of iodine-containing foods. Sturm is unable to 
account for the decrease in the blood iodine level following the feeding of 
sheep’s thyroid gland, since the latter is rich in iodine and, therefore, an in- 
crease rather than a decrease in the blood iodine level should have ensued. Our 
findings and conclusions are in accord with those of Sturm. 

Associated with the immediate postoperative increase of the blood iodine 
in our patients, there was an increased excretion of iodine in the urine. This 
persisted for about two days and then subsequently returned to normal. The 
explanation for this is not entirely clear. It would at first seem that surgical 
manipulation and trauma to the thyroid gland might liberate iodine-containing 
substances into the blood stream, and thereby result in an increased loss of 
iodine in the urine after first increasing the blood iodine. The explanation is 
not as simple as this. Subsequent to partial thyroidectomy there ensues a 
great increase in the loss of iodine in the urine. 10 However, the urinary excre- 
tion of iodine is increased during the first forty-eight hours following other than 
thyroid surgery, 17 after which there ensues a gradual return to normal. 






816 


THE JOURNAL OF LABORATORY AND CLINICAL -MEDICINE 


CONCLUSIONS 

1. Immediately following total thyroidectomy in man there ensues a tran- 
sient increase in the blood iodine, which persists for about twenty-four hours. 

2. After variable periods following total thyroidectomy, the blood iodine 
decreases to about one-third normal. 

3. The presence of iodine in the blood following total thyroidectomy is 
probably due, in part, to the absorption of iodine from the alimentary tract. 
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THE VAN DEN BERGII REACTION (RING TEST TECHNIC) AND 
HEMOGLOBIN-BILIRUBIN INTERRELATION IN ICTERUS 

NEONATORUM® 


Norman W. Elton, M.D., Reading, Pa. 


T HE findings presented herewith were obtained in a study of icterus neo- 
natorum undertaken to determine the character ot the van den Beigh 
reaction by the ring test technic and to correlate changes in blood hemoglobin 
and bilirubin levels during the first ten days of life. In twenty-four consecutive 
full-term infants, delivered in the Obstetrical Department of this Hospital, 
blood specimens were taken from the sagittal sinus through the anterior fon- 
tanel at frequent intervals during the neonatal period. Each infant was sub- 
jected to at least four fontanel taps for this purpose. On eaeh specimen the 
icterus index, van den Bergh reaction, and bilirubin content of the serum were 
determined. In twelve infants, in addition to these tests, hemoglobin values by 
the improved Newcomer method, and erythrocyte counts were also determined. 
Including cord blood specimens obtained at delivery, 131 specimens have been 
examined. The data have been fully tabulated and will be discussed after a 
brief historical summary. 


HISTORICAL SUMMARY 


All mammals exhibit a progressive increase in blood bilirubin content for a 
few days after birth. 1 In the human infant this physiologic icterus is usually 
visible in the skin or sclerae in about 60 per cent by the third day and dis- 
appears within a week. Opinion has long been divided as to the etiology of 
this icterus. Iloffmeier 2 originally believed it due to a sudden and rapid de- 
struction of red cells, while Heynemann 3 later considered it primarily due to 
a disturbance of liver function. Between these two schools of thought, the 
division of opinion has persisted to the present time. 

Van den Bergh and van Westrienen 1 were the first to note that serum 
trom cord blood was always more yellow than that of the blood of the mother 
or of normal adults, regardless of whether or not the infants manifested a 
visible jaundice. They assumed correctly that the yellow color was caused 
by the pigment bilirubin. 


Ada Hirsch/ using the diazo reaction of Ehrlich, which van den Bergh/' 
following Proscher’s suggestion, had just-adapted to the detection and meas- 
urement of serum bilirubin, made quantitative determinations on the blood of 
the ne wborn. She found that during the first twelve hours of life the serum 
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bilirubin rose rapidly, then more slowly, but progressively, to attain a maximum 
on the second or third day. Visibly jaundiced infants maintained this high 
level throughout the period of its visibility, while those who did not develop 
visible jaundice, or showed but a slight visible jaundice, exhibited the same 
sharp rise in the serum bilirubin curve, but a subsequent sharp drop to rather 
low values. 

Van den Bergh concluded, from his own observations and those of Ada 
Hirseli, that the intensity of the hyperbilirubinemia per se bore no direct rela- 
tionship to the subsequent development of visible jaundice in the newborn, 
and that no fixed threshold of visibility could be postulated in terms of quan- 
titative bilirubin. This conclusion is fully sustained by the findings of the 
present study. 

Herlitz 7 applied the bromsulphalein test for liver function in thirty 
infants not visibly jaundiced, and found a thirty-minute dye retention of 20 
to 30 per cent in five under twenty-four hours of age, 10 to 30 per cent reten- 
tion in seven under seven daj r s of age, 20 to 30 per cent retention in five from 
two to three weeks of age, 10 per cent in eight from one to four months old, 
and no retention in five after the fifth month. In eight others, exhibiting a 
definitely visible icterus, the retention was no greater in corresponding age 
periods. His conclusion was that the liver obviously does not function prop- 
erly in the newborn. 

Considerations supporting excessive blood destruction as the underlying 
factor in icterus neonatorum are based on the decrease in the erythrocyte 
count from a condition of relative polycythemia on the first day of life to a 
count within normal limits ten days later, as occurs in the majority of in- 
fants, and the supposition that this polycythemia is induced by a relative 
anoxemia during intrauterine life, as suggested by Goldbloom and Gottlieb, 3 
who found that guinea pigs subjected to a reduced atmospheric pressure de- 
veloped polycythemia, and that on restoration to a normal environment the 
disappearance of this polycythemia was accompanied by a moderate increase 
in the serum bilirubin level. 

Changes in the hemoglobin content and erythrocyte count in the blood of 
the newborn have been reported quite fully by Forkner, 0 whose average find- 
ings for the first, fourth, seventh, and tenth day periods were 20.49, 21.11, 
19.46, and 19.04, respectively for hemoglobin values in grams per 100 c.c., and 
6.0, 5.5, 5.6, and 5.3, respectively for the red cell counts in millions. Forlmer ’s 
figures for the variations in the red count are closely paralleled by those re- 
ported by Lucas, 10 who found 5.5, 5.2, 5.1, and 4.1 millions for corresponding 
periods. Other investigators have reported counts ranging as high as S mil- 
lions. The studies of Aitkin 11 clearly show that the polycythemia develops 
after birth, rather than being already established prior to birth, and attains 
its maximum within forty-eight hours. The tendency of the erythrocyte count 
to decline during the first ten days of life, exclusive of the first twenty-four to 
forty-eight hours, is definite enough when averages are considered, but indi- 
vidual cases often exhibit marked deviations from the average trend, as is 
demonstrable by the fact that in three of Forkner 's nine infants on whom at 
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least three determinations were made, the maximum red counts were obtained 
during the third to eighth days of life. Hence, in a study of icterus neo- 
natorum simultaneous determinations of changes in hemoglobin and bilirubin 
levels in individual cases are essential. 

THE VAN DEN BERGH REACTION 

The Immediate Bead ion .- —In this series the van den Bergh reaction has 
been determined by the ring test technic advocated by Magatli. 1 * A measured 
amount of clear serum (1 c.c.) is placed in a 15 c.c. (graduated) centrifuge 
tube with a tapering lower end. The tube is then slanted and 0.5 c.c. of 
Ehrlich’s diazo reagent is carefully overlayed on the serum from a pipette. 
Positive reactions are indicated by the development within a few seconds of a 
red ring of azobilirubin at the contact zone between the two fluids. Most of 
these reactions are practically immediate in occurrence when bilirubinate, 
originating from the liver parenchyma as a conversion product of bilirubin, 
is present even in very small traces. After a minute has elapsed, if no reac- 
tion has been observed, the tube is carefully shaken to mix a portion of the 
serum with the reagent. Because of the taper of the tube, serum near the 
bottom will not be so readily disturbed as the upper portion of the serum, and 
the contact zone may be lowered to any desired level. Undisturbed serum 
below may now be compared with the overlying serum reagent mixture, thus 
affording a satisfactory control for the detection of color changes and tlieir 
speed in the same tube. Occasionally a red ring will develop in a lowered con- 
tact zone, although it failed to appear when the reagent was originally overlayed 
on the serum. These reactions are also considered positives, due to their 
definite relationship to the immediate reactions as shown by serial studies, al- 
though they should he qualified as taking plaee after a measured delay period. 
Hence the van den Bergh reaction, by the ring test technic, has been recorded 
as positive, implying an immediate reaction, or positive after a stated interval 
of two minutes or less. 

The ring test technic alone appears to make possible so frequently the detec- 
tion of positive van den Bergh reactions in icterus neonatorum, for they are 
not usually demonstrable by the ordinary procedure. The degree of hyper- 
bilirubinemia is evidently not the determining factor in their production 
(e.g., Infants 15 and 22). 

The golden reaction is characterized by a definite and immediate diffusion 
of a golden yellow color upward from the serum into the diazo reagent over- 
lying it. This type of reaction is frequently encountered in the blood of the 
newborn, and may occur with or without the simultaneous or later develop- 
ment of the positive (red) reaction. 

The Delayed Reaction.— The sensitiveness of the ring test technic is strik- 
ingly demonstrated in icterus neonatorum, for if, after a red ring lias de- 
veloped, the serum and reagent are thoroughly mixed, even a delayed reac 
tion fails to manifest itself. It was observed that in several specimens of 
cord blood, although the ring test was negative, an atypical reddish brown 
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Individual Cake Data 
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3 

30.0 

Golden 

o o 


— 

0 


0 

30.0 

Pos. (1 min.) 

2.3 

- 

- 

0 


7 

21.4 

Golden 

1.1 


- 

0 


9 

18.7 

negative 

0.9 

- 

- 

0 

G 11 

O 

37.5 

Positive 

3.1 

_ 


+ + 



50.0 

Golden 

3.3 

— 

— 



G 

50.0 

Positive 

4.0 


— 

r 


s 

25.0 

Golden 

2.7 



•r 


10 

30.0 

Golden 

3.9 

- 

- 

-V 

7 11 

Cord 

15.0 

Negative 

1.3 

_ 

„ 

- 


2 

30.0 

Golden 

1.6 


— 

0 


3 

50.0 

Golden 

5.2 


- 

0 


5 

60.0 

Pos. (1 min.) 

G.3 

— 

- 

+ 


7 

37.5 

Pos. (1 min.) 

4.0 


- 

-U 


9 

25.0 

Golden 

2.S 

— 

- 

T 


10 

30.0 

Golden 

2.0 

- 

- 

u 

S 11 

1 

18.7 

Golden 

2.7 


~ 

0 


2 

37.5 

Golden 

4.4 

- 


+ 


3 

21.4 

Positive 

4.2 

- 


-f 


4 

30.0 

Negative 

1.0 

- 

- 

4- 


7 

15.0 

Negative 

0.5 

- 

— 

0 


9 

15.0 

Negative 

0.4 

- 


0 

0 I' 

Cord 

11.G 

Negative 

0.75 

- 

- 

- 


2 

37.5 

Golden 

2.7 

— 

— 

+ 


3 

37.5 

Golden 

5.0 

- 

— 

•f ^ 


5 

50.0 

Golden 

5.9 

- 


++ 


7 

25.0 

Pos. (1 min.) 

2.7 

- 

~ 

0 


S 

15.0 

Negative 

1.3 



0 
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Table I — Cont'd 


3 

a 

r', 

£ 

** 

H « 

* X 

g 2! 

DAY OF LIFE 

A 

M 

O 

*5 

'J3 

P 

as 

m 

H 

o 

« 

o 

a 

a 

a 2 

A H 
. O 

c 
< w 
> a 

1 

QUANTITATIVE 

bilirubin 

MG./100 C.C. 

« o 

Is 

§7 

a C3 

A 

i-i 

r* 

A OT 

2 ^ 

a J 
u H 

ci 

DEGREE OF 

VISIBILITY 

OF JAUNDICE 

10 11 

Cord 

15.0 

Negative 

0.0 

— 

— 

- 


o 

30.0 

Golden 

2.3 


4.4 

0 


4 

37.5 

Golden 

3.0 


__ 

0 


0 

37.5 

Golden 

2.1 

— 


0 


S 

30.0 

Golden 

3.8 


_ 

0 


10 

21.4 

Golden 

2.3 

- 

- 

0 

11 F 

Cord 

12.5 

Golden 

1.2 





2 

30.0 

Golden 

3.3 




0 


3 

30.0 

Golden 

2.5 




0 


5 

60.0 

Golden 

5.3 



__ 

+ 4 


6 

50.0 

Golden 

4.5 




4-4- 


7 

50.0 

Golden 

4.0 




+ + 


9 

50.0 

Golden 

4.5 

- 

- 

+ 

12 F 

Cord 

15.0 

Negative 

0.7 





3 

21.4 

Golden 

1.0 




o 


5 

15.0 

Negative 

0.75 




o 


7 

12.5 

Negative 

0.3 

- 

- 

0 


13 M Cord 

1 

3 

5 

7 

9 

14 M Cord 

1 

3 

5 

7 

9 

15 M 1 

3 
5 
7 
9 

18 F Cord 

0 

5 

7 

9 

17 XI Cord 

1 

Twin of 3 

No. 18 3 

7 
9 

18 XI 1 

•> 

•J 

4 


9 


13.5 

21.4 

37.5 

30.0 
18.7 

16.6 

12.5 

21.4 

43.0 

50.0 

50.0 

37.5 

15.0 

25.0 
25.0 
21.4 
21.4 


21.4 

43.0 

50.0 
00.0 
00.0 

10.6 

hem. 

43.0 

50.0 

30.0 
21.4 


30.0 
37.5 

50.0 
37.5 
37.5 


Negative 
Golden . 
Golden 

Pos. (1 inin.) 

Golden 

Golden 

Negative 

Negative 

Golden 

Pos. (v. weak) 

Golden 

Positive 

Negative 

Positive 

Golden 

Negative 

Negative 

Negative 
Pos. (2 min.) 
Positive 
Positive 
Positive 

Negative 

Negative 

Positive 

Positive 

Pos. (2 min.) 

Positive 

Golden 

Positive 

Positive 
Pos. (2 min.) 
Positive 


1.9 

— 

2.7 

12.63 

3.3 

14.39 

4.1 

19.84 

1.5 

15.50 

1.5 

12.77 

1.0 

_ 

1.7 

15.43 

5.0 

16.23 

5.2 

16.91 

5.0 

15.78 

3.7 

18.34 

1.7 

14.38 

2.6 

16.68 

1.5 

15.43 

3.4 

17.36 

1.0 

14.55 

1.2 


4.8 

11.00 

6.7 

15.08 

7.5 

14.90 

12.3 

13.75 

1.0 


2.2 

15. OS 

5.2 

15.60 

4.1 

19.54 

2.9 

14.90 

1.4 

15.25 

3.0 

17.59 

4.0 

17.59 

4.3 

15.43 

4.3 

13.75 

2 2 

16.23 


4.3 

0 

4.2 

+ 

4.6 

0 

4.4 

0 

4.5 

0 

_ 

__ 

4.2 

0 

4.3 

4 4 

4.6 

44 

4.4 

+ 

5.4 

+ 

4.6 

0 

4.5 

0 

4.5 

0 

4.4 

0 

4.0 

0 

4.0 

44 4 

4.4 

4 44 

5.1 

444 

4.6 

444 

4.1 

0 

4.0 

0 

4.2 

44 

4.1 

4 

4.0 

0 

5.S 

0 

5.4 

0 

— 

4 

5.5 

44 

4.5 

4.3 

4 

0 
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3 

« 

D 

K X 

1 “ 

2 g 

2 < 

•*< 

O 

> 

< 

ft 

ICTKUUS INDEX 

a 

s 

w 

3§ 

•< * 

> ~ 

QUANTITATIVE 

niLinuiiiN 

MO./100 C.C. 

2 ^ 
ft d 
o 

.4 O 
o o 

IS 

m c 

A 

H 

£ 02 

D 'A 

ft 

r 5 

. k* 

O f ft 
^ 2 % 

5* x 

ft > o 

19 F 

o 

75.0 

Pos. (deepens) 

7.3 

21.40 

5.0 

4* 


4 

S3. 3 

Goldeu 

7.8 

10.15 

4.8 

4-4- 


0 

60.0 

Positive 

5.6 

18.53 

4.5 

+ 


9 

43.0 

Positive 

4.8 

16.91 

4.5 

+ 

20 F 

Cord 

15.0 

Negative 

O.S 

— 

— 

- 


O 

30.0 

Golden 

3.5 

15.43 

4.9 

0 


4 

50.0 

Positive 

5.6 

16.0S 

6.2 

0 


5 


- 

- 

- 

- 

+ + 


6 

75.0 

Positive 

13.8 

16.23 

5.2 

+++ 


S 

75.0 

Positive 

12.5 

14.55 

5.4 

4-4*4* 


10 

- 

- 

- 

- 

- 

+ 

21 AI 

Cord 

15.0 

Negative 

1.4 

— 

— 

- 


1 

37.5 

Golden 

3.3 

10.46 

5.0 

0 


2 

50.0 

Golden 

3.4 

13.89 

4.5 

+++ 


2 

Died 

with intraadrenal 

hemorrhage 




22 F 

Cord 

8.8 

Negative 

1.35 

— 

— 

- 


1 

25.0 

Golden 

2.3 

20.74 

4.4 

0 


3 

50.0 

Golden 

9,6 

18.64 

4.9 

0 


5 

43.0 

Golden 

5.2 

16.91 

4.5 

+++ 


7 

37.5 

Goldeu 

4.4 

1S.04 

4.S 

+ 


9 

30.0 

Negative 

3.3 

17.36 

4.5 

0 


11 

15.0 

Negative 

1.5 

17.3S 

5.5 

0 

23 F 

Cord 

10.0 

Negative 

1.4 

_ 

_ 

— 


3 

15.0 

Golden 

2.1 

10.03 

4.2 

0 


5 

15.0 

Negative 

1.4 

14.39 

4.2 

0 


7 

15.0 

Negative 

0.9 

16.91 

4.3 

0 


9 

10.0 

Negative 

0.35 

13.S5 

4.0 

0 

24 F 

Cord 

10.8 

Negative 

1.1 



_ 

— 


1 

16.6 

Negative 

o o 

17.59 

5.1 

0 


3 

Hemolysis 

- 

3.S 

18.34 

4.5 

0 


0 

Hemolysis 

- 

2.4 

19,54 

4.3 

4- 


7 

21.4 

Goldeu 

2.0 

17.36 

5.3 

0 


9 

18.7 

Golden 

1.3 

17.59 

4.8 

0 


Notes: 


1. Infant 21 died on second day. Autopsy revealed massive hemorrhage in right adrenal. 
Ductus venosus patent. No bile retention in liver lobules microscopically. Slight trace of 
fresh bile in duodenum and upper jejunum. Jleconium column low in ileum. 

2. Bilirubin values are given in milligrams per 100 c.c. of serum by Thannhauser and 
Andersen technic. 

color developed in the upper layer of serum reagent mixture when the con- 
tact zone was lowered. Possibly these reactions, definite but not strong, are 
pseudoreactions, for they were not found in specimens of sinus blood, and 
they may imply that some reactions of the delayed type are not always true 
azobilirubin reactions. 

The greatest value of the ring test lies in the fact that many reactions, 
which would be termed delayed by the ordinary procedure in the conditions 
with which jaundice may be associated, are proved to be true positives, as 
has been demonstrated in a previous study , 13 and the incidence and impor- 
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INFANT NUMBER 

BIRTH 

POUNDS 

WEIGHT 

OUNCES 

PERCENTAGE 
WEIOIIT LOSS 

1 

8 

9 

0% 

0 

6 


5% 

3 

0 

1 

2% 

4 

6 

9 

3% 

5 

6 

1 

3% 

c 

5 

10} 

6% 

7 

8 


8% 

8 

9 

5 

2% 

9 

5 

9 

8% 

10 

6 

1 

9% 

11 

7 

8 

3% 

12 

6 

11 

3% 

13 

0 

9 

2% 

14 

8 

2 

3% 

15 

6 


2% 

16 

7 

1 

4% 

17 

4 

15 

0% 

18 

5 

1 

2% 

19 

5 

12 

9% 

20 

6 

12 

5% 

21 

- 

— 

— 

22 

8 

3 

5% 

23 

7 


2% 

24 

8 

6 

2% 


bay of appearance of 

FIRST YELLOW STOOL 
2 

5 
4 
■1 
0 
2 
4 
4 
3 

6 
•1 
3 
6 
6 

3 

4 
6 
6 
4 


8 

7 

5 


tance of the delayed reaction is markedly reduced. Serial studies during the 
development and recession of jaundice in adults indicate that only delayed 
reactions with very short delay periods are of any practical significance, and 
that they are definitely associated with the positive reaction itself, originating 
from a functional or pathologic disturbance of the bilirubin excretion mecha- 
nism in the liver. Five minutes is regarded as long enough to wait for a 
delayed reaction of any clinical significance. 

INTERPRETATION OF FINDINGS 

Correlation of the intensity and duration of icterus neonatorum with birth 
weight, sex, percentage weight loss in the neonatal period, and the appearance 
of the first yellow stool has proved difficult if not impossible, and certainly 
occult. Percentage weight loss may be regarded as a fair criterion of de- 
hydration, but infants exhibiting no loss, or only a slight loss, develop jaun- 
dice of no greater or less intensity than others showing maximum losses. The 
time of appearance of the first yellow stool, affording evidence of active bile 
excretion after birth, is governed not only by the initiation of postnatal liver 
activity, but also by the variable interval of time required for the expulsion 
of the meconium column, and is, therefore, of little significance. 

The interpretation of the development of the positive van den BerHh re- 
action during the course of icterus neonatorum is essentially the same°as in 
the icterus evolving from interstitial blood extravasations , 13 in that it is in- 
dicative of the passage of a pigment overload through the functioning lobules 
of the liver. As an integral phase of the excretion process for bilirubin^ conver- 
sion of bilirubin to a bilirubinate occurs before the pigment is finally excreted 


824 


THE JOURNAL OF LABORATORY AXD CLINICAL MEDICINE 


into the bile canaliculi, and leakage of the positive-reacting bilirubinate from the 
sensitive and readily congested central zone polygonal cells of the liver lobules 
into the liver lymphatics or sinusoids causes the appearance of the positive van 
den JBevgh reaction in the general blood stream. In the icterus resulting from 
the absorption and excretion of a surplus of bilirubin derived from the disin- 
tegration of hemoglobin in interstitial blood extravasations, the positive van den 
Bergh reaction, when it develops, occurs near the peak of the bilirubin curve, 
and is followed by a recession of the jaundice. Many of the curves obtained in 
this study of icterus neonatorum exhibit a similar phenomenon. 

The contention that icterus neonatorum is caused chiefly by excessive 
blood destruction is not supported by the interrelation of bilirubin, hemo- 
globin, and erythrocyte changes in individual cases, for fluctuations in red 
counts and hemoglobin values often occur quite independently of and dispro- 
portionately to bilirubin changes, and losses in hemoglobin or red cells are 
not accompanied by corresponding rises in bilirubin levels. On the contrary, 
the only correlation existing with any degree of constancy is that rises in 
hemoglobin accompany rises in bilirubin, and that the hemoglobin declines 
with the bilirubin. Correlations with red counts exhibit even greater disparities. 

Factors involving the liver, however, afford reasonable etiologic possibili- 
ties. The period of the patency of the ductus venosus Arautii, which acts as 
an Eck fistula during the first few days of life, corresponds exactly with the 


Table II 

Occurrence or Positive va.v de.v Bekgh Reactions With Ring Test Technic in Icterus 

Neonatorum 


DAY or LIFE 

NEGATIVES 

POSITIVES 

PERCENTAGE 

OF POSITIVES 

Cord 

is 

0 

0% 

1 

10 

0 

0% 

O 

li 

o 

15% 

3 

u 

5 

31% 

i 

•t 

4 

50% 

5 

7 

7 

50% 

6 

4 

5 

55% 

7 

10 

5 

33% 

S 

4 

3 

43% 

9 

10 

5 

33% 

10 

4 

1 

20% 


Table III 

Average Jctf.bus Index, Hemoglobin Content, and Bilirubin Content of Blood of 

Newborn 


DATS OF LIFE 

ICTERUS index 

HEMOGLOBIN 
(GM./100 C.C.) 

bilirubin 

(MG./100 C.C.) 

Cord 

14.2 (IS)* 

— 

1.0 (18) 

1- 2 

31.6 (23) 

16.42 (11) 

3.1 (24) 

3" 4 

40.0 (23) 

15.60 (11) 

4.2 (24) 

5- 6 

44.2 (22) 

17.0S (11) 

4.4 (23) 

7- 8 

33.0 (23) 

15.95 (10) 

3.7 (22) 

9-10 

2S.S (31) 

15.66 (10) 

2.9 (21) 


Figures in parentheses indicate number of specimens on rvhieh the average is based. 
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phenomenon of icterus neonatorum. Furthermore, the circulatory changes 
incident to birth should have a marked effect upon both the hemoglobin and 
the bilirubin metabolisms. 

The hemoglobin metabolism will be affected by the interruption of tbe 
arterial blood supply through the umbilical vein from the placenta and the in- 
stitution of oxygenation of the infant’s blood in its own pulmonary circulatory 
system. Immediately following birth the ductus arteriosus shunts a large 
amount of the blood in the pulmonary artery directly hack into the thoracic 
aorta, until it undergoes a process of obliteration not entirely completed tor 
several weeks, before the pulmonary circulation becomes independent. A 
partial anoxemia, due to the fully functioning ductus arteriosus at the time 
of birth, would reasonably account for the rapid increase in erythrocytes dur- 
ing the first hours of life, creating a relative polycythemia as a compensatory 
mechanism, operative until the ductus arteriosus undergoes sufficient initial 
stenosis to establish a more compatible circulatory balance for the free-living 
child. During this period of readjustment from a parasitic life to an independ- 
ent existence hemoglobin will be in demand, and the large iron reserve noth 
which the newborn are endowed 1 will be utilized. 

Liver function will to some extent be impaired by this transient partial 
anoxemia subsequent to birth, but the patent ductus venosns, lessening the 
blood supply of the liver by diverting the portal flow directly into the vena 
cava will greatly impair its efficiency as an excretory organ for bilirubin, and 
retention of the pigment in the blood stream will result. If, when the liver 
finally begins to excrete bilirubin effectively, after tbe closure of the ductus 
venosus, a sufficient proportion of its lobules become active and the pigment 
retention has not been too great, lobular overloading will not be sufficiently 
intense to cause leakage of bilirubinate, and positive van den Bergh reactions 
will not appear in the general circulation ; but if bilirubin retention has been 
marked, or the liver does not commit to action an adequate number of its 
lobules, then positive reactions may develop from the leakage of bilirubinate 
from the overload-congested central zones of the functioning lobules. 

Hence, the changes in hemoglobin and bilirubin content taking place in 
the blood of the newborn, appearing as two independent and only indirectly 
related phenomena, may logically be considered to be induced primarily by 
tbe patency of the ductus arteriosus and of the ductus venosus respectively. 

SUMMARY 


In twenty-four full-term infants 131 specimens of Wood have been examined 
at frequent intervals during the first ten days of life to determine the charac- 
ter of the van den Bergh reaction by the ring test teclmie and to correlate 
blood bilirubin and hemoglobin changes during tbe course of icterus neo- 
natorum. 

The positive van den Bergh reaction was found to occur with a frequency 
of 36 per cent in all specimens during the second to tenth days, and to attain 
a maximum frequency of 55 per cent on the sixth day 

Since the most complete studies reported in the literature on variations in 
erythrocyte counts and hemoglobin values i„ the newborn show that a relative 
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or absolute polycythemia develops after birth, and usually within the first 
two days of life, and since during this same period the bilirubin level is rapidly 
rising in the blood, the postulation of excessive blood destruction as the under- 
lying cause of icterus neonatorum does not appear x'easonable. Partial an- 
oxemia induced by the patency of the ductus arteriosus, and a disturbance 
of liver function induced by the patency of the ductus venosus Arantii provide 
rational explanations of the transient polycythemia and jaundice during the 
early neonatal period as two independent phenomena. 

No correlation has been found in the data derived from this investigation 
supporting the assumption that blood destruction is a factor of any appre- 
ciable significance in the etiology of icterus neonatorum. The levels of bili- 
rubin and hemoglobin in the blood tend to rise and fall together, although at 
times subject to erratic fluctuations. The patency and closure of the ductus 
venosus are presented as the logical factors in the etiology, intensity, duration, 
and termination of this icterus. 
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RHEUMATOID 


ARTHRITIS AND ITS TREATMENT BY GOLD SALTS'* 


The Results of Six Years’ Experience 


Jacques Forestier, M.D., Paris, France 

npHOUGH the work of Mollgaard of Copenhagen on theactionof golf 
Jl experhneiital tuberculosis in calves has uot been cheated by authots, 

there is sufficient clinical evidence that in well chosen cases rftaman^er^ 
losis these compounds arc of value to cheek at least temporarily the evolution 

" f "s shown that in experimental infections * 

no action if injected at the time of the inoculation of .bacteria. On tte«mto y 
the, can control these infections if injected some time aft« *0 inocntato 
- These experiments suggest that if those compounds have »» d 

effect they are able to stimulate the defense reaction, once they have started 
£%£& Subjects. It may account also for the fact that gold comport 
seem to be more effective in subacute and chrome diseases, than m acute 

““h gold salts are active in a chronic disease like human tuberculosis, why 
should they not be active in another chronic disease m which an impoitan in- 
fectious factor seems to be present? If our hypothesis were true it should soon 
be demonstrable that gold salts are active m true rheumatoid arthritis and m all 
forms of infective arthritis. This was the basis of our conception and the start 
of our use of gold salts in the treatment of arthritis. More than six years have 
elapsed, and our experience based on over 550 eases treated and observed duiing 
at least two or three years has proved conclusively the correctness of our opinion. 
Injections of gold salts when properly administered have given better results in 
tlie treatment of atrophic (rheumatoid) arthritis and of all forms of infective 
arthritis than any previous method employed in France; on the other hand, they 
have little action, if any, cn the different forms of degenerative arthritis, osteo- 
arthritis. 

With these ideas in mind, I started in 1928 to select a certain number of 
severe forms of chronic polyarticular arthritis, for treatment by gold salts. 2 
Following the procedure employed in the treatment of tuberculosis, I experienced 
some ill-cffccts due to over-dosage, such as stomatitis and erythema; but in spite 
of the lii<di percentage of such incidents (25 per cent) I was gratified to observe, 
after two years’ experience, that more than 60 per cent of my patients had 
greatly benefited from this treatment. In a few instances the clinical results 
were so surprisingly good that, for the first time, I got the impression that the 


•From the Ilopltaux <le Paris ami the Hospice Thermal Reinc-Hortense, Aix-les-Balna. 

S27 
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patients were not only free from symptoms, but practically cured. 15 A recent 
paper of G. Slot and P. M. Deville and others, of London, confirmed our work on 
this subject. 4 In Germany the problem has been approached with success by 
Umbei* 5 and Zimmer. 0 

The chemotherapeutic treatment of chronic diseases is no easy matter, be- 
cause the physician cannot be content with a mere, temporary improvement but 
desires to find a complete cure if such is available. Furthermore, spontaneous 
remissions, or, more rarely, spontaneous arrest of the disease may be attributed 
to treatment. This is why we cannot judge the action of any new therapeutic 
either in a short period of time, or with a few cases. 

In cheeking the evolution of arthritis we cannot rely only upon clinical 
symptoms; they must not be disregarded, but we would like to have a specific test 
which eould inform us as to the value of the actual treatment. 

We can, however, say that even if the problem has not yet been entirely 
solved since we have not yet any specific reaction in connection with rheumatoid 
arthritis, like the Wassermann in syphilis, we have at least two reliable labora- 
tory tests, which give us a fair measure of the activity of rheumatoid arthritis. 
These are the resorcin-flocculation test of Yernes and the sedimentation rate of 
the red corpuscles test of Fachreus-Westergren. For the past four years we have 
been strongly advocating the use of these tests for arthritis in France, and they 
are now beginning to be commonly accepted. The value of the latter has been 
pointed out by some English and American authors (Pace, 7 Buckley, Dawson, 
M. H., Sia, R. II. L., Boots, R. II., s Rawls" and others). 

The Resorcin-Flocculation Test of Femes. — In 101 cases of inflammatory 
arthritis, mostly of the polyarticular rheumatoid form, we have found with 
Coste and Lacapere an average figure of 14.8. On the other hand, in 51 eases 
of osteoarthritis, the average figure has been 14.7 which is very similar to the 
average figure obtained in supposedly normal subjects. 

The Sedimentation Rate of the Blood Corpuscles 70 which has been introduced 
in medical practice by Faehreus and Westergren is easier, and gives the most help. 
The technic which is the simplest and the most reliable is that of Westergren. 
We express it usually by measuring the height of the supernatant plasma after 
one, two, and twenty-four hours. The first hour is the most important (Normal : 
1-6 mm. in men, 6-S mm. in women). In the past five years we have made with 
Gerbay several thousand determinations, and we believe that all the proposed 
improvements in the technic of the method, are fallacious; since it is a non- 
specific test, and only the comparative values in the same patient are interesting 
and not the absolute figures. Our findings have been very similar to those of 
Dawson, Sia, and Boots, and we can state that in almost every ease of rheumatoid 
arthritis in process of evolution the sedimentation rate (S.R.) is permanently 
accelerated, very often over 30 and 50 mm., for the first hour. 

But the prognostic value of the sedimentation rate is far greater than its 
diagnostic value. Our patients under treatment with gold have been tested 
almost, eveiy month, and at the beginning and at the end of every series of in- 
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jections. By this method, it is possible to draw a curve which represents better 
than any other data the process of evolution of the disease. After an experience 
of over four years the following statements can be made regarding the sedimenta- 
tion rate. If the curve remains on a high level, even falling slightly, but with no 
real tendency to come back to normal figures, it means that the disease is pro- 
gressing and, if the patient is being treated, it shows that the treatment is of 
little effect. If the curve, even after a period of being stationary at a high 
level, tends very progressively to come down and reach normal figures (under 
10 mm.) in a few months, it means that the progress of the disease is being - ar- 
rested and that the treatment is efficient. 

It will not be possible, however, to consider that the patient is really clin- 
ically cured until a long time has elapsed after the cessation of treatment. The 
sedimentation rate must remain normal when recorded at regular intervals of 
three to six months. 

If the curve, even after a long period of normal figures, has a tendency to 
rise up again, even slightly, and even with no clinical symptoms, it is almost 
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Fig. 1. — Graph of the sedimentation rate (first hour figures, Westergren's method) and 
resorcin flocculation, in a patient submitted to gold salt treatment. Case of generalized atrophic 
arthritis of eighteen months’ duration, in a patient forty-two years of age, a mother of 
nine children, onset at eighth child's birth. Note slow descent of both curves under action of 
treatment, and relapse due to discontinuance of injections. Control of relapse was obtained 
by another series. Alio, gold salts. C. Th„ thermal treatment. 


certain that the disease is starting again and active treatment should be resumed 
at once (Fig. 1). 


INITIATION OF THE TREATMENT OF GOLD SALTS 

Before commencing a course of treatment by means of gold, eases should be 
carefully selected. A test of the tolerance of the patient toward the drim 
should he carried out, since, while it is effective, the method of treatment may 
at times give rise to untoward effects. The resorcin-flocculation test whenever 
feasible and the sedimentation rate must be made to test the actual condition 
of the disease and its tendency to aggravation. 

INDICATIONS 

The selection of cases for gold salts treatment is most important if disap 
pointing results are to be avoided. Gold salts are active in every form of inflam- 
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matory arthritis, almost at every active period of its evolution, but may have 
practically no action in degenerative arthritis in its different forms. Here are 
the main indications: 

I. True rheumatoid arthritis in its more serious forms at the beginning of 
its evolution (subacute) when swelling of the joints has just appeared; but even 
at much later stages, when distortion, ankylosis, and intense muscular atrophy 
have taken place. At middle age the form which occurs in women at the 
climacteric period can be equally treated with success. 

We have seen considerable improvement amounting to cure in patients over 
eighty years of age. Multiple synovitis without articular involvement responds 
favorably to gold salts. 

II. Chauffard-Still’s disease in childhood. 

III. Focal infection (metastatic) arthritis of the oligoarticular or mono- 
articular form, whatever the germ may be, gonococcus, Bacillus coli, dysenteric 
bacillus, etc., and also when the germ is unknown. 

IV. Attenuated forms of tuberculous arthritis of the fibrous type, which 
may be held as transition types between true rheumatoid arthritis and what we 
call in France, “tumeur blanche.” They are often associated with an enlarge- 
ment of the lymph nodes, and respond satisfactorily to gold salts treatment, 
but generally need higher dosage. In true tuberculous arthritis, especially' when 
visceral localization of the disease is coexistant, it is interesting to point out that 
gold salts treatment is not quite so successful, and higher dosage is required. 

V. Ankylosing spondylitis which is an inflammatory arthritis of the small 
joints between the facettes of the spine, resulting finally in the calcification of 
the perivertebral ligaments. This disease is associated with permanently acceler- 
ated sedimentation rate in its active stage. It responds favorably to gold salts 
treatment. Ankylosis can be prevented if the condition is early diagnosed and 
treated before general calcification of the spine takes place. 

CONTRAIN DICATIONS 

Conversely, experience lias shown that gold salts are of little, if any help, 
in the treatment of the different forms of osteoarthritis (arthrosis), namely, 
spondylitis deformans with true osteophytic productions on the bodies of the 
vertebrae, and hip joint arthritis of the form of Malum coxae senilis (on the 
other hand, polyarticular arthritis of rheumatoid type involving the hip joints 
is a true indication for gold salts) ; osteoarthritis of the knee joints of old women, 
Heberden nodes, etc.; we do not use any more in such cases. 

Once it is recognized that the patient is a case for gold salts treatment, the 
second question which arises is whether the organic resistance is satisfactory 
and will allow of such chemothei’apeutic treatment. Severe diabetes, Bright’s 
disease with marked albuminuria and tendency to uremia are, of course, definite 
contraindications. Hyperpiesia, except when very high, permits the use of gold 
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salts provided i he treatment is well supervised. When a definite hepatic in- 
sufficiency is obvious, the treatment should be avoided, but when only mild symp- 
toms o£ liver deficiency are detected, treatment is permissible. We do not treat 
patients who have shown definite hemorrhagic tendency (hemogenia, hemophilia). 
As a routine examination, in addition to the sedimentation rate, we carry out on 
our patients before the beginning of gold salts treatment live following labora- 
tory tests : 

Urine: albumin, sugar. 

Blood: cholesterine, urea. 

Blood corpuscles: complete count of while cells and red cells with Arneth’s 
index. 

Time of coagulation : time of bleeding. 

If no contraindication is detected, the treatment, may be commenced at once. 
If a definite focus of infection has been detected it will be attended to immedi- 
ately, only if the general condition of the patient is favorable. If not, it seems 
wise to attempt to build up the patient’s resistance, before submitting it to any 
surgical shock. The use of gold salts is a help in this matter. 


CHOICE OP GOLD SALTS 

The only active salts are those which contain a high proportion of gold 
(40 to 60 per cent) combined with a sulphur radical. Neither colloidal gold 
which acts as a colloid, nor gold chloride and cyanide are effective for our pur- 
pose. 

As far as the form of injection is concerned, our method being an ambula- 
tory one, we prefer the intramuscular route. Such injections may be given by 
skilled nurses or even by properly trained relatives of patients, provided the 
treatment is closely supervised by the physician. 

Gold salts cun he injected either in aqueous solution or oil suspension. The 
compound which we used at the start of our experiments was an aurotbiopro- 
panol, sulphonate of sodium (allochrysine). 

After three years’ experience, we had arrived at the following method of 
administering allochrysine. Injections are given at weekly intervals, startin'-- 
with doses of 5 eg. and repeated two or three times, the immediate reactions 
(focal reactions, temperature, malaise) being watched. If little or no reaction 
appears, weekly doses are raised to 10 eg. and the total for the first series ranges 
between 1.50 gin. and 2 gm. in polyarticular rheumatoid arthritis. When we wish 
to give a more intensive treatment, we diminish the intervals of injections to five 
or even three days, but wc never increase the dose beyond 10 eg. for one injection. 

The aurothiomalate of sodium (myochrysine)* may be given in about the 
same dose as allochvysmc, or even in higher doses. We generally use weekly 
mjcctkms of 10 to 20 eg. approximately. It is water-soluble and lipo-insolnble 


•Myoehrysine (a manufactured in U. S. .V by Merck & Co 
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and is rather quickly absorbed either in aqueous solution or in oil suspension; 
it corresponds to the following formula: 

COO Xa 



CH-S-Au 

I 

COO Xa 

The aurotliioglycolate of calcium (my oral) 3 is insoluble both in water and 
oil, therefore has to be injected in oil suspension only, so it is rather more slowly 
absorbed. It has given also favorable results. 

The aurothioglucose (solganol B) can be given in higher dosage than any 
of the gold salts previously mentioned. Starting with the same dose of 5 eg., we 
have been able to increase the weekly dosage up to 20 and sometimes 30 eg., the 
total amount for the series ranging between 2.50 gm. and 3 gm. The percentage 
of improvements is about the same as with the other salts. 

Whatever compound is used, the interval between the first two series should 
not exceed six to eight weeks. Later on, it can be increased to three or four 
months, if the patient has been making good progress. 

The dosages given are the results of experience varying between six years 
for alloehrysine and two or three years for the other salts. They have proved 
to be the best for obtaining a high proportion of good results with a small 
number of incidents and untoward symptoms. My colleague and coworker, F. 
Coste, 11 has recently proposed higher dosage in severe forms of arthritis, but 
1 cannot recommend them as a routine method. 

Recently, we have had the opportunity of using the original sanocrysin in 
oil suspension. It is well tolerated, but as solganol B it requires slightly higher 
dosage to give equal results to myoehrysine, myoral, or alloehrysine. 

In the light of our present experience we are not able to recommend the ad- 
ministration of gold salts by mouth, as an initial treatment in rheumatoid 
arthritis. 

I. Whatever gold salt is chosen, our first principle is that treatment should 
be carried out by regular series of doses with intervals of rest as described, 
during at least one or two years, just as antisyphilitic treatment is carried out 
by chemotherapy with arsenic, mercury, or bismuth. Any attempt to threat 
rheumatic patients by incomplete or by one series only , mill lead to failure or 
rapid recurrence of symptoms after partial improvement. 

II. The second principle of the treatment of rheumatoid arthritis by gold 
salts is that it should be applied as soon as possible after the onset of the disease. 
Although the treatment is efficient even in cases of long standing, the results are 
far-better when it is applied in early cases. 

III. The third point is that the effect of the treatment should be cheeked 
at regular intervals by means of blood examinations. We have shown the im- 

*Tlie aurotliioglycolate Is imported in U. S. A. by Fougera & Co. 
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portance of the resorcin-flocculation test and of the sedimentation rate. "W hen 
the figures of these reactions decrease progressively it means that the treatment 
is effective, and it is unnecessary either to change the dosage or the particular 
gold compound in use. If, after two or three months ’ treatment the blood tests 
do not show any improvement in the biologic conditions, the physician will have 
either to increase the dosage for the next series of injections or even use another 
type of gold salt. 

We have seen eases which did not respond to small doses greatly improved 
by injections of larger doses. We have seen a few cases where one type of gold 
salt was inactive and another successful. No very strict rules can be given on 
the particular point. It is a matter of clinical and laboratory experience which 
can only be determined for the individual by the physician. This is the part of 
gold treatment which really belongs to the art of medicine. 

In conclusion, the dosage which we advocate is far smaller than that given 
to tuberculous patients by the majority of the profession. 

In fact, arthritic patients are much more sensitive to injections of gold 
salts than tuberculous patients; perhaps this is because their allergic state is 
more marked. On the other hand, they respond most favorably to relatively 
small doses of gold salts. Whenever these doses are greatly increased, a high 
proportion of untoward incidents appear. 


REACTIONS 


The reactions to injections of gold salts may be local, focal or general. 
Local reactions are very rarely experienced, as injections of gold salts do not 
.cause any irritation, when the preparation is properly dissolved in water or when 
suspended in oil. A short massage of the injected area is recommended after 
the injection to avoid nodules. 

Focal reactions, revealed by pains in the joints and sometimes a temporary 
increase of the swelling, appear in about one-third of the cases, when small doses 
are used. They are generally more marked at the beginning of the series, and 
they tend to diminish and to disappear after 4 to 10 injections. They may be 
relieved by aspirin. 

General reactions appear still more rarely when our method of small doses 
is accurately observed. They consist in most cases of a slight rise of tempera- 
ture which does not exceed 1° F., they are rarely more marked. Such general 
reactions are desired by physicians using large doses of gold salts (K. Secher) 
but we prefer the small dosage method. Pruritus and urticaria are rather fre- 
quently met with, but provided they do not increase with each injection they do 
not indicate the necessity for any change in the treatment. As with focal re 
actions, they tend to become less marked during the progress of the series 
When they arc severe, a reduction in the dosage of the following injection is 
indicated. ° J 


Another group of moidcn s wtoeh may be canoed hy gold salts are those 
wluch have been described by M.l.au under the neologism “Biotropismc •• They 
eons, st of the appearance of the symptoms of some disease which was „ot provi 
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ously suspected. Those most frequently met with are the symptoms described 
as “gold bronchitis” or “gold flu.” Sometimes, they are more severe and may 
result in foci of congestion in the lung. Other forms of such accidents are repre- 
sented by the appearance of boils. In four cases, we have observed herpes 
zoster. 

All these accidents seem to be due to reactivation of a latent disease. They 
do not contraindicate the continuation of the treatment and generally disappear 
toward the end of the scries. 

Bronchial reactions are more frequently encountered with solganol B than 
with any other gold salt. 


UNTOWARD SYMPTOMS 

As is the case with the salts of all heavy metals gold salts may cause unto- 
ward symptoms which may affect three groups of organs : 

1. Skin and mucous membranes 

2. Liver and kidneys 

3. Blood corpuscles 

I. Reactions arising in connection with the skin are the most frequent, and 
may be large or small papules, surrounded by areas of erythema (with solganol 
B); erythema more or less generalized (with all other gold salts); in severe 
cases, which arc very rare, dermatitis exfoliativa. Their intensity is generally 
in proportion to the doses injected. They may appear with the first or the last 
injections of a series. When they appear early and are only localized, they do 
not contraindicate continuation of the treatment, but in severe forms, injections 
must be at least temporarily stopped. 

Reactions connected with the mucous membranes appear generally in the 
mouth, giving rise to small erosions, soreness and dysphagia; conjunctivitis, 
sometimes associated with keratitis has been observed. They also necessitate 
interruption of treatment. They are not commonly associated with skin troubles. 
In a few cases we have observed diarrhea which may be due to the effect on the 
mucous membrane of the bowels. 

Since we have discarded large doses of gold in the treatment of arthritic 
patients, such skin and mucous membrane accidents have never been severe and 
the percentage has greatly diminished. 

II. Albuminuria and tendency to renal insufficiency appear orrly in predis- 
posed patients. As long as the functional value of the kidneys is good, and as 
no casts are detected in the urine treatment may be continued, even with moder- 
ate degree of albuminuria. With our small therapeutic doses, repeated series 
of injections have never pronounced any signs of nephritis in our patients. 

III. We have observed in a very limited number of cases (4 out of over 
500) reactions of agranulocytosis (2 cases) and purpura until hemorrhagic 
tendency (2 cases). Agranulocytosis has appeared in patients quite suddenly 
after several series of injections; this happened when we did not control the 
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use of amidopyrine in our patients. In our two eases, it was cured promptly 
by discontinuing the treatment and giving injections of sodium nucleinate. 

Of the two cases of purpura, one was a mild one, because the treatment was 
immediately stopped, the other was very severe and was followed by fatality, 
owing to insufficient supervision of the treatment, gold salts and thorium X in- 
jections being given simultaneously by mistake. 

Considering these accidents as a whole, they must not be taken too seriously, 
and it would be a great mistake to deprive arthritic patients of the benefit of 
gold salts, for fear of accidents which appear to be somewhat rare and in most 
cases are not serious. 

It is most desirable that these accidents should be absolutely avoided, but 
such a desideratum has not yet become a reality. Sczary and Maurie have pro- 
posed to test the sensitization of the patients by sldn tests made with various 
gold compounds. 

To prevent skin reactions of severe intensity, German author's have sug- 
gested giving glucose, 40 to 80 gm. a day by mouth, during the whole of the 
series. In France, we use extensively total hepatic extract by mouth — 10 grains, 
twice a day or better by intramuscular injections given with the gold salts. 
When such reactions have appeared, hepatic extract given by injection simul- 
taneously with gold salts has enabled the treatment to be continued. We have 
used also with some success thiosulphate of sodium by intravenous injection 
and thiosulphate of magnesium by mouth or by intramuscular injection. 

All the accidents described are considered generally wither due to intol- 
erance, and sensitization appearing in some subject, than to real toxicity of the 
injected product. 


CLINICAL RESULTS 


All authors who have made use of injections of gold salts agree that in 
favorable cases the action of the treatment is most remarkable, on every kind 
of symptom. With our method of small doses, wc must admit that the results 
obtained are rather slow and generally do not begin to appear before two or 
oven three months, after the beginning- of the injections. But, once they, have 
appeared, they are progressive and continue to increase even after discontinuing 
temporarily the injections. 

The first symptom to be definitely relieved is pain. If there was pain at rest 
it disappears rapidly. If it existed only on motion, the movements become less 
and less painful and the patient is able to effect movements which had been im- 
possible for months or years. Wc often judge of the amount of improvement, ex- 
perienced by the great diminution in the amount of aspirin or similar com- 
pounds necessary to enable the patient to lead a social life. 


When patients are treated during the proliferative period, the second shm 
of improvement is the softening of the swelling, and later on its gradual disap- 
The action of gold salts on the general condition, of the patient is equally 
remarkable. While a certain number of eases of rheumatoid arthritis still con- 
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tiime to enjoy a satisfactory measure of health, many of them, especially during 
the period of evolution become pale and sallow, feel extremely depressed, and 
continually run a slight temperature. After two or three months of gold salt 
injections, the general strength is increased, appetite becomes better and the 
color improves greatly. In some cases an important gain of weight is obtained, 
but this rule is not without exception, as the restitution of the functions affords 
more exercise, some patients gain in flesh, and lose in fat. At the same time, 
the temperature curve, which is generally slightly above normal, tends very 
slowly but regularly to come back to normal and if the ease he observed for 
several months, the action of the gold salt injections is quite obvious. The run- 
ning of a normal temperature is one of the essential features which prove that 
the disease is arrested. The extent of the improvement observed depends largely 
upon the condition of the patient at the start of injections. 

I. In relatively early cases, when the soft parts of the joints only are in- 
volved, which may last from one to three years in rheumatoid arthritis, the re- 
sults of the gold salt injections can restore the functions almost to restitutio ad 
integrum. Here and there, may remain some partial stiffness and muscular 
wasting, but in most eases, patients in that stage of the disease may return to 
a normal life again, with a small amount of reeducation, massage, mechanotherapy, 
and sometimes spa treatment. 

II. In cases of longer standing, when the cartilages have begun to be 
eroded, when muscular atrophy has become very severe and when chronic in- 
flammation of the periarticular tissues lias brought about fibrosis and retractions, 
the results of gold salts cannot be so satisfactory. They stop the inflammation, 
reduce the swelling and suppress the pain, but they are not able to rebuild the 
partially destroyed anatomical elements. Nevertheless, the action of gold salts 
in such eases is most remarkable, and it is surprising to observe how rapidly 
deformed joints and wasted muscles acquire a considerable amount of functional 
restoration provided the chronic inflammation which is characteristic of the 
disease has been checked. 

Of course, in combination with injections of gold salts, and especially after 
they have begun to act, physiotherapy will play a great role in completing the 
restoration of the functions. 

III. At the terminal stage of rheumatoid arthritis, at the period of dis- 
tortions, bone destruction and permanent malposition of the limbs, one would 
think that chemotherapeutic injections would be of no help. Such was our 
belief at the start of our experience, but when we were begged by some miserable 
patients who had been in this condition for many years to give them a chance 
with the injections, we were greatly surprised to see that even in such desperate 
cases some partial but noticeable improvement could be obtained. 

A young lady of thirty-five years, living in the south of France, who had been affected 
by polyarticular rheumatoid arthritis for thirteen years had developed fibrous ankylosis of 
both knees one hip, both wrists, and one ankle. She was unable to walk more than a few 
steps even with crutches, and every attempt to correct her deformity was extremely pain- 
ful She was given two series of 1.50 gm. of allochrysine, and ten months later she was so 



forestier: rheumatoid arthritis 


837 


much benefited that she could walk with one stick and has been able to resume work. For 
the past three years, this improvement has been maintained by regular series of gold salt in- 
jections at rather wide intervals. 

LABORATORY RESULTS 

We do not believe that the conduct of gold salt treatment without any lab- 
oratory test is satisfactory. If clinical observation affords in some cases the 
possibility of judging the effectiveness of the treatment, in many cases it proves 
fallacious. Clinical observation alone is unable to decide whether chronic 
moderate swelling is due to an inflammatory process or to pure fibrous tissue, 
the equivalent of a scar. Conversely, we have observed a good many cases where 
no clinical symptoms of evolution were noticed but which showed a high sedi- 
mentation rate. When these patients are not treated, they regularly experience 
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Fig. 2.— Diagram using Jansen’s ciphers demonstrating joint changes before and after, 
treatment. Case of polyarthritis of five years' duration in a man fifty-seven yea “of 
Note active swelling of numerous joints before treatment; and almost normal joints nine month, 
later. Two series of 1.50 gm. of gold salts were given, with an interval of six weeks montha 


severe relapses within a short time, and it is to be pointed out that the action of 
gold salt injections after relapses is not so satisfactory as that originally ob- 
tained. 

Last but not least is the question when the gold salt treatment has to be 
discontinued. None of our cases of polyarticular rheumatoid arthritis lias ever 
been cured by a single series of injections; we never prescribe less than two 
scries when we see a patient for the first time. As long as clinical symptoms of 
activity of the disease are observed, the duty of the physician is plain. He has 
to treat the patients by regular series at regular intervals. But when the m 

f“ l sl 7 s syml,t ° ms «*»*, neither pain, s, renin. ^ 

temperature, Una is when the laboratory tests are of great importatee As“loT 
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as the patient shows an accelerated sedimentation rate above 10 or 15 mm. 
and an increase of the resorcin iloceulation, above 30 or 40, we cannot consider 
the case as arrested, even if the patient is free from symptoms. He has to be 
treated, perhaps with smaller doses and at longer intervals, until these reactions 
become normal again. If a different attitude is adopted, sooner or later a re- 
lapse will appear, and as wo have said relapses arc more difficult to cheek. 

Once the laboratory tests have returned to normal figures, is the treatment 
to be discontinued at once? We do not think so; we give a last additional 
series of gold salts which we call a “consolidation” series. 

If both clinical and laboratory data are normal after this series, the patient 
is asked to come back regularly at three-month intervals during the next 
two years for a sedimentation rate test and resorcin-flocculation test. As long 
as the patient remains free from symptoms and these tests remain normal, no 
further injections are necessary. But if any of these tests show the slightest 
tendency to relapse, gold salt injections are resumed at once. 

In order to have a basis of comparison for the joint changes of our patients 
during the course of the treatment, we have used for the past three years 
sketches designed by Hans Jansen of Copenhagen (Fig. 2). By means of a 
feYV very simple signs it is easy to describe accurately and quickly the changes 
in the joints for comparative studies, and once a sketch is completed, the phy- 
sician understands at first glance the actual condition of the patient. 

SUMMARY OF TOTAL RESULTS 

Our experience in gold salt treatment is of six years' duration and deals 
with over 550 cases observed, about 400 at Aix-les-Bains and the remainder at 
Paris in the Cochin Hospital. We shall not give here any statistics as such 
statistics are ordinarily a matter of interpretation and may lead to mistakes, 
but we can state that between 70 and SO per cent of our patients have responded 
favorably to the treatment. Among these, 50 per cent in recent cases and 20 per 
cent to 30 per cent in older cases of above two year's’ duration, have been ap- 
parently cured by 2 to 5 series of injections, and remained so in spite of discon- 
tinuation of any treatment, during the past two or three years. Such figures 
show the importance of early treatment. 

In a general meeting of the “Ligue Francaise contre le Rhumatisme” in 
March, 1933, a discussion was opened on the method, and it was stated by all the 
physicians who have had the most experience in its use (Prof. Rathery, M.M., 
Hagueneau, Coste, Lacapere, Perles) that the results obtained were far better 
t han with any medical method which they had used. 12 Dr. H. Forestier, my 
father, stated that in an experience of forty-three years’ practice, he had not 
seen a single case of rheumatoid arthritis apparently cured during a period of 
several years. But since he had used gold salts, such cases were by no means 
uncommon. 13 

' . GOLD SALTS AND OTHER METHODS OF TREATMENT 

■ . Simultaneous use of gold salts and vaccine does not appear to be recom- 

mended, but alternate series may be of help in difficult cases. The use of 
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endocrine treatment as a complement, especially in middle-aged women, when 
thyroid and follicular extract may help the action of gold salts. The benefits 
of the different forms of physical treatment, which, in many countries, has been 
the only method applied to arthritic patients, are greatly improved by its com- 
bination with gold salt injections. All physicians of experience know that 
some forms of physiotherapy are deleterious to patients when applied at the 
acute stages of the disease. Once gold salts have cheeked such inflammatory 
evolution, these methods of treatment become possible and yield considerable 
benefit. Even orthopedic measures may be rendered possible by means of gold 
salt injections. 

In fifteen very chronic eases of rheumatoid arthritis which had come to the 
stage of irreductible fibrous ankylosis of one or several joints: knees, hips, 
elbows; we have been able to reduce such bad positions by stretching the limbs 
under general anesthesia. Thanks to the preparatory treatment of gold in- 
jections, no inflammatory reactions have appeared as a result of this rather 
drastic procedure. Passive and active mobilization could be applied at once, 
reeducation in the thermal swimming pool at Aix-les-Bains, followed immedi- 
ately; and we were glad enough to put on their feet after three, five, or even 
seven years, patients who would have remained bedridden for life. 14 

INTERPRETATION* OF RESULTS 

At the beginning of this article, we have stated that the use of gold salts 
in arthritis was the result of a conception of the latter disease being for the 
greatest part under the action of an infectious factor. We did not start our 
experience with the view that tuberculosis was a prominent factor in the 
etiology of rheumatoid arthritis; but in the past five years our belief has grown 
that such a factor has to be seriously considered in a certain proportion of cases. 
In addition to the clinical arguments presented thirty years ago by Poncet and 
Leriche, in their description of the “JRhumatismc Tuberculeanx, ” some bac- 
teriologie data have been collected in France in the past decade. With our eo- 
workers 13 we have found two positive inoculations, and four dubious, with either 
blood, synovial fluid, or biopsy material collected from 21 patients showing the 
picture of general atrophic arthritis. These results point out the necessity of 
further research in this line. But even if the proof of the metastasis of Koch 
bacillus in joints is not given in atrophic arthritis, tuberculosis may act by 
bringing about joint allergy; and the combined influence of tuberculous allergy 
in the joints, could be the predisposing factor which initiates other infective 
germs (streptococcus) to fix themselves in the joints. 

But gold salts have, in fact, no specific value against tuberculosis they 
have been used with more or less success in various chronic infectious diseases 
They scorn specific of a certain type of tissue change which is called exudate in 
the lung, and proliferation m arthritis. Feldt has expressed the view that the 
action of gold salts could he ascribed to stimulation of the reticuloendothelial 
system. 
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CONCLUSION 

Six years’ experience has demonstrated the action of gold salts on the 
evolution of chronic atrophic (rheumatoid) arthritis. Such treatment should 
be canned in selected cases over a long period by repeated series of injections, 
under strict medical supervision, with frequent blood controls, and in conjunction 
with an intelligent management of the general condition of the patients. 
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TRANSDUODENAL TREATMENT OF TAENIA SAGINATA 

INFESTATION* 


Meyer Golob, M.D., New York, N. Y. 


T REPORT this case of taenia infestation not because of its interest per se, 
* but for the importance it assumes in illustrating the new mode of therapy 
available to the general practitioner in such cases. One is natui*ally loath to 
publish conclusions drawn from a single case. But as I recall the spectacular re- 
covery of the endoparasite, absolutely intact, during a single treatment, the 
delight of the patient in her quick relief — a vivid picture of becoming satisfaction 
as she views with amazement the erstwhile tenant to whom she played unwilling 
host; and as I contrast this with the unhappy history of our experience with 
conservative textbook methods — the repeated failures, prolonged infestations, 
marked anemias, and intensified general debility of the patient, then I am im- 
pelled to thrust aside such hesitancy. There is no room in my mind for the 
slightest doubt that here the old — the oral method — must give way to the new 
transduodenal treatment. 

To Gunn 1 the treatment of saginata by the oral method has proved anything 
but satisfactory. Judging from the prolonged duration of the infestation in a 
number of his cases, one can hardly conclude otherwise. He remarks, rather 
quaintly, that on several occasions the medication produced such illness as to 
lead the patient to inquire if it would not be advisable to make a will ! But of 
the tube treatment this author states “the results of this treatment are most 
gratifying to the patient as well as the physician/’ 

Schneider 2 reports a series of 87 eases of tape infestation treated via the 
duodenal tube, with 62 cures. Gunn reports 12 cases with the tube method, all 
successful, but ascribes the failure to recover the head of parasite in two of his 
cases to nonobservance of detail. It is quite true that the preparatory approach 
is of paramount importance in obtaining the best results. 


CASE REPORT 

Female, aged twenty-eight, single. The symptomatology was of two years’ duration, 
and was marked chiefly by a pronounced fatigue, "a very good appetite,” and loss of 
weight with obvious stigmas of asthenia. Altogether she presented a picture of a sickly 
human being “disgusted with doctors.” On each of several occasions when she received a 
vermifuge, there followed a passage of segments, the symptomatology persisting The 
physical findings were negative, except for marked rings around the eyes and a facial’ pallor 
Laboratory Data: Blood cytology; hemoglobin 76 per cent f < 9 , 7 . 1 ; v . 

•1,610,000 ; and leucocytes 15,000. Differential Count: Polynuclears 48 per cent 7 7 * 0eyte3 
lipm-cent, monocytes 3 per cent, eosinophilcs 6 per cent, and basophiles 1 per’ Smear 
•Received for publication, September 2S, 1034 
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Study: Few pule red cells, lew poikiloeytes, occasional polychromatic erythrocytes. Eight 
days following' treatment blood cytology revealed a normal white count (8,700) and no 
eosinophiles. 

Feces: A few segments and very many ova of Taenia sayinat «. 

Directions to the Patient Preparatory la Treatment . — 

1. For two days take soft food and the third day, liijuid only. 

2. The bowels should be well moved by a laxative each evening. 

3. Unless the bowels have moved freely take an enema. 

4. Come to the office without breakfast. You may have a cup of black coffee on the 
morning of treatment. 

The emulsion consists of the folloirin;/ intjruVu nts; 


Olei Aspidii S gm. 

Mucilage Acacia 30 c.c. 

Aqua 30 c.c. 

MgSO, Sat. Sol. 30 c.c. 


The mixture should he kept at body temperature. The added MgSO, to the solution is 
important to assure early catharsis, which in turn means less chance for absorption of the 
vermifuge. 

Record of the Procxlurt and Rt marl's — 

0:00 a.m. Levin tube swallowed. 

0 :5a Bile recovered, reaction alkaline. 

10:00 Patient fluoroscoped. Although the bile was alkaline in reaction and the conventional 
tests showed a successful egress of the tube from the stomach into the duodenum, 
under fluoroscopic screen the distal portion of the tube was curved on itself, with its 
tip near the pylorus. With gentle pulling on the proximal part of tube, the other 
end straightened. Injection of the tnenifuge at this time might have proved grossly 
disadvantageous, for the instilled emulsion of aspidum would have immediately re- 
gurgitated into the stomach. 

10:35 Bile recovered was alkaline in reaction. Fluoroscopy disclosed the tip of the tube in the 
second portion of the duodenum, whereupon half the amount of the emulsion was slowly 
injected. The patient was perfectly calm and slept lightly. A syringeful of hot water 
was injected to increase the probability that the parasite would be swept out, intact. 
11 :0o The remainder of the emulsion was injected. Ten minutes Inter the amount instilled 
was vomited. Vomitus saved. The duodenal tube was practically expelled and re- 
intubated, The stomach tens washed out until the relurnc-d washings were clear and 
free from traces of the green emulsion. The tube was then fed to the patient until 
all tests verified the tube to be in the right position — in the second portion of the 
duodenum and to the right of the spinal column. Yomitus was kept warm and re- 
injected followed by 30 c.e. of a 33 per cent solution of magnesium sulphate. 

11:10 Purgation began. Tube left in situ. The parasite intact, with head no larger than 
the head of a pin, was expelled. Tube removed. 

11:30 Another bowel evacuation consisted of a brownish colored fluid. Patient felt com- 
fortable and much relieved from the nausea that followed the vomiting. She stayed 
free from any of the toxic effects of drug absorption and displayed a marked joyful 
reaction, taking great interest in the examination of her endoparasite. 

Hote: To prevent gagging before injection of the taenifuge and immediately there- 
after it is important to clear the stomach of its mucus. This is especially desirable in the 
individual who salivates excessively. If purgation is delayed, it is important to leave the tube 
in position to permit the instillation of considerable quantities of hot water to hasten the 
purgative action and increase the likelihood of sweeping the parasite out in its entirety. 
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Notwithstanding ail the precautions taken in this case, gagging and vomiting 
occurred. It therefore appears advisable to have extra medication should such 
accidents occur. Evidence of adequate preparation, as well as of cooperation on 
the part of the patient, is adduced from the fact that the discharge from the 
bowel consisted of only brownish colored water and the tape in its entirety. 

The transdnodenal expulsion of a parasite requires a smaller dose of a toxic 


drug, as the action on the parasite is direct. There is less chance for toxic ab- 
sorption and the tape is usually expelled intact. Hospitalization is preferable 
but not necessary. With good care, the treatment may be given at an office 
equipped with a fluoroscopc. The immediate proof of effective therapy is the 
exhibition of the head of the undo parasite in the expelled material. 
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WEIGHT REDUCTION WITH HIGH PROTEIN DIETS® 


Leo K. Campbell, M.D., Chicago, III. 


TARRING these days of fads in reducing diets, many of which contain insuf- 
fieient protein to maintain nitrogen equilibrium, physiologic accidents are 
not uncommon. A diet containing lower quantities of protein than that required 
to replace protein catabolism tends toward a lowered resistance, infections, de- 
generative lesions in vital tissues, and a fall in blood pressure. The study out- 
lined in this paper makes use of diets which afford much more protein than is re- 
quired for maintenance. 

Procedure: The patients used in this study were from fourteen to sixty- 
seven years of age, and weighed from 133 pounds (60.0 kg.) to 317 pounds (143 
kg.). The most obese patient was 185 pounds overweight and the nearest normal 
was 9 pounds overweight. All had normal basal metabolic rates with four ex- 
ceptions, those being +13 per cent, -13 per cent, -17 per cent, and +20 per cent 
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Table III 


PATIENT 

AGE 

SEX 

INITIAL 

weigh r 

POUNDS 


DIET 

DIKATION 

UP PERIOD 

OP 

OPSKKVATION 

IJASAL 

MET- 

A POLIO 

KATE 

AVEKAGE 

WEEKLY 

WEIGHT 

LOSS 

(POUNDS) 

p. it. 

33 

F 

197 

Giro 

00 

14 weeks 

- L 107r 

1.2 




( SS.ti kg.) 

p 

- 121 








F 

- SO 








t':il 

- 1310 




A. P. 

IS 

F 

mi 

ClIO 

01 

1 1 weeks 

4 137* 

1.1 




( S3.9 kg.) 

P 

- .1 13 








F 

- 78 








Cal 

- 1418 




11. G. 

2‘l 

F 

ISA 

1*110 

- ,“>N 

S \wvks 

, (if! 

2.1 




( S3.2 kg.) 

P 

- 123 








F 

87 








Ciil 

- 1301 




K. F. 

:»s 

F 

249 

Clio 

40 

13 weeks 

! (>'! 

1.9 




(112.0 kg.) 

p 

- 100 








F 

77 








Cat 

- 1323 




It. W. 

27 

F 

1st 

CIIO 

(i 1 

10 weeks 

-41',* 

1.8 




( 84.1 kg.) 

P 

- l ie 








F 

- 72 








Cal 

- G'.Ol 




( ’. \\\ 

.14 

F 

200 

CIIO 

0} 

10 wtvks 

- 2',; 

1.9 




( !>o.o kg. ) 

P 

- 1 ID 








< 'al 

- 1304 




G. C. 

.'IS 

F 

17;: 

CIIO 

.is 

0 weeks 

4 477 

2..'* 




1 77. S kg.) 

p 

- 123 








F 

- 97 








Cal 

- 1003 




E. C. 

20 

F 

1!CJ 

CIIO 

01 

1 1 weeks 

-SI 7* 

2.o 




( 80.8 kg.) 

P 

- 100 








F 

— 7 .> 








Cal 

- 1355 




AI. Jj. 

38 

F 

183 

( no 

- 00 

12 \vi*t‘ks 

-4171 

1.8 




( 83.2 kg.) 

I’ 

- 124 








F 

- SO 








Cal 

- 1510 





None of these patients had demonstrable elinieal evidence of pituitary or ovarian 
disease, and other than the four above mentioned exceptions there was no evi- 
dence of thyroid disease. All were of the common type of obesity; viz. that due 
to eating diets containing more calories than the daily caloric expenditure. 
There were twenty-seven patients in the group, twenty -one women and six men; 
one school-teacher, ten housewives, one nurse, two schoolgirls, two executives 
of manufacturing companies, two maids, one cashier, one clerk, two social work- 
ers, one traveling salesman, one librarian, one retired professor, one tailor, and 
one was unemployed. Each patient was either hospitalized or studied in the 
out-patient department for a period of ten days during each month, and during 
the initial study given a thorough training in quantitative dietetics. The diets 
provided 2 gm. of protein per kilogram normal body weight, a caloric value of 
from 20 per cent above to 39 per cent below basal maintenance, and fulfilled all 
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Table IV 


PA- 

TIENT 

ACiE 

HEX 

INITIAL 

WEIGHT 

l’OUXDS 

DIET 

DURATION 

OK PERIOD OP 
OIl.SKRV.mOX 

AVERAGE AVEKKLY 
WEIGHT LOSS 
(POUNDS) 

G. K. 

42 

M 

313 

(142.(3 kg.) 

Cl to - 50 

P - 125 

F - SO 

Cal - 1510 

6 weeks 

6.0 

J.B. 

SCI 

M 

227 

(102.1 kg.) 

CllO - 60 

P - 124 

p - SO 

Oil - 1310 

S weeks 

3.0 

P. F. G. 

•13 

M 

217 

( 117.(3 kg.) 

CllO - 60 

I> - 124 

F - 86 

Cal - 1510 

4 weeks 

5.0 

B. S. 

51 

V 

167 

( 75.1 kg.) 

CIIO -- 60 

p - 100 

F - 73 

Cal - 12SS 

6 weeks 

2.5 

X. S. 

47 

V 

260 

(121.0 kg.) 

CIIO - 43 

P - 160 

F - 7S 

Cal - 1274 

4 weeks 

3.2 

15. B. S. 

31 

n 

105 

( 87.7 kg.) 

CIIO - 60 

P - 124 

F - 86 

Cal - 1510 

6 weeks 

5.0 

R.L. 

43 

V 

250 

(113.S kg.) 

CHO - 60 

P - 132 

F - 06 

Cal - 1506 

7 weeks 

2.2 

ir.c. 

2.0 

F 

135 

( 60.7 kg.) 

CHO - 62 

P - 106 

F - 76 

Cal - 1356 

6 weeks 

2.0 


requirements for normal metabolism in amino acids, salts, and vitamins. Pour 
hundred grams of skimmed milk were incorporated in the diets of growing chil- 
dren. A sample diet containing 1,510 calories is shown in Table I. 


During the period of hospitalization or study in the out-patient department 
the kidney function was observed by quantitative urinalysis, total nitrogen de- 
terminations on the urine by the Kjeldahl method, the phenolsulpbonephthalein 
test, and the nonprotein nitrogen content of the blood. The blood pressure was 
recorded daily and the urine volume checked by total creatinine determinations 
usiug the pieramic acid method. Respiratory data were collected on patient L H 
Upon discharge after the period of study, each patient was instructed to return 
to his normal activities. Some, of course, took more exercise than others, but 
that was left entirely to the patient. 

Calorimetry: The caloric expenditure measured by indirect calorimetry 
was determined on patient T, II. while on the high protein diet used for the 
weight reduction and also on an isocloric diet, of minimum protein requirements 
but high m carbohydrate. 
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Table V A 

Calorimetry on High Protein Piet 


HOUR 

DIET 

CALORIES 

R. Q. 

URINARY 

URINARY 



l'Kll HOUR 

NITROGEN 

CREATININE 

p.m, 

5:30 

CHO - 20 

P - 70 

F - 42 
Cal - 738 





6:00 


71.6 

0.79 



7:00 


66.1 

0.77 



S-.00 


69.8 

0.76 



9:00 


70.9 

0.79 



10:00 


71.7 

0.7D 



11:00 


66.0 

0.76 



12:00 


69.S 

0.83 

2.8 

0.33 

A.M. 

1:00 


64.6 

0.78 



2:00 


55.1 

0.76 



3:00 


48.3 

0.79 



4:00 


62.4 

0.83 



5:00 


59.5 

0.77 



6:00 


60.2 

o.so 

5.0 

0.42 

7:00 


62.3 

0.7S 



7:30 

CHO - 20 

P - 15 

P - 17 
Cal - 293 





8:00 


70.2 

0.76 



9:00 


66.0 

0.81 



10:00 


66.0 

O.SO 



11:00 

11:30 

CHO - 20 

P - 23 

P - 16 
Cal - 316 

63.2 

0.79 



NOON 

12:00 


63.1 

0.75 

5.3 

0.42 

1:00 


62.1 

0.7S 



2:00 


65.9 

0.79 



3:00 


67.3 

0.83 



4:00 


64.2 

0.76 



5:00 


64.9 

0.79 



6:00 




3.S 

0.41 

Totals: 

CHO - 60 

P - 108 

F - 75 

Cal - 1347 

1551.2 


17.5 

1.58 


The caloric expenditure was 96 calories or 7 per cent more on the high 
protein diet than it was on the high carbohydrate diet. This increase in metab- 
olism was probably due to the specific dynamic action of the protein. 

SUMMARY 

The weight of twenty-seven individuals having nonpathologic obesity was 
reduced during a period of from four to fifty weeks at an average rate of 1.2 to 
6 pounds per week. The diets were of the high protein type containing approxi- 
mately 2 grams of protein per kilogram ideal body weight. The caloric value of 
the diets was from 20 per cent above to 39 per cent below basal maintenance. 
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However most of the diets afforded a calorie value of about 20 per cent below 

baSal T^patotTmaintained excellent health, continued all of their normal 
activities, and, of course, had increased energy as the weight loss progressed. 
The large amount of lean meat and vegetables prevented the hunger of which 


Table V B 

Calorimetry ox High Carbohydrate Diet 


HOUR 

diet 

P.M. 

5:30 

CHO - 81 
P - 24 

F - 21 
Cal - 009 

6:00 

7:00 

8:00 

9:00 

10:00 

11:00 

12:00 


A.M. 



calories 
per hour 


1:00 

2:00 

3:00 

4:00 

5:00 

6:00 

7:00 

7:30 


8:00 

9:00 

10:00 

11:00 

11:30 


12:00 

P.M. 

I :00 
2:00 
3:00 
4:00 
5:00 
6:00 


CHO - 62 
P - 0 

F - 12 
Cal - 380 


CHO - 51 
P - 8 

F - 12 
Cal - 344 


Totals: 


68.5 

62.3 

64.5 

61.6 

63.0 

63.7 

56.7 

58.1 

57.4 

57.2 

54.3 

55.5 

58.6 
58.0 


72.3 

65.7 

60.0 

57.5 


67.8 

62.2 

63.0 
61.4 
58.2 

48.1 


CHO - 194 
p - 38 

F - 45 

Cal - 1333 


1455.6 


R.Q. 


0.87 

0.90 

0.89 

0.84 

0.84 

0.76 

0.80 

0.84 

0.84 

0.84 

0.81 

0.79 

0.88 

0.85 


0.93 

0.95 

0.84 

0.79 


0.85 

0.76 

0.83 

0.82 

0.80 

0.81 


URINARY 

NITROGEN 


2.1 


1.2 


1.9 


1.6 


6.8 


URINARY 

CREATININE 


0.29 


0.06 


0.29 


0.13 

0.77 


most individuals complain during weight reduction on low protein diets. There 
were no changes in the kidney function or blood pressure during any period of 
the observation. Nitrogen balance was maintained at all times. The caloric 
expenditure afforded by the high protein diet in the case of L. H. was 7 per cent 
above that of an isocaloric high carbohydrate diet. 



THE CONCENTRATION OF 1XDOXYL COMPOUNDS (LX DLL' AX) 


IX BLOOD 4 * 


Heilman Shaklit, Yl.D., Xew York, X. Y. 


r T 'HE recent presentation by me 1 of a method for tile quantitative estima- 
* tioii of indoxyl compounds (indican) in normal blood, on tile use of rea- 
sonably small quantities thereof (2 e.c. plasma), opens anon* the opportunity 
to study the clinical significance of varying concentrations of this heterocyclic 
nitrogen compound in human blood. Heretofore two technical difficulties 
prevented proper clinical studies of indican in blood; (1) the inability to 
measure the substance in small quantities of apparently normal blood and (2) 
the difficulty of securing pure indican for use as a standard for a satisfactory 
quantitative determination of indoxyl compounds. A more sensitive chromo- 
genie reaction for indoxyl overcame the former; and the introduction of color 
filter colorimetry made cobalt sulphate solution a satisfactory color standard 
and so circumvented the latter difficulty. 

A similar technic of mine- for the estimation of indican in urine, lias dis- 
closed daily excretions well in excess of what has been revealed by earlier 
methods; based on the Obermeier reaction, 11 mg. per day; on the use of 
Jolles’ reaction, a maximum of 40 mg. and with this latter figure as a mini- 
mum, to even 300 mg. a day. as revealed by this newer method. 

METHOD FOR THE DETERMINATION OF INDOXYL. COMPOUNDS IN BLOOD 

The estimations are made on blood plasma, potassium oxalate or sodium citrate being 
used as an anticoagulant in the collection of the blood. 

Reagent A: Protein coagulant, made by adding to each 25 gm. of trichloroacetic acid 
100 c.c. of distilled water. 

Reagent B: One per cent potassium persulphate in distilled water. 

Reagent C: One per cent thymol in U5 per cent ethyl alcohol. 

Reagent D : Acid reagent, made by adding to each 12.5 gm. of trichloroacetic acid 
100 c.c. of concentrated hydrochloric acid (C.P.). 

Reagent E: Glacial acetic acid. 

Procedure: Place 2 c.c. of blood plasma in a test tube and dilute to 3 c.c. with distilled 
water. Add from a buret 5 c.c. of Reagent A after the following manner: three successive 
additions of 5 drops, each addition followed by vigorous stirring with a glass rod for fifteen 
seconds. This detail is most essential. It effects a fine and quite complete protein precipita- 
tion, resulting in a satisfactorily clear filtrate and maximum adsorption of the acid by the 
protein particles. The balance of Reagent A is added in two approximately equal portions with 
stirring after each. The tube is then centrifuged at moderately high speed for fen minutes. 
The filtrate is then delivered, through a 5.5 cm. quantitative filter paper, into a 15 c.c. centri- 
fuge test tube graduated in 0.1 c.c. 

•From the Chemical Laboratory of Betli Israel Hospital. 
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To <j c.c. of the filtrate arc added successively 5 drops of Reagent B, 0.5 c.c. of Reagent 
C, and 5 c.c. of Reagent D. The tube is then momentarily corked and inverted and then allowed 
to stand at room temperature for a minimum of fifty minutes. Within five minutes aftei 
the last reagent is added, a dense white cloud forms in the mixture (ethyl trichloroacetate) . 
In about fifteen minutes or sooner, if approximately 0.015 mg. of indican is present in the 
mixture, this cloud takes on an unmistakable purple tinge. When this occurs, it is necessary 
to resort to the use of the boiling water-bath completely to release all the indoxyl for a 
quantitative production of the pigment condensate (indoxyl-thymol compound). In this 
event, the tube is at any convenient time placed in a boiling water-bath and kept there for 
twelve minutes. If no distinct purple color develops within fifteen minutes, heating is un- 
necessary. 

At the end of the fifty minutes at roeni temperature, or after the use of the water-bath, 
when needed, the tube is centrifuged at high speed for ten minutes, completely to throw 
down the ethyl trichloroacetate and the indoxyl-thymol compound contained therein. The 
volume of the ester formed is approximately 0.25 c.c. with the determination carried out at 
room temperature and about 0.6 c.c. when the water-bath is used. The supernatant fluid 
is then pipetted off, leaving a maximum of 0.3 e.c. of overlying watery acid, mixture. This 
mixture of acetate and acid water is diluted to exactly 2 e.c. with Reagent E delivered from a 
biuet. On stirring, a perfectly transparent colored solution results. Occasionally a fine 
white film is noted on the surface of the acetate but this too dissolves in Reagent E. The 
solution is now ready for reading in a mieroeolorimeter, through a green filter (Wrattan No. 
74) inserted in the eyepiece, as described for tiie urine method. For a standard a 0.75 per 
cent solution of CoSO,.7ILO (Merck, C.P.) is used. 

The method of calculation for blood indican is: 


Mg. indican per 100 c.c. blood plasma 


0.0043 x reading of standard (mm.) 
reading of unknown (mm.) 


x 


100 

1.5 


— 0.123 


METHOD FOR THE DETERMINATION OF INDOXYL COMPOUNDS IN URINE 


Reagent A: One per cent potassium persulphate in distilled water. 

Reagent B: One per cent thymol in 95 per cent ethyl alcohol. 

Reagent C: Acid reagent, made by adding to each 100 gm. of trichloroacetic acid 
200 c.c. of water and 200 c.c. of concentrated hydrochloric acid. 

Reagent D: Glacial acetic acid. 


Procedure: Place 5 c.c. of urine in a volumetric flask and dilute to 100 e.c. with dis- 
tilled water. To 2 e.c. of this dilution in a 15 e.c. centrifuge tube (graduated in 0.1 c.c ) 
are added 5 drops of Reagent A, 0.5 e.c. of Reagent B, and 5 c.c. of Reagent C. Before the 
addition of the acid reagent, the mixture is shaken for a second or two. The tube is im- 
mediately placed in a boiling water-batli and kept at that temperature for approximately five 
minutes. Before placing the tube in the water-bath, the mixture is slightly cloudy; it quickly 
clears at the temperature of the water-bath, soon followed by the formation of a second 
and more intense cloud. This is due to the formation of ethyl trichloroacetate which soon 
begins to settle to the bottom of the tube, carrying down with it a purple pigment (the 
indoxyl-thymol compound). The tube afeer removal from the water-bath is allowed to stand 
until it cools (about fifteen minutes), when all of the pigment-laden acetate has settled to* the 
bottom of the tube, giving an acetate volume of approximately 0.5 c.c. The sune 
watery acid layer is then carefully removed with a pipette, leaving about 0 3 cc of watery 
layer above the colored acetate. This mixture (approximately 0.8 c.c.) of acetate and -w-m 
water is diluted to exactly 2 e.c. with glacial acetic acid, delivered from a buret The mixture 
is stirred with a glass rod until it clears, giving a perfectly transparent, cololl solution 
This transparency is always achieved if in pipetting, care is taken never to leave more than 
0.3 c.c. of watery layer as overlying residue. The colored solution is now ready to be read 
The reading is done in the oi dinary comparison colorimeter with ‘ * 

appropriate plungers. In the eyepiece of the instrument is placed a g ree n filter (WraUan, 7o. 
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Table I 


Blood Indicans in Nonselected Houittalized Cases 


CASE 

MG. % 
NOXPJiOTEIN 

nitrogen 

MG. c /c 
IXWCAX 

DIAGNOSIS 

1 


0.008* 

Cerebellar vascular lesion; neurosis 

2 

- 

0.040 

Carcinoma of rectum 

3 


0.13S 

Secondary anemia 

•i 

150 

1.277 

Prostatic hypertrophy (died) 

5 

120 

5.S77 

Prostatic hypertrophy 

(3 

35 

0.103 

Penal calculus 

7 

- 

0.040 

Hypertension 

s 

20 

0.0S7 

Pneumonia 

9 

37 

— 

Hemiplegia 

10 

33 

— 

Brain tumor 

11 

- 

0.08S 

Pneumonia 

12 

33 

— 

Acute cholecystitis 

13 

30 

— 

Psychoneurosis; chronic efhmoiditis 

11 

20 

0.100 

Duodenal ulcer 

13 

54 

0.329 

Hephritis 

16 

40 

0.068 

Duodenal ulcer 

17 

37 

0.073 

Diabetes 

IS 

30 

0.000 

Cardiac disease 

19 

37 

0.044 

Bronchopneumonia 

20 

54 

0.057 

Glomerular nephritis, with nephrotic 
manifestations 

21 

30 

0.259 

Pleurisy 

22 

29 

0.073 

Pneumonia 

23 

120 

4.457 

Prostatic hypertrophy 

21 

27 

0.354 

Hyperthyroidism 

25 

- 

0.003 

Graves’ disease 

26 

25 

0.155 

Acute rheumatic fever 

27 

30 

0.155 

Nephritis and mastoiditis 

2S 

30 

0.130 

Diabetes 

29 

43 

0.130 

Subacute glomerular nephritis 

30 

27 

0.044 

Coronary thrombosis 

31 

150 

1.555 

Bladder stone 

32 

50 

0.3S4 

Nephritis 

33 

40 

0.270 

Prostatic hypertrophy 

31 

00 

0.207 

Admitted for iridectomy 

35 

32 

0.172 

Auricular fibrillation 

36 

— 

0.303 

Cerebral embolism 

37 

37 

0.171 

Glaucoma 

38 

75 

0.150 

Nephritis 

39 

So 

2.050 

Cardiorenal disease 

10 

— 

0.204 

Renal calculus 

11 

54 

0.143 

Prostatic hypertrophy 

12 

40 

0.016 

Prostatic hypertrophy 

43 

40 

0.103 

Nephritis and ectopic pregnancy 

11 

85 

0.450 

Bladder stone 

45 

— 

0.171 

Umbilical hernia 

16 

35 

0.122 

Prostatic hypertrophy 

'47 

30 

0.020 

Coronary disease 

48 


O.OS5 

Diabetes 

49 


0.043 

Inguinal hernia 

50 

33 

0.213 

Appendiceal abscess 

51 

54 

0.106 

Nephrectomy (calculus) 

52 

37 

0.0S1 

Hypertension, heart disease 

53 

100 

0.524 

Prostatic hypertrophy 

54 

35 

0.259 

Premia 

55 

30 

0.024 

Psychoneurosis 

56 

57 

58 

59 

30 

0.030 

Carcinoma of colon 

40 

0.0S7 

Diabetes 


0.050 

Diabetes 

35 

0.293 

Prostatic hypertrophy 
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indoxyl and conjugation with a mineral acid, to the potassium salt of indoxyl 
sulphuric acid (indican). While a complete explanation of the synthesis of 
indican, this is but a meager and partial story of the metabolism of indole; 
this latter, however, does not concern us in this presentation. The point is 
that such indican as is formed from available indole is rapidly excreted by 
way of the kidney ; and that under the conditions usually applied in taking 
blood samples for clinical studies (fasting stomach; sixteen hours after last 
meal) the indican concentration in normal blood approaches zero as a limit. 
It would thus appear that the interpretation of increased concentrations of 
blood indican would require emphasis on the failure of the kidneys to excrete 
rather than on the probability of excessive indican formation. To what extent 
this point of view is correct or how it must be modified in the light of more 
knowledge, awaits further study. Below are given indican estimations on the 
bloods of one hundred nonselected hospitalized patients, together with simul- 
taneous estimations of the total nonprotein nitrogen in the blood of many 
of them. 

There is no need to refer specifically to such publications as have demon- 
strated markedly increased concentrations of indican in the bloods of persons 
having nitrogen retention. Such findings were to he expected. What is to be 
stressed is study of the significance of small increments in concentration above 
the normal. And what is particularly to be noted in Table I is the extreme 
degree of retention that may be achieved, over 100 times the normal,* which 
greatly exceeds the range of variation in other known metabolites. Further- 
more, indican appears to be retained very early in hospitalized eases, only 33 
per cent of this series of 100 nonselected cases showing normal figures. These 
facts suggest that further knowledge on the extent and circumstances of in- 
diean retention may provide a valuable diagnostic and therapeutic tool. 

REFERENCES 

1. Sharlit: A Method for the Quantitative Estimation of Indoxvl Compounds in Blood, J. 

Biol. Chen). 104: 115. 1934. 

2. Sharlit: A Method for the Quantitative Estimation of Indoxyl Compounds in Urine, J. 

Biol. Chem. 99: 537, 1933. 

3. Unpublished date of writer. 


*tn view of sucli high concentration of indican in uremia, it is possible to make an 
nwnrak measurement on a single drop of blood of such persons. And where, for purposes of 
different ial'^Hacnosis (coma, for example), a rapid and convenient test Proredure js looked for. 
a single drop of blood taken from the finger may in fifteen minutes reveal tin. indications or a 
uremic blood picture. 



URINARY SULPHUR IN CHRONIC NONSPECIFIC ARTHRITIS* 


Ben D. Senturia, M.D., St. Louis, Mo. 


A S EARLY as 1904, Goldtlnvait and his collaborators, 1 examining the metab- 
i olism of patients with chronic nonspecific arthritis, reported a definite loss 
of sulphur in two with atrophic (rheumatoid) arthritis and a pronounced sulphur 
retention in one with hypertrophic arthritis (osteoarthritis) . Gawadias- claims 
“that the most constant metabolic disturbance met with in chronic rheumatics 
. . . is a negative sulphur balance indicating increased sulphur catabolism.” 
He bases this conclusion on the finding of an increase in the total sulphur with 
a consequent decrease in the nitrogen-sulphur ratio in the urine of patients 
having either atrophic or hypertrophic arthritis. He also reports an increase 
in the urinary ethereal sulphates and neutral sulphur in a significant number of 
patients with chronic arthritis. Race, 3 on the other hand, denied the existence 
of a negative sulphur balance in these patients, but corroborated the occurrence 
in the urine of an increase in the neutral sulphur fraction of 20 patients in a 
series of 42 with rheumatoid arthritis. In view of recent reports *’ 5i 7 concern- 
ing the use of colloidal sulphur parenterally administered as an adjunct in the 
treatment of chronic arthritis, and in view of the conflicting results of the fore- 
mentioned investigators and of the paucity of well controlled experimental data, 
we deemed it of sufficient interest to examine in adequately controlled experi- 
ments the alleged difference between health y individuals and arthritic patients 
in regard to the partition of sulphur and the nitrogen-sulphur ratio in urine. 


Our work comprised the determination of the sulphur content and its parti- 
tion ; namely, inorganic sulphates, ethereal, or conjugated sulphates and neutral, 
or unoxidized sulphur, in the twenty-four-hour quantities of urine of 18 patients 
with atrophic arthritis, of 41 with hypex-tx-ophic arthritis for comparison with 
the findings in those of 20 healthy individuals who corresponded closely to the 
pathologic cases both as to sex and age. Total urinary nitrogen was also deter- 
mined for the purpose of observing the ratio of total nitrogen to total sulphur. 
All subjects were permitted to follow their customary dietary regime. In addi- 
tion, we also hospitalized three patients with atrophic arthritis and three with 
hypertrophic arthritis and kept them for several days on a diet of known com- 
position (Sherman’s tables were used). It must be stressed that the collection 
of twenty-four-hour urine specimens without loss is a more difficult task than 
many experimenters realize. As a check we found it imperative to determine the 
creatinine on every specimen and to use for our purpose only specimens that 
were fu ll twenty-four-hour collections beyond doubt, 8 since the analytical results 
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of fractions are worthless. The total nitrogen was determined by the micro- 
Kjeldalil teelmie; the total sulphur, inorganic sulphates and total sulphates by 
the Fiske benzidine method. 3 

Before discussing the results of our experiments, a brief consideration of 
the nature of sulphur metabolism may be in order. The total amount of sulphur 
in the urine depends on the amount and type of protein ingested and catabolized. 
According to Ivahn and Goodridge 10 the sulphur content of proteins which occur 
in food varies between 0.3 and 2.2 per cent, with the consequence that the amount 
of sulphur eliminated in the urine as well as its ratio to the amount of nitrogen 
excreted may show wide variations, even if the amounts of nitrogen ingested and 
eliminated are quite similar. The total sulphur in the urine is distributed among 
three main groups of compounds; namely, inorganic sulphates, ethereal sulphates 
and neutral sulphur. Lewis 11 states that “the inorganic sulphate parallels the 
urea excretion and any factor that influences protein metabolism and elimina- 
tion of urea will affect the excretion of inorganic sulphate.” The ethereal 
sulphates are considered 13 in the main to be formed by the detoxification (con- 
jugation with sulphuric acid) of indol and phenol derivatives produced by putre- 
factive bacteria in the intestines, a second part to be of endogenous origin 11 and 
a third to be derived from certain types of protein consumed. 12 The neutral 
sulphur consists of a heterogeneous group of unoxidized compounds considered 
to be mainly of endogenous origin, and, therefore, independent of the total 
amount of sulphur eliminated or of protein catabolized. 12 Folin 12 concluded that 
the distribution of the total sulphur in the mine among its three chief normal con- 
stituents depends on the absolute amount of total sulphur present. “With the 
reduction of the total nitrogen and total sulphur in the urine, we find a smaller 
percentage represented as inorganic sulphates and urea, and a relative increase 
in the other representatives of these two elements.” Conversely, with an in- 
crease of the total sulphur in the urine, we find a greater percentage represented 
as inorganic sulphate, and a relative decrease in the ethereal sulphates and 
neutral sulphur. 
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Our experimental results, presented in Tables I, II, and III, are in their 
general trend well in accord with the findings of Folin and Lewis. For the sake 
of economy in space, we do not include in Tables I, II, and III the complete 
series but only representative examples of the eases observed. In Tables IV and 
V, however, the average values were derived from the total number of subjects 
studied. 

In all three groups of our subjects considerable variations are evident in 
the quantities of sulphur, both total and its divisions, and of total nitrogen as 
well as in the nitrogen-sulphur ratios. The average values for total sulphur, 
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Representative Examples or the Results in the Group op Patients With Atrophic 

(Rheumatoid) Arthritis 


'/ 

w 

02 


53 

w 

C5 

o 

g 

s 

* 

g ® 

O 53 

H S 

02 

< 

a 

p 

» 

% 

3 )a 
* ® 
g 5 

§ to 

o 

g§ 

w £ 

O K 
o g* 

a £ 

Z 5 

02 

CO 

§ s 

6 B 
a 

° s 
d § 

Z/2 

02 

in 

J' iq 

£ 5 

s s 

W A. 

§S 

W C/2 

03 

02 

< 

5 P 

« P 

H JX, 

p p , 
W P. 

2: wi 

PERCENTAGES 

g 

S 

§ 

W 

« 

o 

i 

Ui 

o 

o 

Eh 

<? 

« 

P 

S» 

s, 

S 3 

s. 

s, 1 

Sj 

F 

45 

5.2 


13.6 


mmE 

rjjjy a| 

72.6 

7.0 

20.4 

1.618 

28.4 

F 

38 

5.8 

0.510 

11.4 

0.399 

0.090 

Epgjj| 

78.2 

17.7 

4.1 

0.790 

19.5 

F 

2S 

0.7 

0.559 

11.9 



BJ5 j 

76.2 


12.9 

0.843 

16.8 

F 

19 

7.4 

0.602 

12.3 

0.424 


rot « 

70.4 

12.8 

16.8 

1.027 

16.9 

F 

20 

8.3 

0.593 

13.9 

0.482 

o.oao 

'EM 


13.3 

6.1 

0.930 

18.3 

F 

50 



14.9 

0.499 




8.5 

11.0 

1.053 

16.2 

F 

30 

Wild 


14.5 

0.562 


W- ^ 

81.3 

9.0 

9.7 

1.092 

16.5 

F 

35 

EHtv 


13.2 




89.5 

■23 

2.9 

1.403 

20.1 

F 

39 

jaa 


mm 





mm 

2.4 

1.433 

14.7 


•The cases are listed on the basis ot increasing- levels of nitrogen excretion. 
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Representative Examples op the Results in the Group op Patients With Hypertrophic 

Arthritis (Osteoarthritis) 
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given in Table IY, are 0.705 gni., 0.736 gm., and 0.933 gm., respectively, for the 
healthy individuals, for the patients with atrophic arthritis and for those with 
hypertrophic arthritis. The inorganic sulphate fraction constitutes 79.7, 81.2, 
and S0.6 per cent of the total sulphur for the three groups of subjects in the 
order listed above; while the rest of the total sulphur is made up of approxi- 
mately equal quantities of ethereal sulphates and of neutral sulphur. These 
results arc in harmony with the views of Fiske regarding the total sulphur 
excretion and its partition of individuals on an ordinary average diet. 13 

While the average figures (Table IV) showing the percentage relationship 
of the three sulphur constituents to total sulphur are much the same for all three 
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Extreme axd Average Values lor Sulphur and Its Partition 
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groups of our subjects, it may be noted that the averages of the absolute amounts 
of total sulphur, and, of course, of its three main constituents in the patients 
with hypertrophic arthritis are considerably higher than those in the rest of 
our subjects. The patients with atrophic arthritis, on the other hand, exhibit 
virtually the same sulphur excretions as the group of normal individuals. The 
high sulphur output in the group of patients with hypertrophic arthritis might 
suggest the conclusion at which Cawadias arrived, that these patients are losing 
sulphur, i.e., are in negative sulphur balance. At this juncture the determina- 
tions of the nitrogen excretion must be applied to ascertain the nitrogen-sulphur 
ratio as an indispensable control before the figures for the absolute sulphur 
excretions can be properly evaluated. As our analyses, summarized in Table V, 
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NO. OF 

TOTAL NITROGEN IN 

24 HOURS f urine 

NITROGEN TO SULPHUR 
RATIO 


CASES 

LOW- 

EST 

HIGH- 
1 EST 

AVER- | 
AGE \ 

LOW- 

EST 

HIGH- 

EST 

AVER- 

AGE 

Normal 

20 

gm. 

5.S 

gm. 

11.8 



: 

17.9 

: 

12.7 

Atrophic arthritis 

IS 

5.2 

15.4 


Id 

14.9 

12.2 

Hypertrophic arthritis 

41 

0.9 ! 

1S.S 

llSai 


16.0 

11.9 




































SKNTUBIA: CUHONIU NONiil'KOmO AimiKITIS 


85D 


clearly reveal those patients who eliminated more sulphur also eliminated more 
nitrogen, i.e., 10.1)0 grn. as the average of nitrogen for the patients with hyper- 
trophic arthritis as compared with the average of S.DS gm. of nitrogen for the 
group of controls; the two values, increased nitrogen and increased sulphur, 
run parallel. This fact indicates that the increment in sulphur output is the 
result of an increased protein metabolism. In other words, the group with hyper- 
trophic arthritis consumed on an average more protein, and most likely more 
food in general than did both the normal subjects and the group with atrophic 
arthritis examined in our experiments. 

In addition, even when considering the average absolute values and the 
range of values for the ethereal sulphates and neutral sulphur fractions (Table 
IV), we find no significant differences between the normal persons and the two 
groups of patients with arthritis. The quantities of these two constituents in 
the patients with atrophic arthritis are virtually identical with those in the 
controls; for ethereal sulphates the figures are 0.073 gm. for the former and 
0.070 gm. for the latter, while for neutral sulphur the values are 0.066 gm. 
and 0.072 gm., respectively. There is, likewise, practically a coincidence between 
the absolute values for neutral sulphur in the patients with hypertrophic arthritis 
and in the normal subjects. The range of values are 0.035 gm. to 0.156 gm. in the 
former and 0.030 gm. to 0.146 gm. in the latter, with average values of 0.085 
gm. and 0.072 gm., respectively. Among the absolute values for the ethereal 
sulphate fraction in the patients with hypertrophic arthritis there are four in- 
stances with readings of 0.159, 0.162, 0.179, and 0.232 gm. which are definitely 
above the highest figure of 0.134 gm. found for the ethereal sulphates in the 
group of controls. Yet, the percentage relationship of ethereal sulphates to total 
sulphur in these four exceptional eases (13.7, 15.3, 19.0, and 19,6 per cent) are 
either within or insignificantly above the highest relative value of 16.9 per cent 
found in the healthy subjects. Consequently, no importance is attached to the 
average absolute value of 0.090 gm. for ethereal sulphates found in the group 
of patients with hypertrophic arthritis as compared with the average absolute 
value of 0.070 gm. found in the healthy class. Furthermore, the relative values 
for these amounts, namely 9.7 per cent and 10.0 per cent, respectively, warrant 
the conclusion that the difference in the average absolute values for the ethereal 
sulphates in the group with hypertrophic arthritis and the healthy group merely 
reflects the difference in their total sulphur excretions. 


Similarly, as pointed out previously, the relationship between the nitrogen 
and sulphur elimination as expressed by the nitrogen-sulphur ratio is practically 
the same in all three groups of our subjects; 12.7 for the group of normal in- 
dividuals, 12.2 for the group with atrophic arthritis and 11.9 for the "roup 
with hypertrophic arthritis (Table V) . The range of values for this ratio of 9 3 
to 17.9 found in our controls corresponds closely with the values of . 13 and 16 
established by Lewis” and that of 9.3 found by von Wendt. 11 Our average 
value of 12.7 practically coincides with that calculated from the total nitrogen 
and total sulphur reported by Folin» in the urine of six “normal” individuals 
flhe average A :S value of 11.9 found in the class with hypertrophic artkrife ! 
not considered to be significantly lower than the average N-S value 1* 7 
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detemiined in the normal subjects. This finding is decidedly contrary to the 
assumption of a negative sulphur balance in these patients. In only one of the 
18 patients with atrophic arthritis and in four of the 41 with hyperarthritis 
were nitrogen-sulphur ratios observed below that of our lowest normal value of 
9.3. The figures for these exceptional cases are 7.4 for the one patient in the 
former group, and 6.9, 6.9, 6.9, and S.2 for the four patients in the latter group. 
We believe it would be too far-fetehed to attribute special significance to such 
a relatively small number of exceptions. 

As a further cheek on the sulphur balance of patients with chronic non- 
specific arthritis, the nitrogen to sulphur ratios in the food were compared with 
those in the urine of three patients with atrophic arthritis and three with hyper- 
trophic arthritis who were hospitalized and whose food intake was accurately 
measured. The nitrogen and sulphur in the stool does not materially affect the 
findings in the urine and can be safely disregarded. 10 The results of this experi- 
ment are shown in Table VI. 


Table VI 

Nitrogen to Sulphur Ratio in Food and Urine 
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In no instance did the nitrogen to sulphur ratio in the urine become less 
than that in the food consumed during the corresponding twenty-four hours, thus 
illustrating that there was no loss of sulphur in either type of patient. The sub- 
jects in this series had not been under sulphur therapy previous to and during 
the experiment. As a matter of fact, our cases show a sulphur retention rather 
than a negative sulphur balance. 


CONCLUSION 

In our studies, the sulphur excretion and sulphur partition in the twenty- 
four-hour quantities of urine of IS patients with atrophic arthritis and 41 with 
hypertrophic arthritis showed no appreciable deviation from those of 20 healthy 
individuals. In only one patient of the 18 with atrophic arthritis and in four 
of the 41 with hypertrophic arthritis were nitrogen to sulphur ratios observed 
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which were below the lowest value found in the normal subjects. On the whole 
our experiments disprove the alleged existence of an abnormal sulphur elimina- 
tion or sulphur partition in the urine of patients with chronic nonspecific 
arthritis. 
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LABORATORY METHODS 


STUDIES IN BAC'TEK IOPII AG E IP 


Methods of Maintaining and Testing the Potencv of Bacteeiodhage 


Helen Zaytzeff-Jern, M.D., and Frank L. Meleney, M.D., New York, N. Y. 


A. INTRODUCTION 

O VER two years ago we began to use bacteriophage in the Surgical Depart- 
ment of the Vanderbilt Clinic in the treatment of staphylococcus infec- 
tions. The bacteriophage used at the beginning was prepared periodically in a 
laboratory having had a long experience in the preparation of phage and was 
sent to us in batches as needed. 

The first two batches were apparently successful in shortening the duration 
of most of the lesions treated, and lysis of the strains in the test tube occurred 
regularly. However, on the arrival of the third batch the results suddenly be- 
came poor, and simultaneously the phage failed with many strains to produce 
complete lysis in the test tube. When we reported this it was said that in some 
way or other this phage must have lost its potency during the final heating 
process (60° for one hour on three successive days). The use of one of the next 
batches, however, met with varying success. On inquiring if there were any 
changes in the method of preparation of the different batches of phages which 
might have affected the potency, it was learned that in the last one. the phage 
was propagated at the expense of only one strain of staphylococcus, while for 
the preparation of phage of the first and second batches ten to twelve strains 
of staphylococci were used. 

The same failure occurred when wc produced our own phage by the method 
used by Dr. MacNeal of the Post Graduate Hospital, New York, who supplied 
us with five different strains of polyvalent staphylococcus phage and a stock 
culture upon which he propagated them. The five phages were propagated sep- 
arately in plain broth at a pH of 7.6 to 7.8. 0.1 c.e. of a twenty-four-hour bac- 
terial culture and 0.5 c.e. of phage were added to 10 c.e. of the broth. The tubes 
were incubated at 37° C. overnight and, if found to be clear, they were filtered 
and pooled before being used in the clinic. 

The results at the beginning were encouraging. However, after a short 
period of success we were suddenly faced with a series of failures. Simulta- 
neously it was found that the bacteiiophage was beginning to lose its power to 

* From the Bacteriological Research Laboratory of the Department of Surgery, College 
of Physicians and Surgeons. Columbia University. 
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produce complete fysis in vitro. The phage was then tested against old strains 
which it had formerly lysed, and if was found to he impotent. 

Not recognizing the cause oi‘ this deterioration we made an immediate shift 
to strain BL obtained from Dr. Gratia then of the University of Brussels. This 
was found to be effective not only in the laboratory but in the clinic, and its 
period of success lasted for about two months only to be followed by a scries of 
poor results. This time, however, the laboratory tests still showed a complete 
visible lysis of most of the strains of staphylococci, even to the eighth decimal 
dilution of phage, which dTIorelle 1 considers to indicate a fairly high degree 
of potency. 

It was obvious that the potency of the bacteriophages which we were using 
was not constant, and it seemed to us to be important to find some method of 
insuring the potency of the phage. From a clinical point of view the term 
“potency” might he applied to the ability of the phage to arrest the course of 
the infection in the patient but from a biologic viewpoint, it applies to the 
ability of the phage to destroy and prevent the growth of the bacteria in the 
test tube. For this bactericidal or bacteriostatic property the word “virulence” 
has been used but this does not seem to he a suitable term for clinical potency. 
As yet no standard method of phage preparation has been recognized although 
various methods have been proposed. What arc the factors which might be in- 
volved 1 Wc decided to investigate certain of these factors, for example the 
media employed, the bacterial strain used for propagating- the phage, .the con- 
centration of the bacterial inoculum, the amount of phage used, the optimum 
temperature, and the method of testing for potency. 


B. CULTURE MEDIUM 


For a propagating medium some authors have recommended plain meat 
infusion broth ; but MaeNeal- has advised asparagin for intravenous injection to 
minimize the protein content while others, including dTIerelle and his followers 4 
favor “savita” medium. We have employed all three in this study. We have not 
used the papain digest broth recommended by Aslieshov. 3 We found that as- 
paragin was not sufficiently nutritive for the development of either* bacteria or 
bacteriophage. Staphylococci grew in it very slowly, yielding about 500 to 750 
million organisms per e.c. after twenty-four hours of incubation at 37° 0 and 
still less growth at a temperature of 32° C., or lower. This was, therefore 
abandoned and replaced by “savita” medium used in d'Herelle’s laboratory in 
Paris and by some of his followers. This is made out of 1 per cent “savita” ex 
tract, 0.5 per cent of sodium chloride, and adjusted to a pH of 8.1, which after 
boiling and autoclaving becomes 7.5 to 7.8. 


A comparative study of staph-phage preparations in meat infusion bmtl 
" “'“"T 1 “““ *! K bsis iu broth fa aeeontplishe. 

ei-iod oi time than in “savita. ” On a ... - . 


; "”t J : ‘.vsis of bacteria i„ broth fa accomplish. 

m a shorter period ol time than m -'savita.” On a i..l <r „f occasions if f- 
noticed that after eshteen hoars of incubation at 32" c„ the broth tubes « 
completely clear n-htle nav.ih ,va» at, II .Sightly turbid. After twenty-four ho.u 
they usually became clear when left at room temnej-ahn-e ,, , 

had more of a tendency for.,, secondary hro^piSf ft S 
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also found that larger numbers of staphylococci could be completely lysed in 
broth than in “savita.” Up to 700 million per e.e. could lie completely lysed in 
broth but this number could never be dissolved in “savita” medium. 

When measuring the number of bacteriophage corpuscles by the plaque 
count, we found that the count in broth phage was always somewhat higher than 
in “savita” phage under identical conditions. With respect to retaining the 
potency as measured by plaque count aud lytic action in broth we found that 
broth phage retained it for a longer period of time than “savita” bacteriophage. 

On the other hand, in our clinical application of bacteriophage for the 
treatment of staphylococcus infections, such as furuncles and carbuncles, in 
which bacteriophage was injected directly into the lesion, we found that broth 
phage occasionally gave a severe local reaction, while this never occurred with 
“savita” bacteriophage. Furthermore, when injected subcutaneously, “savita” 
phage gave practically no reaction while the area injected with broth phage 
was sometimes surrounded by a large zone of redness. 

C. THE OPTIMUM TEMPERATURE POR PROPAGATION 

There has been no consensus of opinion with regard to the optimum tempera- 
ture for the propagation of phage. In the bacteriophage laboratory of Dr. 
d’Herelle in Paris, 5 the phages are prepared at 33° C., the same temperature that 
is used by Dr. MacNeal of the Post Graduate Hospital. 5 Dr. Gratia at Liege pre- 
pares his phages at 37° C. J and Larkum of Lansing, Michigan, and Asheshov 
of India prefer the temperature of 22° C. 8 A study of this question in our 
laboratory has shown that a temperature of 32° C. to 33° C. was the most favor- 
able for our staphylococcus phages. The experiments showed that phages pre- 
pared at 32° C. remained clear indefinitely, while bacteriophages made under 
identical conditions but at a temperature of 37° C. developed secondary growth 
after standing for one or two weeks at room temperature. No significant dif- 
ference in potency as measured by plaque count and lytic action in broth was 
found between phages prepared at room temperature and at 32° C. However, 
room temperature preparation was abandoned after it was found that some 
strains of staphylococci, especially those just isolated from the body, grew at 
room temperature very slowly so that the control tubes were often found to 
be still clear after twenty-four hours. This might be a source of error. Be- 
sides, even a weak bacteriophage will often produce a complete visible lysis at 
room temperature. Thus, a weakening of phage can be more easily missed at 
room temperature than at 32° C. incubation. 

D. BACTEELYL CULTURES 

Now let us consider the cultures which should be employed for the propa- 
gation of bacteriophage. Some laboratories use a single strain of staphylococcus 
for the preparation of a number of staph-pliages. Other laboratories employ 
a specific strain for each bacteriophage. These, after filtration may be mixed 
together. Still others propagate their phages against a mixture of bacterial 
strains after adding some freshly isolated strains to the laboratory stock strains 
each time that phage is made. Other workers, however, propagate their phages 
against separate individual strains and pool the filtrates. 
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Since ,c bcgim U» 

ferent methods. At first we fo °" shlglc susceptible strain. After 

who prepared five phages at t ic cm ° d filtl . ate s pooled. This 

pooled ptaip piodoeod complete «bJ ^ it lost its ability to lyse 
but later, even though piepaie . ^y e then shifted to an- 

heterologous strains and then thc '“"“ 1 ° S ™ 1 propagll lcd on MeNeal's stock 
other phage (BIO obtamed lion, 0 „ e ol stock cultures 

strain it rapidly lost potency hu n ° anf j t j ien it failed again. We 

potency was maintained for over wo > (B-59-A) and employed 

then started with a new phage obtamed from tllis strain 

a stock culture for its propagatioi . count showed 

(1 «, continued to undergo — another month several 

the titer of plmge to be 10 o • . wcrc f 0U11 d to undergo only 

freshly isolated cultures tes ec agau * strains previously susceptible 

partial lysis. We then went back to 12 y g completely all 0 f the 

and found that the phage was no ongey - time in 

cultures. It was obvious that tacter.oph.80 „ spe J t0 other 

contact with a single strain, ha. ejm tested against eight dif- 

strains. This was eon«vmed for ^ W the M w pooled phage 

ferent culture, and the clear tubes were yl ' 0c0c ci. This time H 

was tested again against the same - ‘ 4 onc tube of brot h was trans- 

cultures underwent complete visi e B 59 ^ as the result of contact with 
lucent. The increase in potency of phage B-59-A as 

several other strains of staphylococci was evident. . . 

Sin ce then we ^ains 

ofsSyl'o^cei. Question will be studied in more detail and will be 
reported in a subsequent paper. 

E TESTING THE POTENCY OF BACTERIOPHAGE 

The method most commonly used for testiug the potency of bacteriophage 

against any «iven culture is to bring the bacteriophage into contact with a hm 
against any , , ta .„,h. One drop of a young culture of the bac- 
terids 1 transplanted into two tubes containing 5 10 c.c. of plain teeth of 

“ _ 7 g This dilutes the culture down to a concentration of about 

X „ eg million organisms per cubic centimeter and gives a faint turbidity to 
the broth Then to one of these tubes 0.1 c.c. to 1.0 c.c. of the phage filtrate 
i dded The other tube serves as a control. Both tubes are then incubated 
and the final results are read in eighteen or twenty-four hours in terms of the 
r f thc suspension. If the fluid containing the phage is absolutely clear 
wWl/the control shows good growth, the phage is considered to he potent. 

This serves as a very rough gauge of phage activity and numerous methods 
have been devised to improve it. For example, potency lias been measured by 
the rapidity of the clearing of the broth culture. Thus, in d’Herelle’s laboratory 
of bacteriophage in Paris 3 phage is considered to be potent if one drop of it, 
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within three hours of incubation at 37° C., produces complete lysis of the bac- 
terial suspension made with 5 drops of an eighteen- to twenty-four-hour-broth 
culture in 5 e.c. of plain broth. 

In 1926 d’Herelle, himself, 10 preferred to determine the activity of bac- 
teriophage by the actual count of "corpuscles.” This estimate may be made by 
diluting the jdiage down through a series of decimal solutions in broth or saline 
and adding the bacterial suspension in the approximate concentration of 250 mil- 
lion per c.c. These tubes are well shaken and a measured quantity, approximately 
0.02 c.c., is spread upon the surface of an agar slant or Petri dish. With the 
more potent phages there will be a complete inhibition of bacterial growth in 
the higher concentrations of phage. With the higher dilutions bacterial growth 
appears on the plate with clear areas scattered over the surface which represent 
foci of phage activity. These clear dots ("plaques”) may then be counted and 
an estimate made of the number of phage “corpuscles” in the original suspen- 
sion. According to Dr. Bulgakov of dTIer-ellos laboratory in Paris, phage which 
yields a number of plaques when diluted 10"' is considered to be potent. 11 

Others measure the potency of bacteriophage by a method of successive 
dilutions in liquid medium proposed by Appelnian. 1 - This author considers 
that the higher the dilution of phage in which complete lysis of bacteria is ob- 
tained, the better the bacteriophage. 

Still others combine Appelman’s method with d'Herelle's. Transplanta- 
tion of one drop of each dilution in broth is carried out on an agar slant. The 
potency is thus determined by the results of phage action both in liquid and in 
solid medium. 

Serlic and Bulgakov, 13 on the basis of d’Herelle’s idea that the potency 
of phage is proportional to the rapidity with which phage corpuscles multiply, 
offered the following method for testing the potency of phage: A culture 
grown for six hours at 36° C'. on an agar slant, IS mm. in diameter is washed off 
with 3.0 c.e. of broth; 0.05 e.c. of this suspension is then inoculated into 10 c.c. 
of broth and incubated for an hour at 36° C. At this time 1,000 corpuscles per 
e.c. of phage, estimated by preliminary plaque count, arc inoculated into the 
broth and the culture is incubated further. At five-minute intervals during the 
first half hour a measured amount of the culture is plated and the plaques are 
counted. This is repeated at ten- or fifteen-minute intervals up to two hours, then 
at three, six, and twenty-four hours. The writers do not mention what the 
criterion of potency of phage is when measured by this method. Other methods 
of evaluating pliage potency in general represent some modification or combina- 
tion of the methods mentioned above. 

The fact that many methods have been devised for determining the po- 
tency of bacteriophage indicates that none has been found to be entirely satis- 
factory. Furthermore, any method for determining potency in vitro must be 
correlated with clinical results if the laboratory is going to be of direct service 
in obtaining practical results in phage therapy. 

Our difficulties in maintaining the potency of phage both in the laboratory 
and in the elinie induced us to stuefy all of the various methods proposed for 
testing potency. In our earlier experience when one phage began to lose its 
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potency we were at a loss to know liow to restore its potency and while attempting 
to find an adequate explanation we turned to another phage. 

As we have stated above, when a phage began to yield poor results in the 
clinic it usually gave some indication of its loss of potency in the laboratory tests, 
for example, by failing to produce complete lysis first of heterologous strains 
and then of the homologous strain upon which it had been propagated. One 
phage BL., however, began to lose its potency clinically without any diminution 



Fife'. 1. — The character of bacterial growth from clear until tered phase suspension 
growth, obtained on the blood plate front the clear, unaltered phage suspension • X twenty-four 
hours; IX, seventy-two hours; III, six days after its preparation. Staph-phages Bsr nr 
BH are prepared at the expense of strains Jf and H of staphylococci. With the strain ir nil 
three phages gave an extensive growth of mostly normal and some degenerated-looW- coImd, , 
from twenty-four-hour-old phage suspension and continued to do so after seventv twnhnf. n,e ? 
six days of standing at room temperature. The tubes from whiclf the Snr il? h ° urs and 
mained clear for about a month, at which time they were discarded ThovaS, "m? done re * 
pared at the expense of the strain II, which is evidently much RuSSfiK? 1 ” 8 ®** prc ’ 
abundant growth of degenerated-looking colonies from tiventy-four-hour^nhai^U Gave an 
the growth from seventy-two-hour suspension was considerably less extensive In nS '° n ’. bUt 
one of the phages did not give any growth at all and there was mil ® " i n slx Cays 

the others and a few from the third. " as onl > one colony from one of 


of its lytic power in broth. But, when a loopful of the cleared culture with 
out previous filtration, was plated on blood agar we found to our surprise that the 
culture gave a profuse growth of individual nonconfluent colonies on the plate 
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(see Fig. 1). The colonies were yellowish and did not differ in any respect 
from normal staphylococcus colonics. When these colonies were smeared on 
slides and stained, the individual organisms appeared norma 1. When trans- 
planted into broth and incubated, they gave a normal turbidity, and after being 
brought into contact with the same bacteriophage, they underwent complete 
visible lysis again. However, when this cleared culture was again plated on 
blood agar, it yielded typical staphylococcus colonies again. Some of the cleared 
tubes yielding growth were found to remain clear for a month while standing 
at room temperature, and during this period each time they were plated they 
gave an extensive growth of separated, normal looking colonies of staphylococci. 
When plain agar plates were inoculated instead of blood agar, growth was con- 
siderably less abundant and in some cases entirely absent (see Fig. 2). It was 
evident that blood agar was a better medium for the “invisible” staphylococci, 
or else the blood contained some element which inhibited the phage. However, 



Fi&. 2. — The difference of the degree of bacterial growth from phage suspensions on the 
plain agar and blood agar plates. Six -day bacteriophage suspensions of bacteriophages BK, 
Bb, and BH, prepared at the expense of staphylococci ,1/ and H are plated on the plain agar 
and blood agar plates. There is an abundance of mostly normal' -looking colonies on the blood 
agar plate, while there is no growth on the plain agar plate. 

the coincidence of this phenomenon with the clinical evidence of lack of potency 
suggested a reexamination of the clinically more potent phages by the same 
method. 

A comparison of several different phages showed that some produced actual 
lysis of all of the bacteria and l-epeatcd plating failed to show growth while 
others cleared the cultures, but yielded growth of normal or abnormal colonies 
when the cleared tubes wei-c plated. Still others failed to clear the bacterial 
suspensions at all. These three groups, we believe, represent three different de- 
grees of potency, and yet they cannot he correlated exactly with other measui-es 
of phage poteixey. Bacteriophage may produce complete visible lysis of a lai-ge 
percentage of bacterial sti'ains, and it may be of a high titer, as shown by titra- 
tion through decimal dilutions in liquid medium or by any method of enumera- 
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nuseles awl a slowing of the rate of their multiplication. Foi this reason tin 
Lplc method o£ testing phage potency is of practical signtacance and ought be 
orfttaUv employed whatever any clinical me is to be made of the phage- 
Although when the phenomenon was first observed, as mentioned above, the 
colonies growing from the clear suspensions appeared normal, ^tev e xpmen^e 
with other phages made it evident that growth on blood agar from the u ttered 
bacteria — bacteriophage mixtures vary considerably and each of the mM ex 
hinds of colonies appearing on the blood plates has a Afferent significance The 
colonies may appear degenerated or they may be normal except fox a c mnge 
in color. The “moth-eaten” colonies indicate that the lysis of bactena is slo\ . 
These colonies are partially transparent and contain particles of yellow pigmen . 
They are usually hemolytic if the original culture is hemolytic. These colonies 
will be obtained from the most potent phages if the plating is done during the 
first or second hour of incubation after the bacteriophage is brought into con- 
tact with the bacteria. If the plating is done every ten to fifteen minutes after 
settlin'- up the test, one will see these colonies gradually diminishing m numbei 
and under the action of a very potent phage they will disappear within two hours. 
With the less potent phages growth will appear up to twenty-four, forty-eight 
hours and even later. Often the phages giving growth after twenty-four 
hours will not do so after forty-eight hours or later. Others will continue to 
yield some growth for several days, some in decreasing and others m increasing 
numbers depending on whether the phage or the bacteria dominate. In case of 
increasing bacterial growth, round normal looking colonies may appear without 
any sign” of degeneration. These colonies may be yellow and look like the 
original culture” except that they are usually nonhemolytic when the original 
culture is hemolytic. They may differ from an original culture also in color 
which may be grayish or greenish. If the colonies are greenish they are usually 
surrounded by a green zone of hemolysis. Only rarely do these colonies become 
confluent, although they may be very closely attached to each other. The green 
colonies are usually more dry than normal staphylococcus colonies, while the 
yellow or gray colonies have the consistency of normal staphylococcus colonies. 

The development of one or another type of these abnormal colonies from a 
clear phage-bacteria suspension, after twenty-four hours of incubation usually 
indicates that the bacteriophage is losing its potency, or that the bacterial 
strain is acquiring resistance. The further use of this strain will result in a 
decrease in potency of the phage. In a large number of cases, especially if 
the appearance of these colonies has taken place for the first time, the tubes 
will remain clear for a long time, although when plated they will almost 
always give an abundant growth of bacteria. In some instances the number 
of colonies on the plate will gradually diminish over a period of days and 
finally disappear. The appearance of green colonies is followed by the de- 
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velopment of a risible cloudiness in the broth in a shorter period of time than 
when the cleared suspension yields the gray or yellow colonies. 

F. THE DOSAGE OF BACTERIA FOB THE PKOPAGATIOX OF BACTERIOPHAGE 

In 1926 d’Herelle 10 recommended a heavy inoculum of bacteria approximat- 
ing 250 million per c.c. of medium but a number of workers prefer a much 
smaller amount. MacNeal, 14 for example, in 1931 prepared his phages in 
bacterial suspensions estimated to contain 25 to 50 million per c.c. On one 
occasion when preparing one of the NacNeal phages, we inoculated six tubes 
containing 10 c.c. of broth with 25 million bacteria per c.c., while one tube 
by accident received 150 million to the c.c.; 0.5 c.c. of phage was then 
added to each tube (Table I). After twenty-four hours’ incubation at 

Table I 


SOMBER OF 
STAPHYLO- 
COCCI PER 

CUBIC 

CENTIMETER 

QUANTITY Oi 1 
PHAGE 

inoculated 

APPEARANCE 

OP THE MEDIUM 
AFTER 24 HOURS 
or 

INCUBATION 

GROWTH ON THE 
BLOOD A (JAR 

PLATE INOCU- 
LATED WITH 1 

i.oopful or 24- 

110 UR P1I AUK 
SUSPENSION 

APPEARANCE 
OP THE BROTH 

AFTER 

72 HOURS or 
BOOM 

TEMPERATURE 

APPEARANCE 
or THE BROTH 
AFTER ONE 
MONTH OP ROOM 
TEMPERATURE 

20 Million 

0.5 c.c. 


Abundant 

Cloudy 

Cloudy 

25 Million 

0.3 c.c. 

Clear 

Abundant 

Cloud y 

Cloudy 

23 Million 

0.5 c.c. 

Clear 

Abundant 

Cloudy 

Cloudy 

25 Million 

0.5 c.c. 

Clear 

Abundant 

Cloudv 

Cloudy 

25 Million 

0.5 c.c. 

Clear 

Abundant 

Cloudy 

Cloudv 

25 Million 

0.5 c.c. 

Clear 

Abundant 

Cloudy 

Cloudy 

150 Million 

0.5 c.c. 

Translucent 

Mine 

Clear 

Clear 


32° C. all of the tubes inoculated with 25 million were clear, while the 
tube containing 150 million c.c. bacteria was translucent. When a drop 
from each tube was plated on the blood plate, however, there was an 
abundant growth from the clear tubes, while the tube inoculated with 150 mil- 
lion per c.c. did not yield a single colony. All of these tubes were left on the 
desk at room temperature, and after standing seventy-two hours, the clear tubes 
became slightly cloudy, while the tube inoculated with the larger amount of 
bacteria became clear and remained so for a month. In an effort to bring light 
upon this problem, we prepared bacterial suspensions with varying amounts of or- 
ganisms, estimation of the number being made by the “turbidimeter” method of 
Gates. 13 The experiment was set up with a series of tubes inoculated with 
25 million, 150 million, and 300 million per c.c. and the i-esult confirmed the 
accidental finding (Table II). The tubes containing the smaller inoculum be- 

Table II 


number of 

STAPHYLOCOCCI 
PER CUBIC 
CENTIMETER 

QUANTITY OP 

P. PHAGE INOCU- 
LATED 

APPEARANCE OP j 
BROTH AFTER 

24 HOURS 

GROWTH ON THE 
BLOOD AGAR INOCU- 
LATED WITH 24- 
HOUR PHAGE SUS- | 
PENSION 

TITER Op PHAGES 
AS ESTIMATED BY 
PLAQUE COUNT 

25 Million 

0.5 c.c. 

Clear 

Abundant 


150 Million 

0.5 c.c. 

Translucent. 

Xone 


300 Million 

0.5 c.c. 

Translucent 

Xone 

10 -s 
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came clear but yielded growth on the plate while the tubes with 150 million c.c. 
and 300 million e.c. remained translucent for twenty-four hours but yielded 
no growth and later the tubes cleared. When the potency of bacteriophage 
prepared at the expense of these three amounts of staphylococcus was tested by 
the count of plaques on agar, the phage prepared at the expense of 150 million 
c.c. was found to possess a higher titer than either of the other quantities of 
inoculum. These experiments were then repeated with another phage B-59-A ob- 
tained from Dr. Larkum and another strain of staphylococcus. A series of 10 
tubes containing 10 c.c. of plain broth was used (Table III). The amount of 


Taule III 


NUMBER OP 
STAPUYLO- 

QUANTITY OP 
B-59-A PHAGE 
INOCULATED 

APPEAR- 
ANCE OP 

GROWTH 
ON THE 
BLOOD 

agar 

APPEARANCE OF BROTH 

TITER OP 

PIIAGE AS 

COCCI PER 
CUBIC 

CENTIMETER 

MIOTIC 
AFTER 2i 
HOURS 

72 lilt. 

96 IIR. 

2 WK. 

TESTED BY 
PLAQUE 
COUNT 

25 Million 

0.1 c.c. = 10 mil- 
lion corpuscles 

Clear 

Abun- 

dant 

Slightly 

cloudy 

Cloudy 

Cloudy 

| 

10-0 

75 Million 

0.1 c.c. = 10 mil- 
lion corpuscles 

Clear 

Moderate 

Clear 

Slightly 

cloudy 

Cloudy 

Not tested 

150 Million 

0.1 c.c. = 10 mil- 
lion corpuscles 

Clear 

Absent 

Clear 

Clear 

Clear 

10-8 

225 Million 

0.1 c.c. = 10 mil- 
lion corpuscles 

Translu- 

cent 

Absent 

Clear 

Clear 

Clear 

Not tested 

300 Million 

0.1 c.c. = 10 mil- 
lion corpuscles 

Translu- 

cent 

Absent 

Clear 

Clear 

Clear 

i 

10-r 


inoculation ranged as follows: 25, 75, 150, 225, and 300 million organisms 
per c.c. two tubes being used for each dose of organisms; 0.1 c.c. of phage con- 
taining approximately 10 million “corpuscles” 'was added. The tubes were then 
incubated at 32° O. for twenty-four hours. When examined, it was found that 
the tubes inoculated with 25, 75, and 150 million bacteria per c.c. were clear, 
while those prepared at the expense of 225 M/c.c., and 300 M/c.c. were trans- 
lucent. A drop from each tube was then plated on blood agar plates and in- 
cubated overnight. Meanwhile one set of the tubes was filtered and another set 
left at room temperature for further observation. When the plates were ex- 
amined on the following day the parts of the plate inoculated with one drop 
from the tubes receiving the smallest dose of organisms yielded a very rich 
growth of separate colonies. The colonies were considerably less abundant from 
the tube inoculated with 75 M/c.c. Not a single colony grow out of the tubes 
inoculated with 150, 225 M/e.c. and 300 M/c.e. of bacteria. The series of tubes 
which were left at room temperature remained clear for forty-eight hours. Then 
slight cloudiness was noticed in the tube inoculated with 25 M/c.c. bacteria and 
a clay later in the 75 M/c.c. tube. The other tubes, two of which remained 
slightly translucent, did not show any cloudiness and did not grow on the plate 
for a period of two weeks after which they were discarded 


The phages prepared at the expense of 25 M/e.e., 150 M/c.c., and 300 M/e c 
were tested for their potency by the plaque count. Plaques appeared in the 
eighth decimal dilution of the phage prepared at the expense of 150 M/e e 
while the limit of the phage prepared with the 300 MA»a i , 

seventh dilution and the limit of the pliagc prepared with tile 25 M/cThmculum 
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was the sixth dilution. These experiments were repeated a number of times (one 
of them is presented in Pig. 3) and according to the plaque count method of test- 
ing potency, the optimum inoculum was found to be from 150 to 250 million 
organisms per e.e. If more than 250 M/c.c. of bacteria were used it required 
longer than twenty-four hours’ incubation at 32° C. to produce lysis and com- 
plete clearing seldom occurred. Usually there was slight translucence. How- 
ever, the plaque count of phage produced with these larger quantities of 
inoculum was usually only slightly lower than that produced by the phage 



Fig. 3. — Potency of bacteriophage prepared at the expense of 23 million, 150 million and 
300 million per c.c. as estimated by plaque count. Each plate is divided in five parts which are 
inoculated with 10- 3 , 10-*, 10 -3 , 10- € , 10-* dilutions of phage. One can see that the phage pre- 
pared at the expense of 150 million per c.c. contains the largest number of corpuscles. This 
is followed by phage prepared at the expense of 300 million of staphylococci per c.c. and the 
phage propagated at the expense of 25 million per c.c. contains the smallest number of cor- 
puscles. 

propagated at the expense of 150 to 250 million organisms per c.c. When the 
inoculum was above 500 M/c.e. several days were usually required to produce 
lysis and the potency of the phage was usually lower. On the other harnl, 
phages prepared at the expense of a smaller amount than 100 M/c.c. were al- 
ways less potent and the potency decreased in proportion to the decrease in the 
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inoculum. Thus the titer of plmge prepared at the expense of 1,000 bacteria 
per e.c., never exceeded 10"' which meant that there had been no propagation 
of the phage originally added to the suspension. 

G. THE QUANTITY OF HACTEKIOPH AGE INOCULATION FOR THE PROF A CATION OF F1IAGE 

Concerning the Quantity of bacteriophage which should be used for phage 
propagation dTIercllc 10 states that “the quantity of bacteriophage is a neg- 
ligible factor.” Employing dilutions beginning from 10” up to 10' 11 of dys- 
entery phage against 100 M/c.c. bacteria d Tlerelle invariably obtained 4+ lysis. 
There was sometimes a delay in the development of lysis with the highest dilu- 
tions but in the lower dilutions lysis within eighteen to twenty-four hours was 
always complete. D’Herelle came to the same conclusion with respect to other 
phages including staphylococcus, phage. However, in 1922, Ellis 15 described 
somewhat different observations. This author found that a different degree of 
lysis was obtained when different amounts of bacteriophage were used. There 
was complete lysis of the bacterial suspension with a small quantity of phage, 
while only partial lysis was obtained when a larger inoculum of phage was 
employed. Somewhat similar observations were made by Gobs. 10 This writer, 
testing a bacteriophage, preserved for a year, found that when the quantity of 
a bacteriophage varied between 1/50,000 and 1/10,000,000 of a drop, lysis was 
complete, but when the quantity of the phage employed was from 5 drops to 
1/10,000 of a drop the bacteria remained alive. 

Carrying out numerous titration tests with staphylococcus and other bac- 
teriophages in our laboratory we have found that complete lysis may be ob- 
tained in dilutions of 10~ 10 or even higher, while the dilution 10” (and oc- 
casionally the dilution 10”) may fail to clear the bacterial suspension. This 
cloudiness was at first considered to be due to a contamination, but the con- 
stancy of this phenomenon led us to prove that such was not the ease. Four 
tubes of broth (Table IV) were inoculated with 25 million bacteria per c.c., 

Table IV 
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tion. When examined after seventy-two hours at room temperature the tubes 
inoculated with 10' 1 and 10‘ 2 dilutions of phage were found cloudy, while one 
with 10' 3 dilution of phage was clear. 

Another series of five tubes (Table V) was seeded with 250 million bacteria 
per c.c. and one of them was inoculated with 1.0 c.e., another with 0.5 c.c., the 

Table V 


NUMBER OF 
STAPHYLOCOCCI 

PER CUBIC 

CENTIMETER 

quantity of 

PHAGE 

INOCULATED 

APPEARANCE OF 

BROTH AFTER 

2-1 HOURS 

GROWTH ON THE 

BLOOD AGAR 

PLATE 

APPEARANCE OF 
THE TUBES AFTER 
72 HOURS 

250 Million 

m 


Clear 

None 


250 Million 



Clear 

None 


250 Million 


- ,1 

Clear 

None 


250 Million 

0.01 

C.C. 

Slightly cloudy 

None 


250 Million 

0.001 

C.C. 

Cloudy 

None 



third until 0.1 c.c., the fourth with 0.01 c.c., and the fifth with 0.001 c.c. of the 
same phage. There was complete lysis in the tubes inoculated with 1.0 c.c., 
0.5 c.c., and 0.1 c.c. of phage, while lysis in the tube inoculated with 0.01 c.c. 
w r as only partial (3+) and in the one inoculated with 0.001 c.c. of phage lysis 
w r as practically absent. However, when all five tubes were plated on blood 
agar none yielded any growth. When examined later the tubes inoculated with 
250 million bacteria per c.c. and 0.01 and 0.001 c.c. of phage were found to be 
completely clear. 

This experiment clearly demonstrated that the quantity of bacteriophage is 
an important factor in the propagation but it is particularly important not to 
use large amounts of bacteriophage such as 0.5 c.c. or 0.1 c.c. per 10 c.c. of 
medium when a small inoculum of bacteria (25 M/c.c. or below-) is used. In 
cases when the number of bacteria ranges between 100 and 250 million per c.c. 
less care as to the quantity of bacteriophage is required. In this case amounts 
of 1 c.c., 0.5 c.c., 0.1 c.c., and 0.01 c.c. will produce complete lysis of bacteria 
equally well. However, if higher dilutions of bacteriophage are employed then*, 
may be some delay in completing lysis. 

This relationship of the quantity of bacteriophage to the number of or- 
ganisms has been observed with several staphylococcus bacteriophages obtained 
from different sources and the proportions necessary for the development of the 
optimum potency varies with different strains of bacteria and different races 
of phage but in general the best results will be obtained wfith 150 to 250 mil- 
lion organisms per c.c. and 0.1 or 0.01 c.c. of phage in 10 c.e. of broth. 

SUMMARY AND CONCLUSIONS 

The pi'oblem of maintaining and testing the potency of staphylococcus 
bacteriophage has been studied from the point of view of the media to be em- 
ployed, the temperature of incubation, the strains of bacteria to be used, and • 
finally the proportion of the number of bacteria to the quantity of bacteriophage. 
We have also considered the various criteria of potency. Our experiments seem 
to indicate the following : 
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2. “Savita” medium is superior to plain meat infusion broth chiefly because 
of the relative infrequency of uncomfortable reactions in the patient, but labora- 
tory tests indicate that the broth phages are more potent. 

2. The optimum temperature for the propagation of staphylococcus bacterio- 
phage seems to be 32° or 33° C. 

3. Although the potency of phage may be maintained for several months 
by its propagation at the expense of a single strain of bacteria, it may sooner or 
later lose its potency thereby, and have to be restored by propagation against 
another suitable strain. 

4. More potent phages are obtained by using large inoculations of bacteria 
(150 to 250 million per e.e.) and small inoculations of phage 0.1 to 0.01 c.c. 
(approximately 1 to 10 million corpuscles) in 10 c.c. of medium, than with 
smaller quantities of bacteria and larger amounts of phage. 

5. The earliest indication of loss of potency is the appearance of growth 
on blood agar from the cleared bacterial suspension. This is followed by a 
failure to produce lysis and a slowing of the rate of multiplication of phage 
corpuscles. 
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MALARIA STUDIES IN GREECE* 


A Modification of the U hlexii uth- W eidanz Precipitin Test for Determining 
the Source of Blood Meals in Mosquitoes and Other Insects 


J. B. Rice, M.D., and 51. A. Barber, Pii.D., Cavalla, Greece 


T HE aim of the modification of the Uhlenhuth-Weidanz precipitin test, here 
described, is to secure economy of time and materials. One cubic centi- 
meter of eaeli animal precipitin serum suffices for the test of 700 or 800 
mosquito blood meals with a gain in accuracy as compared with the older 
methods. One person with an assistant to clean apparatus can do more than 
1,000 tests in one day. In investigations dealing with the source of mosquito 
blood meals, the number of variables is great, and abundant data are especially 
desirable. Anopheles are usually plentiful; the main obstacles in the past 
have been the expense of the precipitin sera and the time required to do the 
tests. • 

collection of mosquito blood meals for testing 

The fresher the blood to be tested, the better. In winter, mosquitoes kept 
alive nearly four days at low room temperature may yield blood which gives 
a fair test. In warm weather, blood often becomes black, scanty, or other- 
wise unfit for the test in less than one day. Our summer routine, especially 
useful where the mosquito collecting place is at some distance from the labora- 
tory, is as follows : Collections are made as early in the forenoon as possible. 
Collections from each bedroom, stable, or other locality-unit are transferred 
from a narrow catching tube to tube vials, each about 2 cm. wide and 5 cm. 
high. These are tightly corked and put into a large thermos jug, porcelain 
lined and containing an abundance of ice. Yials are numbered and each num- 
ber is entered on a card describing the locality in which the mosquitoes were 
taken. Vials of greater size may be used for larger collections, but many 
mosquitoes can be put into one vial of the size described. 

It is best to remove the blood from the mosquito stomachs on the day of 
collection, but fresh blood will keep in a well-iced thermos jug for twenty-four 
hours. We often use the same mosquitoes for the precipitin test, and for the 
dissection of salivary glands for sporozoites, so it is convenient to keep the 
specimens until both tests can be made. The blood may, of course, be removed 
immediately after collection or the mosquito may be dried, blood and all. The 
extraction of the serum from a dried insect, however, is less satisfactory than 
from blood removed when fresh, especially where large numbers of tests are 
being done. 

In the laboratory, the mosquitoes are lightly chloroformed and the blood 
from each stomach is expressed on filter paper, preferably of a harder sort. 

•Received for publication. July 27, 1934. 
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It is best not to press the blood too deeply into the Alter paper, as soaked-in 
blood does not yield its serum so well. We prefer circular filters, such as 
Whatman No. 5, 9 cm. in diameter. The “blood-spots” are arranged at the 
margin, and labels are written at the center of the sheet. The sheets are 
kept in tightly closed tin boxes. It is possible to keep dried blood specimens 
many mouths, at all events when they are stored in a cold, dry place. 

The blood specimens arc kept until many hundreds accumulate. Then 
on the day of testing, the spots arc cut out and one is placed in eacli of the 
compartments of a long tray (Fig. ! 1). The tray may be made of tin or other 
metal, but must be so carefully japanned or otherwise coated that no metal 
is exposed. Each compartment is 5.5 .cm! long, 3 .cm. wide at the top, and 
2 mm. wide at the bottom ; the cross-section is thus nearly an isosceles triangle. 



Fig. 1. Tray with compartments for extracting serum from mosquito blood meals. 


Three cubic centimeters of physiologic salt solution are then added 
to each specimen. More or less salt solution may be added depending 
on the amount and freshness of the blood, in respect to which blood meals 
vary widely. Our aim in this test is merely to determine the chief source 
of the blood meals of a considerable group; good specimens may be selected 
and all doubtful reactions thrown out. Using a precipitin sera m prenared 
as described below, group reaction due to antigens common to different suecies 
of animals cause few or no cross reactions. Under these conditions, the per- 
nussible degree oi dilution of the antigen is a wide one, and 3 c c of I t 
solution answers for practically all tests of mosquito blood meals ' ' 

The blood spots are allowed to soak for one hour 
the trays being shaken from time to time. It is not op ° m em .f erature > 
solution, but it should be allowed to settle a short time h f eSSaiy 10 fiIter thls 
» «lc.r s », fluid m each company * * *» 
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PREPARATION OF THE PRECIPITIN SERUMS 

We obtain serums furnished by the Institute Sierotcrapico of Milan, Italy. 
These serums are supplied in either a liquid or a dried state. The dried serums 
used by us were serviceable, but they contained a line precipitate which had 
to be removed by filtration before use. It is possible that this precipitate was 
caused by bleeding the animals too soon after feeding. The liquid serums 
are preferable, but should be ordered Ions' beforehand. They are furnished 
sealed in ampules and may be preserved many months at refrigerator tem- 
perature. We use antiserums for man, pig, horse, sheep, and cow. The num- 
ber and species of animals depend, of course, on the nature of the experiment 
and the region where the tests are made. 



Fig. 2. — Group of glass dishes for the diluted precipitin serums. 

In preparation for the test, the precipitin serums are diluted as follows : 
To each part by volume of serums are added seven parts of the following 
diluent : 


Sodium chloride 

4.25 gm. 

Glycerine 

16G.0 c.c. 

Phenol 

2.5 c.c. 

Distilled water 

3.10.0 c.c. 


This diluent should be perfectly clear; if it is not, it must be filtered be- 
fore it is added to the serums. The glycerine should be nearly neutral. Its 
purpose is to add to the specific gravity of the fluid. The phenol, added to 
prevent the growth of yeasts or moulds, may be omitted if the diluent is used 
at once. With the phenol ingredient, the diluent will keep indefinitel y ■ and 
after the addition of the precipitin serums, the mixture will be effective for 
as long as ten months without appreciable loss of strength when kept at ice 
box temperature and protected from access of air by overlaying with paraffin 
oil. One test sample kept well for weeks at summer room temperature. 

The titers of the various batches of serums are marked on the ampules 
“1:1,000, 1:2,000, and 1:3,000.’’ However, several samples tested in this labo- 
ratory have shown the titer to be closer to 1 :5,000, and no variation in the 
amount of dilution lias had to be made for different batches of serum. It is 
probable that if serums are used which have a lower titer than that mentioned 
above, the dilution will have to be correspondingly decreased; it will have 




RICK AND HARIUHt : 


MAI, ARIA STUDIES IN (IKEKCU 


879 


to be increased if the serums have a higher titer. In any ease, a few simple 
tests on known biood meals will serve to indicate the proper dilution for any 
given precipitin serum. 

Immediately before the test, the diluted precipitin scrums are placed in a 
“battery” of small glass dishes cemented on an ordinary glass slide (Fig. 2). 
Each dish receives a different animal precipitin serum, and these are always 
arranged in the same order, that is, man, pig, horse, sheep, and cow. 

The diluted stomach bloods of the mosquitoes and the precipitin serums 
are brought into contact by means of capillarity in glass tubes. These tubes, 
each about 6.5 cm. long with a 2 mm. inside diameter, are sealed between two 
glass slides, one tube for each animal for whom the test is being made. Thus 

ii ii n pi n. _ 


1 


Fig. 3 . — "Card” at capillary tubes in. which antigen and precipitin serums are brought into 

contact. 



Fig. 4. — Rack for holding "cards” of capillary tubes. 


there is a 5-tube unit, which we call a “card” for want of a better term (Fig. 3). 
The tubes ancl the, small dishes (Fig. 2) are so spaced that each tube "of a 
card will touch aproximately the center of the precipitin serum in a dish when 
the tubes are lowered simultaneously. Only the long ends of the tubes are 
used, so that the material employed to seal them between the slides need not 
bo transparent; ordinary black asphalt cement will do. 

In performing the test, the card is first brought into contact with the 
antigen (the diluted stomach blood) in one compartment of the tray (Fi" 
b a), all tubes receiving the same antigen simultaneously. The liquid enters 
by capillarity and rises a distance of about 1 cm. Then all tubes are touched 
to a layer of wet absorbent cotton (Fig. 6, 6) to draw out one-third of toe 
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antigen and to wipe the bottoms of the tubes. Then the tubes are touched 
to the diluted precipitin serums, all tubes simultaneously. The precipitin 
serums flow into the tubes until the total height of the column, composed of 
antigen plus precipitin serum is again about 1 c.c. Whether touching antigen, 
absorbent cotton, or precipitin serums, a contact of a fraction of a second 
suffices. 

There is now a layer of each animal precipitin serums under a layer of 
antigen composed of the diluted blood of one mosquito stomach. The reac- 
tion, consisting of a ring at the zone of contact of the two liquids, often 
appears within a few seconds, but it is best to read the result after about 20 
minutes. It is convenient to do about SO stomachs, then read the results in all. 
Cards are held in racks (Pig. 6, c) while awaiting the reaction and reading. 

In preparing the absorbent cotton (Pig. 6, b) a flat layer is wet with 
physiologic salt solution, and placed between glass plates; then, while the 
cotton and one plate are held together, the other plate is slipped aside, a 
process known to photographers as “squeegeeing.” The cotton layer lying 
on one glass plate is now placed in a shallow glass dish and physiologic salt 
solution is added until its level comes just below the level of the top of the 
cotton. The height of the cotton layer above the salt solution will regulate 
the amount of antigen drawn out, and the level of the salt solution may be 
changed if too much or too little antigen is withdrawn. It is essential that 
the cotton be nearly neutral, as the presence of acid in any considerable 
amounts in any part of the apparatus is likely to cause a nonspecific pre- 
cipitate due to the coagulation of the precipitin serum. 

It would seem that there would be danger of false reactions through mix- 
ing antigens from different mosquitoes in the cotton layer. Repeated tests 
for this source of error indicates that it does not exist. One may, of course, 
touch a different part of the cotton layer for each mosquito, but this precau- 
tion does not seem to be necessary. 

The diluted precipitin serums in the row of glass dishes is dipped until 
all is used. We have made careful tests to determine if a sufficient amount 
of antigen, coming from the tubes through repeated dippings, is left in the 
precipitin serums to impair the test. We found no evidence of such source 
of error. The inrush of the precipitin serums apparently carries with it any 
antigen which may have escaped the wiping on the absorbent cotton. In anj r 
case, a contamination with antigen would result in a general cloudiness of the 
precipitin serum, a condition readily detected and not easily confused with a 
positive reaction. 

• ' A strong reaction may be read by simply holding the card before a bright 
light. But we have found it advisable to use a sort of observation box (Pig. 
6, d). This box is of wood, and is about 32 cm. long, 9 cm. wide, and 6.5 cm. 
deep. It is painted black and is closed except for one end, which is left open 
for the eyes of the observer, and a space at the top of the other end about 8 
cm. long. At this end there is a notch for holding the card. It is convenient, 
and where one uses a one-eiglith dilution of the precipitin serum, necessary, 
to include in the box an ordinary square reading glass to magnify the ring. 
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The card is suspended in the open end of the box and held almost under a 
strong electric light for reading. This arrangement avoids confusion due to 
reflected light. 

The rings formed where precipitin serums and antigen meet are narrow but 
sharp. The group reaction, cow + sheep, rarely if ever occurs when one uses 
the diluted precipitin serums as described here. An attempt is made to have the 
tubes perfectly clean (see method of washing described below), but if there is 
ever suspicion of confusing a ring with some precipitate on the outside of the 
tube, the card may be tipped slightly and the angle of the ring will change, that 
of the artifact remaining constant. 


No reaction 





1 



r 


■ : 'r_ 


Arittge-n « 

v-; 


f 



VPrecipLlin Serum J 



1 

SSil 


[positive 
^ reaction. 


Fig-. 5. — The lens-shaped ring appearing in a positive reaction. 



Fig-. 6. — The various kinds of apparatus arranged for making n . 

cipitln tests, a, Trays for serum from mosquito blood meals & Glass hum - of pre " 

absorbant cotton, c. Racks for holding “cards.” d Observation hn\- containing wet 

"cards” are kept when not in use. t on box - c < Large dishes in which 


Of great use m recognizing the precipitin ring is its biconvex lenslike form 
(Fig. 5) . The reason for this form is seen when a test is made with the diluted 
precipitin serum colored with eosin or other aniline dye. The top of the pre 
eipitin serum column is at first conical, not flat-topped. Owin- to its -reatei 
specific gravity the cone soon flattens down, leaving a lens-shaped rin~° 

The washing of the tubes in the card is important if proper capilLity i s 
to be obtained m tubes of so large a caliber. They are washed thoroughly in 
sulphuric bichromate solution and are left in the solution overnight All 
traces of tins cleaning mixture are then washed out with tap water" After 
ward, the cards are suspended m a large dish of distilled water where they 
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are left until they are needed. When the}' are to be used the distilled water 
is shaken out with a sharp jerk and the card is immediately brought into 
contact with the antigen without allowing the tubes to become dry. Im- 
mediately after the test is x-ead, the contents of the tubes are shaken out and the 
cards are placed in a second dish containing distilled water or tap water. If tap 
water is used, about 3 drops of concentrated hydrochloric acid per liter should 
be added. Just enough acid is added to prevent the carbonates of the tap 
water from fonuing a precipitate on the outside of the tubes. Man} 1- tap 
waters will need less acid or none at all. Cards are left in this water until 
ready for the next test. One can use cards in this way all day. At night, or 
at the close of a series of tests, they are put back into the sulphuric acid- 
biehromate solution. On two occasions a precipitate lias formed on the tubes 
which could not be removed by the acid bichromate solution. This precipitate 
was readily removed, however, by suspending the tubes in a strong sodium 
hydroxide solution for a few minutes. 

Glass dishes (made by any glass manufacturer) 26 by 7 by 7 cm. are con- 
venient for keeping tubes in the cleaning solution. For the distilled water or 
tap water, large dishes of an}' kind will do if they are provided with racks 
suspended from the margin for holding the cards (Fig. 6, e). 

PROOFS OF THE RELIABILITY OP THIS MODIFICATION 

In working out this modification, we devised a microscopic method for com- 
parison. On large slides (those 2.5 by 8 cm. are good) small drops of un- 
diluted precipitin serums are placed, several rows to a slide, and each row 
consisting of a different animal antiserum. Wax pencil lines separate the 
droplets. The droplets are allowed to dry and may then be used at once ox- 
stored in the refrigeratox*, protected from access of air, where their properties 
will keep for several weeks. In making the test, a drop of diluted antigen 
from one mosquito is placed on each dried dx-oplet in a transvei-se row, that 
is, one comprising serums of all the animals for which the test is being made. 
On a second row, another antigen is placed, and so on. The slide is then put 
in a moist chamber for half an hour and the result finally x-ead under the low 
power of a compound microscope. A positive result, consisting of an opaque 
cloud of precipitin, is precise and cleax-, especially if antigen and precipitin 
serums are free from dirt. 

We have compared many series of tests by both the mici-oseopic and the 
macroscopic capillax-ity modifications. The results agree remai-kably well ; per- 
fectly, when proper mosquito bloods are available. 

We have also tested the reliability of both modifications by the use of 
known serums of various animals and at various dilutions. But best of all 
have been tests on mosquitoes which have fed on animals, the species of which 
were known. In more than 1,100 experiments, mosquitoes were exposed to 
known pairs, man and cow or man and donkey, and the stomach bloods sub- 
sequently tested by the maei-oseopic capillarity method. In no case did a 
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• . nrtier than for one of those bitten. Of the 

reaction appear tor any annual , d ■ pre f err ed t since it is just 

two methods, the macroscopic capillarity method I 

as precise and far more convenient. material is valuable, the test is 

Doubtful reactions are ^ m0S<1 „„ 0 e S for a,, abundance of 

repeated. Usually one can 0 • tQ determine animal preferences 

unequivocal tests. Tlut puFimsc o o£ blood meals that are 

of insects does not usual y 1 

scanty or otherwise inadequate. bou „ U fc j n local markets, except the 

All of our apparatus is liomen J of the plain glass dishes 

battery of dishes " y glass Lecturers in 

for washing the cards lhes as serviceable to others as it has to 

Rome or Athens. H tins » 1 p be tbat » dealer will eventually 

Sr sTr^aJ at moderate cos,. 
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t i,'„ivc PhD New Orleans, La. 

Florence u. Javans, a 

- tint tho ordinary method of heat fixation 
T HAS been found y ^"tion of smears from certain types of material. 

1 is inadequate in the prep ^ we especia ii y difficult to deal ivitli, as 

Cultures of anaerobe S1 : lvl ike layer which washes off during the most 
the material dries in * Special methods of fixing such smears that have 

bee'n advoS have been tried, but the results have not been altogether 

S ‘ tM v rSiowing method of heat fi-vation has been found uniformly success- 
ful in the preparation of — , frmn the anaero “ 

™ t * -r >*“■ 

^ prepared by smearing the material on the slide in the customary 
1 • The slide is placed in the incubator at 37° C. for one-half to three- 
manner. ^ ^ bou r. It is then removed and put in the hot air oven at a 
quarters o. ^ £or ten minutes. Films prepared in this way can be 

stained 1 in the usual manner and remain firmly fixed to the slide. 

Slides of pathologic material containing organisms that are apt to mul- 
‘ \ r at 37° C can be fixed in the 55° C. incubator for fifteen minutes and 
thm in the hot air oven. This method has been found very useful for material 
* blood serum or tissue, but it is not as satisfactory for anaerobes 

as the first method described. 

the Department of Pathology ami Bacteriology of the Medical Center of Louisiana 
. University and the Charity Hospital of Louisiana. 
bUl C W( . cc iv<sd for publication. August 1. 133 ). 
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BLOOD, Study of, in Normal Pregnancy, Dieckmann, W. J., and Wegner, C. R, Arch. 

Int. Med. 53: 529, 1931. 

In individual subjects, both plasma and wholo blood cholesterol remain fairly con- 
stant, although within rather wide limits, and they are not affected by food unless pro- 
longed alterations in diet are maintained. 

Determinations of plasma cholesterol and plasma volume were made on various 
groups of women and also on the same women for the different periods of pregnancy. 
The following conclusions are warranted: 

1. The variations and range of cholesterol in the same woman during pregnanev 
may be tremendous. The majority show an increase, which is apparent at from ten to 
fifteen weeks’ gestation. 

2. There is an average increase of 23 per cent at term and a decrease of 27 per cent 
at eight weeks postpartum. 

3. Cholestorol calculated as grams per kilogram shows an increase of 33 per cent at 
term, and a decrease of 39 per cent at eight weeks postpartum. 

I ariations in the total amount of cholesterol indicate an increase of 33.9 per cent 
at from twenty-six to thirty-five weeks of gestation, and an increase of 27.9 per cent at 
term. After delivery there is a constant decrease, amounting to 21.2 per cent at eight 
weeks postpartum. 

The increase in both the concentration and the total amount of cholesterol is prob- 
ably not preparatory for lactation but is associated with other changes in the chemical 
equilibrium, which is so markedly disturbed in pregnancy. Further work is necessary to 
determine whether the increase in cholesterol in pregnancy is caused directly by the 
pregnancy or is the result of the other changes in the blood. 

BLOOD SEDIMENTATION, A Simplified Technique for, Van Antwerp, L. D. Am. Rev. 

Tuberc. 29: 214, 1934. 

The method is as follows: 0.2 c.e. of a sterile 3 per cent solution of sodium citrate 
is drawn from a serum bottle under sterile technic. The needle is then removed from the 
serum bottle cap and, following a venous puncture from a suitable vein, the syringe is 
filled to the 2 c.e. mark with blood, and removed fiom the vein. A bubble of air is theu 
expelled, the needle removed aud replaced by a cap, and the capped syringe placed iu a 
test tube rack for observation. The caps were made by breaking the needle from a dis- 
carded hypodermic needle and filling the perforation with paraffin. A 24 gauge, 1-inch 
needle seems best suited for use iu the test. 

Readings, at the present time, are limited to a single one taken at the end of one 
hour, since additional information has not been obtained by the use of the curve plotted 
from the five-minute readings, nor any advantage observed in readings taken beyond the 
one-hour interval, as in the Wcstergren method. 

The advantages of this simplified technic may he considered as follows: The elim- 
ination of one or more stops in the determination of the index materially reduces the time 
necessary for the procedure. The small amount of blood necessary (1.8 c.e.) allows the 
use of a small hypodermic needle, which causes a minimum of discomfort to the patient 
and facilitates entrance to the small veins of children. A minimum of equipment is neces- 
sary and, once the syringe (which can be put to other uses in the private office) is 
acquired, the apparatus can bo found in any physician’s office, with the exception of the 
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Hoiilo otrta solution. Tto storiltoutiou , “ llnB 

— — - «■»• 

_ w t Hazard J. B., and roley, J. A. S. A. M. A. 102: 
MONILIASIS, Pulmonary, Bakst, H. 3., Haza , 

■jofiQ i93.i. 

’ . . , i, ul(rs tire organism was the primary 

In three eases of monilia infection Bacillus tuberculosis, 

agent in two and in one an invader secon arj . moniliasis was observed 

A marked variation in the clinical picture ot pulmonai) 

in the cases presented. . , and with iodides supplemented 

Excellent results were obtained with the iodides and 

by vaccine in the treatment of the cases o 1 P ‘ r Xtionship of Monilia recovered from the 
There are means of demonstrating ^gglutiLtion reactions proved to be of 

sputum to the disease process in the patit . - bb 

uncertain value in the establishment ; o* moniliasis in cases of unproved 
It is important to consider a diagnosis or p 

and atypical tuberculosis. clinically classified as chronic bron- 

I, i, suggested .but, to the > g»«P <f ™ Ml „ lo g ie „g e „„. 

chitis, Monilia should be considered as one ot t! y l 

ALCOHOL, Specificity of the Test for, in Body Pluids, Heise, H. Am. J. Clin. Path. 4: 
169, 1934. 

A and speeific test to, .to.W to body «d, i. de^ribed beta »d it, 

specificity lias been denien.t.ntod. a , ot „ „ m o„tk. For Wood 

Specimens of blood and urine ni&y P 

use sodium fluoride, and urine, a “ d ' tQ confirnl a aiagnosis of drunkenness 

The importance of the test lies i b information in differential diagnoses, 

for medicolegal purposes, as well as to gue vaiuaon. 

A preliminary 

L C pttre y of?nat r ion-wide survey of the relationship of alcohol to automobile accidents. 

The chemical test for aleohol in body fluids will be an important factor m arriving 

1 ® intoxicating ability of certain beverages, 

at conclusions concerning the mtox » *• 

Method . — Distill mixture of 10 c.e. of urine with about 10 ,c. ot half saturated 
picric acid containing about 10 per eent tartaric acid, collecting the first 10 c.c. of the 
distillate and mix. In separate tubes similar to those used for the standards, place 1 c.e. 
in one and smaller measured amounts in the others, making the volume up to 1 c.c. u 
each ease Add 3 c.c. of the K,Cr 2 0, reagent (0.33 per cent in 50 per eent sulphuric acid) 
to each tube and place in boiling water bath four minutes. Compare colors with those 
of the standard scale. Divide the reading by the fraction of a cubic centimeter of dis- 
tillate used which gives the percentage of alcohol by weight. The use of several tubes 
permits close checking of the results and gives greater opportunity for having readings 

on the scale. _ _ 

Strong Permanent Standards 


if? WEIGHT 
PER CENT ALCOHOL 

~ TOT 


ALCOHOL BY WEIGHT 


WATER C.C. 


0.05 

0.10 

0.12 

0.14 

0.10 

0.18 

0.20 


0.50 c.c. of 0.10 per cent 


c.c. of 0.10 per cent 
c.e. of 0.20 per cent 
c.c. of 0.20 per cent 
c.c. of 0.20 per cent 

c.c. of 0.20 per cent 

1.00 c.c. of 0.20 per cent 


1.00 

0.60 

0.70 

O.SO 

0.90 


1.00 

0.50 

0.0 

0.40 

0.30 

0.20 

0.10 

0.27 
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If results are too lory to be read, use the weak standards, using 2 c.e. of the dis- 
tillate and known smaller amounts, bringing the volume to 2 c.e. in each case, add 1 c.e. 
of the reagent and placo tubes in boiling water twelve minutes. 

If blood is being tested take 2 e.e. of whole blood, plasma, or serum (all give the 
same results), add about 15 c.c. of the picric-tartaric reagent, and collect the first 10 e.e. 
of the distillate. This is tested on the weak standard scale and the result multiplied by 5. 

To each tube add 3 e.e. of S/15 K.C r,0. (0,33 per cent in 50 per cent H,SO,). Place 
tubes in boiling water four minutes and seal. 


Weak Permanent Standards 


PER CENT ALCOHOL 
BY WEIGHT 


ALCOHOL BY WEIGHT 


WATER C.C. 


0.0 




2.0 

0.005 

1.0 

c.c. of 0.0 1 

per cent 

1.0 

0.010 

2.0 

c.c. of 0.01 

per cent 

0.0 

0.013 

0.52 

e.e. of 0.05 

per cent 

IAS 

0.01 li 

0.04 

c.e. of 0.05 

per cent 

1.30 

0.019 

0.70 

c.e. of 0.05 

per cent 

1.24 

0.022 

O.SS 

c.e. of 0.05 

per cent 

1.12 

0.025 

1.00 

e.e. of 0.05 

per cent 

1.00 

0.028 

1.12 

c.e. of 0.05 

per cent 

O.SS 

0.031 

1.24 

c.c. of 0.05 

per cent 

0.70 

0.034 

1.30 

c.c. of 0.05 

per cent 

0.04 

0.037 

1.4S 

c.c. of 0.05 

per cent 

0.52 

0.040 

1.00 

c.c. of 0.05 

per cent 

0.40 


Add 1 c.c. K.Cr.O- reagent to each tube. Place tubes in boiling water-bath twelve 
minutes. 

CANCER, Quantitative Modification of the Bezidicn Reaction in Sero-Diagnosis of Ma- 
lignancy in Filipinos, Clemente, M. Bull. San Juan Do Bios Hosp. 8: 120, 1933. 

Blood from 55 eases recognized clinically as (a) clinically malignant, (h) clinically 
nonmalignant, and (c) normal has been tested by the modified Bendien reaction (Lowe). 
Prom the above study, the writer believes that: 

The modified Bendien reaction can indicate any proeaticerous tendency of benign tumors. 
It can diagnose the presence or absence of malignant neoplasms. 

It can prognosticate the progress of cancer cases after treatment. 

The quantitative modified Bendien reaction is of value in the diagnosis of malignancy 
in both early and advanced cases. 

Normal and nonmalignant serum give similar reactions with the test. 

It compares favorably with other blood tests for malignancy. 

RAT-BITE FEVER, Acquired Prom a Dog, Ripley, H. S., and Van Sant, H. M. J. A. 
M. A. 102: 1917, 1934. 

Two eases are reported in which the animal vector was apparently the dog. The 
following comments are noted: 

Kahn tests were strongly positive on both patients and the experimental dog that 
survived, while the Kolmer Wassermann reaction was usually negative or weakly positive. 

A patient suffering with dementia paralytica was inoculated with the spirilla and 
developed a typical lesion and symptoms of rat-bite fever. 

Flagella were demonstrated only with Burri ’s India ink method. 

The mouse proved to be a better diagnostic animal than the guinea pig. 

In one case, infection was contracted when no skin abrasion was noted, suggesting 
ease of penetration of the organism. 

The clinical course of the disease showed marked variation. 

A course of from three to six treatments with arsphenamine seems advisable. 




abstracts 

o* W Tisme Examination: The Respirator? 
ALLERGY, Recognition of the B< Aul j, Clin. Path. 4: 169, 1934. 

Tract and the Nasal Smuses, ’ mueosa of t hc entire respiratory 

There is a distinct liistopathologieal ° allergic (atopic) state. The 

tract and of the accessory nasal sinuses ^^0 conditions of asthma, hay fever and 
morbid changes are of a similar nature rCst 0 £ the respiratory tract including 

rhinitis. In asthma, m addition to the lu g , gbQW thcse m0r bid changes. This 

the nose and almost invariablythe^cssy. ^ mucoga permits recognition 

constant pathological picture of the xespuatom 
of the allergic (atopic) state involving these orga 

0 _ GES characterizing the histopathology in allergic 
summary op THE essential ctt s ^g ms AJ!D HAY fever 

1. Edema. Q f the goblet cells. 

2. Hyperplasia and hypersecre ory basemen t membrane. 

3. Thickening and liyalmization of the 

4. Eosinophilic infiltration. nativity of the mucous glands. 

5. Hypertrophy and hypersecretory edands 

6. Presence of mucus in lumen of sinus and glands. 


H1ST0PATH0L0CY OP THE YARIOUS^STAGES^OF^AlA|EROIC^SlNUSlTlS 


edema 


Acute 

stage 

Chronic 

stage 


Hyperplasia Moderate 

activity _____ 

Moderate 

•“ e ° »* to 

1 activity and 
dilatation of 1 
glandular 1 

lumina -1— 

Remission Hyperplasia Vc ^^ bt 

Little or no ny sn fe ul - 

pertrophy 
(No secretory ae- 

I tivity 


Moderate 

to 

i marked 


amount ofI 

MUCUS 1 
erate 
to 

marked 


COBLET BASEMENT 

CEDES MEMBRANE 

HypeTplasia Slightly thick- j 
TT-unprseerc- ened, granu-j to 

tory ac lar or homo- marked 

tivity ge ne ons — __ _____ 

■ H^pSiS Greatly thick- Moderate 
TT-vtiPTSBCTB' aticl ^ 

^ry ac- homogeneous j marked 

tivity 


~ (Moderately to" Little or 
apparent greatly none 

I thickened 
j and homo- 
1 geneous 


eosino- 

PHILIA 


35-90 per 
cent 


15 per 
cent 


histopathodogicad characteristics of allergic (atopic) 
SUMMARY OF THE ESSENTIAL * RESPIRATORY TRACT AND ACCESSORY NASAL SINUSES 

MUCOUS MEMBRANES or na 

1 Hypertrophy and marked secretory activity of the mucous glands. 

' SLce of large amount of mucus in lumina 
3 . Eosinophilia, from 15 to 90 per cent of all cells. 

t* Jhickcning'and'hyalinmation of the basement membrane. 

6. Hyperplasia of goblet cells with hypersecretory activity. 

Twoiho Reaction as Modified by Itchikowa, Cruz, A. Bull. San Juan He 
CANCER, The Botemo •» 

Dios Hosp. 8: 95, 1934. 

• • but a preliminary report, hence the findings may still vary as the work is 

bein/contimicd. Basing from the above data, however, we can say that: 

h the use of the modified method, thc author was able to get 91.S per cent positive 
By t in us ^ compared to 53.9 per cent positive results in the ordinary 

results in cam u ■ 

method. ^ atc eliminated by the previous correction of the serum to be examined 


results 

method. 


mCth0 j'also results arc eliminated by thc previous correction of the 
to conform with the normal serum. 
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The interpretation of results in the modified method is more accurate than the 
ordinary method, since there must be a persistent precipitate in positive cases, ami the 
tube remains clear in negative cases. 

The modified method is very sensitive for cases of carcinoma of the internal organs, 
especially carcinoma of the stomach. 

The ordinary Botelho reaction is unreliable ns a serodiagnosis for cancer because it 
gives a positive result when there is an excess of globulins in the scrum, irrespective of 
whether the serum is cancer or not. 

The percentage of albumin and globulin in cancer serum is variable. The albumin 
may be increased, decreased or normal; but the increase of globulin is found in those cases 
where there is a marked cellular disintegration in the tumoral mass or in those cases where 
the organism is greatly weakened as a result of the tumor. 

Globulin is markedly increased in infectious diseases, in malnutrition, and in immuni- 
zation. 

CANCER CELLS, In the Blood Stream, Pool, E. H., and Dunlop, G. R. Am. J. Cancer 21: 

99, 1931. 

A large, hitherto undescribed cell was found in smears of the blood in IT out of -10 
cancer cases. Apparently the same cell was found in one noncancer case. The significance 
and origin of the cell are not established. 

POLYARTERITIS NODOSA, Haining, R. B., and Kimball, T. S. Am. ,T. Path. 10: 349, 

1934. 

The term “periarteritis nodosa” does not accurately connote the morphological reali- 
ties of the disease as we now know them. Dickson suggested “polyarteritis nodosa” as a 
name for this condition which seems a more descriptive term, free of misleading implica- 
tions. 

A specific filtrable virus with a selective affinity for the small and medium sized 
muscular type arteries of the body is probably the cause of polyarteritis nodosa. Any 
organ or combination of organs may be affected at any time in the course of tho disease, 
and the resulting clinical manifestations may be bizarre in tho extreme. The visceral 
arteries are involved more frequently than those of tho extremities, and the organs most 
commonly affected are the kidneys, heart, gastrointestinal tract, pancreas, muscles, peripheral 
nerves, liver, spleen, and cerebrum. 

Pathologically the inflammatory changes are not confined to tho adventitia and 
periarterial connective tissue, as originally supposed. All tho vascular coats are eventually 
involved and the primary changes take place in the media. Destruction of the media 
may give rise to aneurysm formation. Involvement of the intirna with rupture of tho 
elastic membrane may produce thrombosis. The process as a rule is progressive and in 
practically all of the reported cases there has been evidence of acute inflammatory changes 
superimposed upon the chronic reparative efforts. However, Arkin has described 1 case 
of histologic healing and he believes that in rare instances the process may come to a 
complete standstill. 

Polyarteritis nodosa is seldom diagnosed or oven suspected before autopsy, and even 
at autopsy there may be no gross indications of its presence. The internist should be 
familiar with the cardinal symptoms of the disease and its notoriously capricious behavior. 
Then, when the commoner possibilities have been carefully ruled out in a patient with 
septic manifestations and varied symptomatology, polyarteritis nodosa should be given 
consideration. 

Carling and Hicks, and recently Schottstaedt have reported cases in which remission 
of symptoms seemed to follow the intravenous administration of arsemcals. 
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PNEUMONIA, Lobar, Artificial Pneumothorax in the Treatment of, Behrend, A,, and 

Cowper, E. B. G. J. A. Jr. A. 102: 1008, 1934. 

Eleven patients with unilateral lobar pneumonia wore treated with artificial pneu- 
mothorax to compress the affected lung, with two deaths. Neither of these fatalities could 
be directly attributed to the pneumothorax. 

The authors believe that collapse therapy is a rational form of treatment of lobar 
pneumonia, based on sound surgical principles. 

That lung tissue affected by lobar pneumonia can be compressed by air has been 
shown clinically, by roentgenograms and at autopsy. 

Artificial pneumothorax relieves the pain of pleurisy that frequently accompanies 
lobar pneumonia. 

It is possible to induce a critical fall in temperature by artificial pneumothorax. 

The authors believe that artificial pneumothorax is neither a “cure-all” nor a 
“therapia magna sterilisans, ” but it has shown itself to be a valuable adjunct in the 
treatment of lobar pneumonia and even, we feel, a life-saving measure in some cases. 

The authors have seen no complications directly attributable to the procedure. 

BNDO MEDIUM, Can It Be Standardized? Conn, H. J., and Darrow, M. A. Stain Teehn. 

9: Cl, 1934. 

The following formula is recommended: Dissolve, by boiling 5 gm. beef extract, 
10 gm. peptone, and 30 gm. air-dried agar in 1,000 ml. distilled water. Adjust the reaction 
to about pH 7.4 and filter through cotton. Add 10 gm. lactose, and allow it to dissolve. 
Place in small flasks, 100 ml. to each and sterilize for fifteen minutes at 15 pounds’ pres- 
sure. Just before use prepare a 1 per cent solution of basic fuchsia (of 85 to 90 per cent 
actual dye content) in 95 per cent ethyl alcohol. Add 1 ml. of this fuclisin solution to 100 
ml. of the agar (melted) ; also 0.125 gm. anhydrous sodium sulphite dissolved in about 5 ml. 
distilled water. The medium should be light pink while hot and almost colorless after 
cooling. 

RELAPSING PEVEE, In Children, Varden, A. E. Am. J. Dis. Child. 48: 359, 1934. 

Symptomatically relapsing fever as it occurs in California resembles the African 
form of the disease. The symptoms are much more violent than those of the European 
form, for in Europe the disease is mild unless complicated by typhus fever, which accounts 
for its high mortality in that area. In Africa the mortality is high probably because of 
complications and because the victims there arc usually in poor health, while in California 
even though the disease is usually fulminating, it is generally uncomplicated and its victims 
are persons in general good health. Prompt treatment is also a factor in the low mortalitv 
in California. 

According to Toyoda, there is a baeteriologie relation between the European and 
the American type, and there is also a relation between the European and the African 
but none between the American and the African variety. The European type is between 
tho other two. 
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EDITORIAL 


Creatine Metabolism with Especial Reference to Heart Disease 

T HE roles of creatine and creatinine in the body economy have been subjected 
to much clinical, as well as fundamental, investigation in the past few years. 
The great interest in muscle metabolism was sharply accentuated by 7 the funda- 
mental contribution of Fiske and Subbarow, 1 who discovered in living voluntary 
muscle a labile compound of creatine and phosphoric acid which was hydrolyzed 
when the muscle was activated by stimulation and resynthesized when the 
muscle recovered at rest. At about the same time the Eggletons 2 reported the 
finding of a very unstable form of organic hexose phosphate, a phosphoric ester 
of glycogen or a precursor of both lactic acid and laetacidogen. This phosphagen 
played a role, they found, in the chemical mechanism of contractility, and it is 
now considered to be phosphoereatine. Fiske and Subbarow considered the 
pliosphoereatine to consist of one molecule of creatine and one of phosphoric 
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i it ,„i >n iKr ilu* secondary potassium salt. Hus 
acid and to exist m the muscle cc * , J , w pi, increasing velocity 

i» relatively stable in an alkal.no med.u.n, but hyd e l>*s » t „ 

» llio hydrogen ion coneentmUon n» 1 » ^ 

i.npovtnnt contributions to this sub- 

jeetf Yollmcr* found phosphocreatinc in much higher ^ 

tricular heart muscle than in the auricular muse c an 1 • ■ Bollman® 

of the total creatine content of the heart. Pollack, ™ ^ ^ £££. 

found increasing values for phosphocreatinc m tie pci • ° insulin added 

lung preparations perfused with blood alone and with glucose and insulin ae de . 

With the establishment of the important role of creatine m muse e metabo- 
lism, renewed interest in the origin of the substance has been ed . The 

various amino acids, as the chemically related arginine ^hishdm^nc, 
glutamic acid, and others have been tried with varying, but no l ™’ 

success. Thus far no certain precursor of creatine has been M J . thj 

lished to the satisfaction of the accepted critics among the biochemists 
field. Many studies along these lines are being vigorously piosecuted. 

CLINICAL METHODS OF STUDY 

Evidence of disturbances in the ereatine-ereatinine metabofem may be ob- 
tained from carefully controlled studies of the blood and of the daily output 
in the urine. The modified Polin' 1 method, which depends upon the Jaffe reddish 
brown color reaction of creatine to an alltalimscd pure pteno aetd solntot , ta 
Generally employed. One determination ot the endogenous creatme m a 2 to 10 
cc specimen is made and subtracted from the total creatme determined m an 
equal 2 to 10 c e. specimen of urine in which the creatine has been transformed 
to creatinine bv hydrochloric acid and autoclaving for fifteen minutes. A similar 
technic is used for determining creatine and creatinine m the blood filtrate and 
in a sulphuric acid digestate of wet muscle or tissue. 

Creatine does not occur in the urine of normal, healthy, well-fed adults, but 
it is to be remembered that in the extremes of life (childhood and senescence), 
and in starvation, febrile states, acidosis, diabetes mellitus, exophthalmic goiters, 
liver diseases, muscular dystrophies, cancer, wasting diseases, and in pregnancy, 
the excretion of unstored or unconverted creatine occurs. Creatinuria is there- 
fore significant only under controlled conditions and especially where there is an 
insured high carbohydrate intake. 

Creatinine is a normal urinary waste product of endogenous protein metabo- 
lism It is the converted anhydride of creatine. Creatinine elimination is more 
or less constant for the same individual in normal activity irrespective of fluid 
or food intake as long as these are adequate and balanced. The creatinine 
coefficient is the number of milligrams of creatine excreted in the urine in twenty- 
four hours per kilogram of body weight. In man this varies from 18 to 32, 
with an average of 25; in women, 9 to 20, with 18 as an average. On rest in 
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bed we have found in disease as others have noted in health that the creatinine 
output decreases sharply and almost disappears. N'o reason for this is apparent. 

Blood creatine and creatinine studies are being more vigorously prosecuted 
now that the new interest has been aroused in the subject. Creatinine has long 
been recognized as an index of the grade of glomerular damage. There is some 
dispute as to the presence of these substances normally, but in spite of these, 
figures of 4 mg. per cent of creatine and 1 to 1.8 mg. per cent of creatinine are 
given and blood creatinine values above 2 mg. per cent are considered to indicate 
abnormal retention. 

CLINICAL IMPLICATIONS 

The reports of Brand 7 and his associates in patients with skeletal muscle 
dystrophies have given further impetus to human creatine-creatinine metabolic 
studies. In such patients there is either an excessive liberation of creatine, 
incomplete conversion into creatinine, or incomplete storage, and creatine ad- 
ministered or formed is eliminated in high percentage. In such experiments 
glveocoll (amino-acetic acid) was found to increase the ereatinuria 40 per cent, 
with only slight urinary nitrogen rise. Alanine, sareocine and arginine produced 
slight rises and betaine a temporary rise, while glutamic and nucleic acids, 
histidine, tyrosine and cystine were without influence. Others have confirmed 
these findings and added to them. Glyeoeoll has apparently produced chemical, 
as well as clinical, improvement in some muscular dystrophy patients. The 
increased ereatinuria alone cannot be accepted as proof that glyeoeoll is a pre- 
cursor; it may be primarily a mobilizes 

Creatinuria was found in most of our patients with acute coronary throm- 
bosis and in a large percentage of the patients with acute congestive failure. 
This was considered to be significant and probably the result of the general 
anoxemia and the acidosis. Starvation may have been a factor, but a high carbo- 
hydrate cardiac diet failed to eliminate the ereatinuria entirely. In most patients 
it gradually cleared up with rest in bed and digitalization. In some, glyeoeoll 
hastened the clearing of the urine of creatine. Under such circumstances it 
may have been the carbohydrate value that was the factor. In others, ereatinuria 
persisted or cleared up for a day or two and reappeared. In a large series of 
patients followed day in and day out for months, the results show so many 
unexplainable irregularities that conclusions cannot be drawn. 

The extensive studies of skeletal muscle chemistry have inaugurated anal- 
ogous studies of heart muscle, for most students of cardiac disease have long 
felt that “failure” must be chemical rather than mechanical. The large red 
beefy heart that autopsy often reveals in hypertensive patients who have died 
in congestive failure cannot be satisfactorily explained on the mechanical basis. 
Cowan 8 has supplied evidence that, supports the contention that chemical changes, 
in fact, creatine changes, may play an important role in failure of the heart. 
In his series of seventeen decompensated hearts, the creatine content averaged 
147 mg. per cent moist weight (79.47 per cent water), 50 mg. or 25.S per cent 
less than the values obtained in the analyses of a normal series of 48 hearts 
averaging 202 mg. per cent moist weight, while fifteen hearts from patients with 
miscellaneous causes of death contained 165 mg. per cent. Septicemia, sex and 
age showed no influence on the creatine content of heart muscle. Cowan also 
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showed that the eavdiac hypertrophy induced by nutritional anemia was accom- 
panied by increases of creatine with increase in muscle mass, but (lie mass 
increases faster than the creatine, lie found, however, that thyroxin feeding 
increased the muscle mass, but resulted in a loss of creatine. 

Seceof, Linegar and Myers® have demonstrated that the left heart has a 
higher content than the right ventricular wall. In 84 human hearts the mean 
was 1SS, the average 211 mg. per cent. The left ventricle averaged 21.9 per cent 
higher in creatine content than the right ventricle. Such studies as these strongly 
suggest that the functional capacity of the heart muscle is closely bound up with 
the total creatine content. 


In a series of 12 dogs, kept on a ereatine-creatinine-free diet for periods of 
several days to a week and showing no ereatinuria, we 30 produced myocardial 
infarction by catheterization of the coronaries through the carotids and the 
injection of varying sized globules of mercury. These operations were carried 
out with a minimum of trauma, and the animals were fed a high carbohydrate 
solution by stomach tube in order to prevent starvation. A ereatinuria invariably 
resulted in two or three days and lasted for about a week. Evidently the circula- 
tory changes brought about in these experiments contributed toward the pro- 
duction of a ereatinuria. Chemical analyses” of the infarctecl and the normal 
heart muscle showed a sharp drop in glycogen in the infarcted muscle imme- 
diately following the infarction, apparently the result of the anoxemia, Edema 
detectable by a drop in total solids began to appear in the infarcted muscle 
within half an hour. The creatine loss in the infarcted muscle was slight 
until after the fifth hour of infarction after which diffusion from the damaged 
muscle was considerable and increased slowly. Analyses of infarcted human 
heart muscle showed similarly low creatine values. 

In our further studies we 11 ’ 12 made use of the isolated living rabbit heart and 
perfused it with an oxygenated Einger-Locke solution in which the pH was 
maintained at about 8, the carbon dioxide being washed out by suction. To the 
perfusate various amino acids were added, as glyeocoll and alanine in 100 nw 
per cent concentration, creatine, arginine, methyl guanidine, aspartic acid, and 
glutamic acid in 30 mg. per cent solution. Experiments were continued for six 
to ten hours and the hearts, when they had failed and were just responsive to 
electrical stimulation, were cut down, divided and analyzed for total creatinine 
most of which, of course, is creatine content. 


A control series of hearts that had been perfused for a minute only, lon<>- 
enough to remove the blood, showed values from 144 to 161, with an average 
of 153 mg. per cent. The hearts perfused with the Ringer-Locke solution -ave 
values of 123 mg. per cent, and most of the other amino acids gave only 
slightly higher values, some of which reached the control levels. Alanine and 
alanine- with-methyl-guanicline, however, gave total heart muscle creatine 
values distinctly above the controls. This work, of course, requires further 
confirmatory studies. 

While matters are still in the experimental stage and nothing can be accepted 
as proved, nevertheless the held warrants farther and intensive tilling w P 
possibly be on the threshold of significant discoveries. At any rate the evidence 
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at hand is sufficient to justify the conclusion that chemical factors, most likely 
those concerned with creatine as well as glycogen metabolism, probably play an 
important role in cardiac failure. 
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Item 

American Society of Clinical Laboratory Technicians 

The third annual convention of the American Society of Clinical Laboratory Technicians 
null be held at Haddon Hall, Atlantic City, N. J., June 10, 11, and 12. An unusually interest- 
ing program has been arranged and all clinical laboratory technicians, whether members of 
the society or not, are cordially invited to be present. 


Errata 

On page 708 of the April issue, the author’s name should read: “James J. Short, 
M.D., F.A.C.P., New York, N. Y.,” and the first paragraph of the footnote should read: 
“From the Laboratories of the Life Extension Institute, New York,’’ omitting the remainder 
of the sentence. 
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CLINICAL AND EXPERIMENTAL 


OBSERVATIONS ON THE AUTONOMIC CONTROL OF 
CARDIAC VASCULATURE* 


Attempted Vagus and Sympathetic Overaction on Cat’s Heart 


Harold F. Robertson, M.D., and Arthur J. Derbyshire, A.B., 

Boston, Mass. 


OEVERAL investigators have demonstrated that it is possible to anastomose 
a somatic motor nerve to an autonomic nerve and have the somatic fibers 
grow into the autonomic sheath. 1 - 2 That such growth occurred was shown by 
physiologic responses in the organs connected with the affected innervation when 
it was stimulated, and after the death of the animal by histologic examination. 
In only one series of experiments however were spontaneous anatomic and 
physiologic changes produced. Cannon anastomosed the caudal end of the 
cut phrenic nerve of the cat to the cephalic end of the cut cervical sympathetic 
cord. 2 Changes developed similar to hyperthyroidism presumably by overaction 

of the sympathetic end-organs in the thyroid gland. 

The object in our experiments was to test the ability of similar nerve anas 
tomoses to activate appropriate end-organs when phrenic impulses and phrenic 
fibers could be shown conclusively to have extended toward the region of the in 
volved end-organs op ganglia. To determine that the phrenic fibers had gro™ 
toward these regions we tested the nerves path modem eleetrical apparatus for 
the electrical phenomena that accompany their nerve impulses, and later checked 
these findings by histologic study. In the event of signs of activity develop ™ 
weplanncd to produce at w,n certain ehanges in the organs affected andtoS 
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their activity by appropriate sutures. Because of our interest in cardiac circu- 
lation we chose the cardiac autonomic innervation as the field for experimenta- 
tion. “We hoped, at least, to cause tachycardia with vascular dilatation of cardiac 
vessels by phrenic-sympathetic anastomoses, and bradycardia with vasoconstric- 
tion of cardiac vessels by phrenic-vagus anastomoses. 

Besides the evidence presented by Cannon there have been, from time to 
time, reports on the effects of sympathetic overstimulation produced however by 
means other than nerve anastomoses. Von Beehterew, among others, demon- 
strated that sympathetic irritation led to vascular spasm and endail critic changes 
in the region supplied by the affected nerves. 3 ’ 4 

Recently Adamson and Aird, by cutting the sacral outflow in cats, produced 
changes in the bowel similar to Hirschsprung’s disease, the result apparently of 
unopposed sympathetic activity. 5 Though investigators have cut one or other, 
or both, the autonomic outflows to the heart with no noticeable pathologic change 
in the heart muscle, and no change in the vasculature, we repeated this procedure 
in some cats. We also, in some of the nerve suture experiments, cut the 
antagonistic nerve supply to the heart on the grounds that any effects of over- 
stimulation would be amplified. 


METHOD 

Our preparations were as follows: In a series of cats unilateral or bilateral 
anastomosis was done between the cephalic end of the cut phrenic nerve, or one of 
its roots, and the caudal end of either the sectioned cervical sympathetic trunk or 
the sectioned vagus nerve or the cephalic end of the cut thoracic sympathetic 
chain. The opposing innervation to the heart was eliminated in a few cases. In 
both the case of the caudal eud of the cut vagus nerve and the cephalic end of the 
cut thoracic sympathetic chain, most of the fibers are cut distal to their nuclei, 
and therefore degenerate since they are connector or preganglionic fibers with 
nuclei in the brain stem and cord respectively. This leaves room for ingrowing 
anastomosed fibers. In the case of the caudal end of the cut cervical sympathetic 
cord, however, the fibers are mostly postganglionic or effector with nuclei in the 
stellate ganglion and survive leaving, in theory, no opportunity for the ingrowth 
of phrenic fibers. Moreover it has been held that anastomoses should be made 
only to autonomic nerves containing a preponderance of preganglionic fibers 
such as the vagus nerve contains, rather than to nerves with a majority of post- 
ganglionic fibers as in the cervical sympathetic cord. 6 The nerve sutures were 
done with a fine eye needle and the finest silk thread. No suture was done under 
tension. 

In other eats unilateral or bilateral division of either or both the sympathetic 
or parasympathetic innervation to the heart was carried out, the principles laid 
down by Cannon being followed with care so that all fibers to the heart were 
actually divided. 7 

The preparations thus secured were studied by taking frequent pulse counts, 
and watching cardiac reaction to fear, rage, atropine, and to asphyxia. 7 One 
mjo-ht have expected, if the vagus end-organs in the heart were stimulated by 
anastomosis of the vagus to a rhythmically discharging nerve such as the phrenic, 
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that the heart would be slowed rhythmically or permanently and that fear and 
rage would have little speeding effect on the rate while atropine would allow 
the heart to speedup especially if adrenaline secretion were stimulated by fright 
or rage. Asphyxia from its earliest stages should greatly slow the hcai t but 
atropine should allow escape from this effect or prevent it. Conversely if the 
sympathetic end-organs of the heart were stimulated by phrenic impulses the 
heart should be more rapid than usual, fear and rage should increase the rate 
of beat and atropine should allow still further increase in rate. Asphyxia should 
greatly speed the heart, atropine perhaps accelerating the effect. In those cats 
where, besides nerve suture, denervation of the opposing system was carried out, 
inhibitory or stimulatory effects of the excised system on the heart’s reaction to 
phrenic stimulation would of course be lacking. In the group that had the para- 
sympathetic system, the sympathetic system or both systems removed reactions 
to fear or rage and atropine were useful in determining the presence or absence 
of fibers of either system. Whenever the chest was opened the heart was usually 
thoroughly inspected. The progress of the growing nerve anastomoses was fol- 
lowed by exposing the vagus or sympathetic nerves in cither the neck or the chest 
and testing them for phrenic nerve impulses by a special technic which we 
describe under our observations. 


OBSERVATIONS 


To follow the progress of the anastomosed nerves along their new sheaths 
we used a voltage amplifier called the “Neurophone” (Fig. 1). It was possible 
by this means to detect phrenic nerve impulses without disturbing the nerve or 
its sheaths. The neurophone consists of four stages of transformer coupled 
amplification that are run by batteries contained in the same steel case. The 
output of this amplifier feeds two more stages of amplification and a loud-speaker 
in a separate steel case for audibly detecting the responses. This power stage 
can run on either alternating current or direct current. These two portable 
units were built by Mr. E. L. Garceau, in the Laboratory of Physiology, for use 
in operating rooms to examine the action potentials of nerves and muscles. 8 The 
amplifier can detect inputs of about three microvolts. 


For the particular purpose of recording the action potentials of the phrenic 
nerve or the potentials of phrenic fibers that had regenerated into the sheath of 
either the sympathetic or the vagus nerves in the neck or chest, it was necessary 
to combine high sensitivity with good shielding. Sensitivity was necessary in 
order that impulses might be recorded from fibers with small diameters, such as 
those of regenerated nerves, since the action potential is proportional to the cross- 
section of the nerve fiber, and in order that the sheath around the nerve would 
not have to be removed or disturbed with consequent interference with the 
regeneration of the nerve fibers. 0 From a series of acute preparations of the 
cat’s phrenic nerve it was found that the farther apart the ground lead and the 
differentiated lead were placed, up to 1 cm., the better were the responses ob- 
tained. In the chest it was found that the E. K. G. was the main source of inter 
ferencc and an adequate shield from this disturbance had to be provided In the 
neck as well as in the chest the spread of the action potentials of the muscles of 
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respiration was a confusing component that had to be completely eliminated if 
definite results were to be obtained. 

We were finally able to avoid these forms of interference and still obtain 
enough sensitivity by the use of a special type of electrode suggested to us by 
Dr. Hallowell Davis (Pig. 2, 1). This consisted of a thin silver plate about 6 mm. 
wide that was bent in the shape of the letter J. The inner side of the curve was in- 
sulated with a baking varnish, and a piece of silver wire placed on this varnished 
surface was baked in place. The silver wire was connected by an adapter to the 
grid of the first tube of the neurophone through a sterilizable shielded cable. 
The shield of this cable was continuous with the flat silver plate of the electrode 
and was led to the ground of the amplifier. The baking varnish was scraped 



Fig. 1. — The neurophone. Input and amplifying circuit, left; loud-speaker, right; sterilizable 

cable and electrodes in foreground. 


away from the outer edges of the bent silver plate and from the silver wire 
in the center. The electrodes thus prepared were sterilizable. The exposed 
nerve with its sheath intact could be placed upon this electrode without inter- 
ference with either its sheath or its connections. The nerve made three contacts; 
the first one to the silver plate; the second to the differentiated lead to the grid 
of the first, tube; and the last to the silver plate again. Extraneous electrical 
disturbances which travel along the surface of nerves, such as the E. K. G. and 
the spread of the action potentials originating in the respiratory muscles, were 
shunted through this ground plate and not recorded. The potentials developed 
by the nerve fibers, however, were recorded as differences of potential between 
the silver wire in the middle of the electrode and the points of the nerve touch- 
ing the silver plate. 
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Tlie proof that this electrode was reliably shielded depended upon many 
cases in the normal cat in which nothing was obtained from the normal sym- 
pathetic nerves in the neighborhood nor from a strip of connective tissue that 
was left connected to the animal body, at both ends, and yet the phrenic nerve 
gave audible responses correlated with respiration. Moreover similar tests were 
carried out in the cats in which the phrenic nerve had been anastomosed to the 
sympathetic or vagus nerve. In these too we found that extraneous impulses 
were not reproduced by our amplifier. The fact that impulses, synchronous 
with respiratory and cardiac rhythms, have been demonstrated in sympathetic 
and vagus fibers coursing toward the heart was kept in mind. 10 In several acute 
experiments on cats we found that the neurophone did not pick up such im- 
pulses though at the same time the characteristic normal phrenic impulses were 
heard very well. Impulses were also detected in the normal vagus nerve during 
the inspiratory phase of artificial respiration especially if excess inflation oc- 
curred. The same impulses were not heard during spontaneous respiration. They 
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Fig. 2. — Electrodes used with the neurophone, a. Ground lead ; b, differentiated lead 
(dotted line). 1 , Moderate sensitivity, excellent shielding: and selectivity. This electrode was 
round best for our purpose. 2, Very sensitive, good shielding and selectivity, but hard to place 
on the nerve. 3 , Fairly sensitive, poor shielding. Shielding and’ selectivity good, but needle 
could not be forced into small nerves well. 


were interpreted as afferent vagus impulses arising from the lung and respira- 
tory passages. We were certain that impulses other than those of the phrenic 
nerve, but perhaps capable of resembling them, would not confuse our observa- 
tions. In numerous instances, when typical phrenic impulses were found both 
above and below the level of the nerve suture in such a preparation histologic 
examination confirmed the presence of healthy nerve fibers growing in the 
anastomosed nerve sheaths. 


We tried other forms. of electrodes but for various reasons they were found 
inadequate. These electrodes are all shown in Fig. 2. The electrode shown in 
Fig. 2, 5 was found to be sensitive and to shield out the extraneous activity but 
the wires were too flexible and were hard to place under delicate nerves The 
electrode in Pig 2, 3 lacked good shielding but was good in sensitivity' Due 
to the amount of E. K G. and muscle action potentials picked up this eleetrode 
was discarded. Finally the fourth t 3 q>e gave so much selectivity and shield' 
that the phenomena of the non. could not he detected. S 
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onty be used if it was introduced into the nerve through the sheath. This pro- 
duced so much damage that it was not serviceable. 

We can summarize our technical procedure by describing the limitations of 
the method. The noise level of the amplifier at about 2 p determined the limit 
of the overall sensitivity that could be obtained. The potential changes detected 
from regenerated nerves are small because first, the potential developed is 
directly proportional to the cross-section of each fiber, and second, the sheath 
of the nerve shunts much of the potential change. These conditions require 
sensitivity of detection. Finally we could not use as great a separation of 
ground and differentiated leads as desirable since it was not always convenient 
to expose the required length of nerve. The method is not as sensitive as de- 
sired, but for the present we are content with being certain that such responses 
as we have obtained are definitely those of the nerve fibers in question. 

With such a technic we have little difficulty in deciding whether certain 
portions of nerve sheath contained phrenic impulses. Six animals in which 
nerve suture was done gave positive evidence of successful anastomoses. Care 
had to be taken during tests that the nerve was not subjected to tension and that 
the sheath was not traumatized, otherwise the nerve might be thrown into a state 
of temporary block and no result obtained. In several animals with phrenic 
nerve anastomosed to vagus, normal phrenic impulses were picked up as far 
caudally as the aortic arch, and in one cat with a phrenic sympathetic suture 
phrenic impulses were followed along the cardiac fibers from the stellate ganglion 
toward the heart. Histologic section as mentioned above confirmed electrical 
findings in many instances. 

Though some of the cats have now lived for over a year with successful nerve 
anastomoses no gross anatomic change has taken place.* In numerous autopsies 
on cats with either successful nerve sutures or on cats whose cardiac innervation 
had been interfered with by some other method no histologic change was noted. 

In the cats with nerve anastomoses and in those with section of some part 
of the cardiac innervation there was no physiologic evidence that sympathetic or 
p ar a sym p atheti c end-organs were overactive. Fear or rage, and atropine, in the 
ease of the simple denervation experiments produced no unusual reactions other 
than those already outlined by Cannon and others as seen when vagus, sym- 
pathetic or complete cardiac denervation is done. 7 In the cats with nerve 
anastomoses alone or anastomoses in conjunction with denervation of the op- 
posing system no evidence of sympathetic or parasympathetic overaction was 
found by the production of fear or rage, asphyxia, or the use of atropine, and 
so, although phrenic fibers had undoubtedly grown into the vagus and sym- 
pathetic sheaths, no effect on the respective end-organs was discovered by the 
physiologic tests employed. 

•Two cats with successful phrenic-vagus anastomoses and one cat with successful phrenic- 
cvmnathetic anastomosis have (at time of publication) now been observed for over two years. 
tA 'ill three phrenic impulses couid be traced electrically as far caudally as the aortic arch 
nionc the anastomosed vagus or cardiac sympathetic nerve sheaths. There »s no evidence of 
anatomic or phvsiologic change in the hearts of these animals. 
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SUMMARY 

In cats anastomoses between the phrenic and the vagus or the sympathetic 
nerves were done unilaterally or bilaterally and by electrical tests active phrenic 
fibers were shown to have grown past the point of anastomosis toward the heart. 
The electrical findings were confirmed by histologic studies. Though no effects 
on appropriate end-organs and associated viscera have been demonstrated, it 
must be remembered that in previous reports the commencement of such effects 
was often delayed well over a year. Therefore such cats as we have left are 
being carefully followed in the hope that, later on effects will be established.* 
Our ineffectual efforts to create anatomic changes in Ihe heart and its vessels 
by section of the sympathetic or parasympathetic cardiac fibers in an attempt 
to produce autonomic imbalance, correspond with previous observations in similar 
procedures on the heart. The technic of testing our nerve preparations provided 
a good example of what may be done in the field of neurosurgery with modern 
electrical apparatus; it is likely in the future to undergo still further develop- 
ment to the advantage of those who wish to define nerve tracts and study their 
activity. 

We wish to thank Dr. Hallowell Davis whose suggestions concerning the electrodes and 
the amplifier have been indispensable. 
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THE VALUE OF THE TAICATA AND ARA REACTION AS A 
DIAGNOSTIC AND PROGNOSTIC AID IN CIRRHOSIS 
OF THE LIVER* 


Alex B. Ragins, M.D., Chicago, III. 


INTRODUCTION 

T HE mercury sublimate, diamond fuchsin test was first introduced in 1925 
by Takata 1 as a laboratory test for differentiation between lobar pneumonia 
and bronchopneumonia. That same year Takata and Ara, 2 working on spinal 
fluid, introduced a modification of the test, thus affording a differentiation be- 
tween the syphilitic and meningitic types of spinal fluids. Many German in- 
vestigators 3 utilized the test for the determination of syphilitic meningitis with 
fairly good results. In this country, Monias,'* in 192S, introduced the Takata 
and Ara test, commenting favorably as to its accuracy and simplicity. 

Staub 5 mentioned the application of this test as an aid in the diagnosis of 
liver cirrhosis. In 1929, Jezler 0 utilized tins test on blood serum and found 
that it would produce a flocculation in a great majority of instances where 
patients were suffering from cirrhosis of the liver. Jezler 7 again successfully 
carried out the test but with more detail and with some modification. Other 
investigators, Oliva and Pescoroma, 8 Skougc,® Crane, 10 and Hugonot and Sohie, 11 
tried it with convincing findings. 


METHOD 

During the last year I have tried the test on 276 patients, using the Jezler 
modification which is as follows. The reagents required are a 0.9 per cent solu- 
tion of sodium chloride, a 10 per cent solution of sodiiun carbonate, a 0.5 per 
cent solution of mercuric chloride, and a 0.02 per cent solution of diamond 
fuchsin. All these solutions are made with double distilled water. 

A series of eight Wassermami tubes of the same diameter, rinsed in double 
distilled water and carefully dried, and each containing 1 e.c. of a 0.9 per cent 
saline solution, are set up. Then 1 c.e. of blood serum (nonhemolyzed and not 
more than twenty-four hours old) is added to the first tube. After the contents 
of this tube are well mixed 1 c.c. is pipetted off and placed in the second tube. 
Then, 1 c.c. is withdrawn from the second tube and placed into the third. This 
procedure is repeated with the remaining tubes, and the last cubic centimeter 
is discarded. The final set-up then consists of eight tubes containing serum in 
the dilutions from 1:2 to 1 :256. To each of the tubes 0.25 c.c. of a 10 per cent 
solution of sodium carbonate is added, and the contents are well shaken. Im- 
mediately afterward 0.3 c.c. of a freshly prepared Takata and Ara reagent, 

•From the Department of Pathology, Cook County Hospital, Dr. K. H. Jaff<5, Director. 

Received for publication, September 26, 1934. 
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containing equal parts of a 0.5 per cent mercuric cliloridc and 0.02 per cent 
solution of diamond fuelisin, arc added to eacli tube, and the rack is shaken 
thoroughly. This completes the procedure. 

Headings arc made immediately after, then one-half hour after, and twelve 
to twenty-four hours after the completion of the test. A positive Takata and 
Ara reaction is characterized by a flocculation occurring in the tubes having a 
dilution from 1 :1G through 1 :64; that is, flocculation must occur in at least these 
three tubes in order to have this considered a positive test. Jezler 7 claims that 
the strength of the reaction occurs at the time of flocculation. A three-plus 
T. A. R.* is present when flocculation occurs immediately, a two-plus T. A. R. 
is present when flocculation occurs one-half hour after the test is carried out, 
and a one-plus T. A. R. presents itself when flocculation occurs twelve to twenty- 
four hours after completion of the test. Plus-minus reactions are considered 
when questionable flocculations occur after twenty-four hours. In my series of 
cases, however, I found flocculation occurring immediately after completion of 
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Fig. 1. — Dotted line shows color changes in a normal serum. Solid line shows flocculation curve 

in a positive T, A. R. serum. 

the test in all my positive cases, with very little, if any, change in the flocculation 
after twelve to twenty-four hours, and I was led, therefore, to classify the 
strength of the T. A. R. on the basis of four-plus, three-plus, two-plus, one-plus, 
plus-minus, and negative, depending upon the heaviness and amount of the 
flocculations that occurred. 

The colors produced in a series of test tubes, especially in the negative 
T. A. R., are invariably constant. The first tube has a red to a reddish pink 
color. The second and third tubes are pink; the fourth, purplish pink- the fifth 
purple; and the sixth, seventh, and eighth tubes, steel blue (see Pig. 1). 

Nicole 12 has shown that blood serums will persistently give this curve and 
even in spinal fluid where blood serum is present such a curve will manifest itself 
This curve, according to Nicole, is due to the albumin concentration in the 
serum. 

RESULTS 

In tins scries of 276 case, the clinical diagnosis was used as a basis for 
classific ation of tlic diseases and wherever possible was substantiated by post. 

•T. A. n„ tl.o abbreviated form or Takata and Ara reaction. 
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mortem examination or surgical biopsy. The cases were classified into fourteen 
main groups (Table I), with cirrhosis of the liver heading the list. 

Of fifty-nine cases* diagnosed clinically as cirrhosis of the liver, forty-five 
cases gave a four-plus T. A. R. in the blood scrum, four cases gave a three-plus 
T. A. R., three eases a two-plus T. A. R., and two cases a one-plus T. A. R. Three 
cases gave a plus-minus T. A. R. and two were negative. 

In this group twelve of the eases were confirmed by postmortem examination 
or surgical biopsy of the liver. In one case, with a four-plus positive T. A. R., an 
exploratory operation of the abdomen was performed, and a large quantity of 
serosanguineous fluid was found. The liver, spleen, and kidneys were found to 
be grossly normal. Unfortunately, a biopsy of the liver was not taken, thus 
making impossible absolute proof of a cirrhotic process of the liver in this 
patient. In two of our autopsied eases primary carcinoma of the liver was found 
to be associated with cirrhosis of the liver. 

In some cases of cirrhosis of the liver additional T. A. R. tests were carried 
out in ascitic fluid and pericardial fluid. With one exception, these were found 
to be positive. Ten cases of ascitic fluid were tested, nine of which gave a posi- 
tive T. A. R. and one a negative T. A. R. One of pleural fluid gave a positive 
T. A. R, 


As to the number of cases in the cirrhosis scries with a positive T. A. R. 
that showed evidence of hepatic decompensation, 46 arc enumerated in Table I. 
One case had ascites with a negative T. A. R. 

Chronic consumption of alcohol was admitted in 43 cases with a positive 
reaction and in two patients with a negative reaction. Of the remaining thirteen 
cases a history of alcoholism was either not obtained or denied. 

As to the mortality rate, 32 patients who bad had a positive T. A. R. had 
died during the course of observation, a. period of ten months. Two positive 
T. A. R. cases were sent home, and the eight remaining cases of the series are still 
in the hospital at this writing. 

Other tests were run wherever possible, but although not in any manner 
complete, are still sufficient to compare with the T. A. R. Of all tests in cases 
of liver cirrhosis, the icteric index showed a marked parallelism with the T. A. R. 
Thirty positive cases showed an increased icteric index; four positive cases were 
normal. One negative case showed a high icteric index. As to the urea nitrogen 
of the blood serum in these cases, twelve positive T. A. R. cases showed an increase, 
and nineteen positive cases were normal, thus denoting that urea nitrogen is not a 
valuable adjunct in indicating liver damage. Of the two negative cases one 
showed an increase in urea nitrogen, and one was normal. 

Of the fourteen eases of acute hepatic insufficiency other than cirrhosis of the 
liver, there were three cases with a three-plus positive T. A. R., and two cases with 
a plus-minus positive T. A. R. All these five patients improved and were sent 
home. Two of the three-plus cases were patients suffering from acute hepatitis 
and one from acute yellow atrophy. The two plus-minus positive cases were 
patients with acute hepatitis. 


•In five cases T. A. R. tests were carried out on postmortem serum, and the reactions 
were no different from that of the serum of living- patients. Skouge' has shown that tests in 
postmortem serum can be successfully carried out, provided the blood is not hemolyzed and 
the serum does not contain too much fat. 



Table I 


RAGINS: TAKATA AND ARA REACTION IN CIRRHOSIS OF LIVER 


905 


Z, M < 

£ ^ 

aasvauoNi 

■MOO 

CJ 

CJ 

LO 

CO 

rH M 

tH 

tH CO 

© 

CJ 

ii 

I M 

*IVKUOK 



H 


Cl 

Cl 


CO 

00 

«2 j 

O3SV3R0NI 

© co 
-o 


i-i 

Cl 



rH 

Cl 

o 

«o* 

g g h 











»h £ o 

'IVJVUON 

f 



CO 




rH 

00 

UREA 

nitrogen 

IN 

negative 

T.A.R. 

TVJVHON 

H rH 

tH 

H 

CO 

CO 

tH l> 


CO 

rH 

CJ 

aasvaaoNi 

r-i CJ 


CO 

t- 

tH C~ 

Cl 00 

Cl CO 

CO 

to 

UREA 

NITROOEN 

IN 

POSITIVE 

T.A.R. 

avrcnoN 

Cl 

H 

rH 


Cl 



■*r 

rH 

t- 

C1 

aasvayoNi 

N Cl 

H 


rH 

CO 

tH 



CJ 

Ifi 

Cl 

to 

a 

‘U*VU 'D3N 

iH 


rH 

CJ 

■v 

co ”*r 

rH 


© 

rH 

V 

03 

< 

TITI *SO<I 

CO 

~r 


rH 

in 

rH 

Cl 

rH 

rH 

t- 

1ft 

J* *J 

K O 

gt-25* 

'HTI *D3N 

CJ 1ft 

tH 

»H 

t- 

ft 

co c- 

rH 

tH O 
rH 

»ft 

K°ow 

S ^ ~ 

'HTI *so<i 

-r f-i 
-r 


Cl 


rH 

r- 


CD 

•o* 

CD 

d 

o < ** 

.j E 2 jr 

•ovia vna 



«°e 5 

C* & Q ^ 
* w £ 

5 

•OVia \JN0D 

tH 


CJ 

m 

rH rH 

Cl co 

CJ CJ 


CD 

CJ 

CO 

.Hf; c 

•ovia *aia 

iH 







rH 

CJ 

s§": 

-• & O * 
* W 55 

fc 

•ovia -3N00 

CJ 

rH 


CJ 

tH 



rH 

rH 

c— 

O 

O n Q 

gas? 

p t< 

« 1 3 
H® 2 ' 

H 

HAliVOaN 

Cl CJ 

, Cl 


CO 

O CO so 
rH rH 

OCJ 
rH H« 

o oo 

CO uo 
eo 

CJ 

CD 

tH 

5 

2 aAiiisoc 

j 

‘S'" 

r-I 

CO 

tH 

rH 

CO Cl 

rH CJ 

rH OO 

rH Ci 

■H* 

rH 

*H 

sasvo ao ‘on 

C3 

W H 

L. 

CO 

t— 

O 

CJ 

oucc 
rH rH 

rH H- 
rHU3 

©SO 
rH tH 

-J- -f 
■H* 

CD 

C- 

CJ 


g 

CJ « 

c Sc 


o~ £ 
G’Srt 

t-i ^ © 

O —"' 

l=-H-g 2 

'Sei- 


|? 

s » 

'I? 

5 w 

— 3 o 

cS *-* « 


C. w 
SJ 2 _ S) 

pit 

t; = g. 

be 


2 

see 

Cfclg 

*5 

< 


HE 

g'S 

2 § 2 

c o 

3 °i > 

~8= 

£■5° 

§£ g 

COO 

.tc P c 


o 

03 

C5 

>>i2 
o ►— 
C ~ 
2 CJ 


03 ra . 

,SfiC 

O w O 

eg u 
s ft *. 

C 2 
tCvt-S 
^03 
*r u 
D. pj o; 
„ rt « 

1 H: 


>> 

O 

c c 

2 cs 

! <nX . 

.5«5 

' 2- o 

S 

"°§§8 °_ 

c 03 Id-rtmO 


*c 

c 

C5 

!o 

03 .S 

w 2^c 

C « r- 3 


•Four cases of ascitic fluid tested. 
tOne case of pleural fluid tested. 
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Skouge 0 speaks of several cases of acute hepatic insufficiency which had 
positive T. A. R.'s during the active stage, and these positive reactions were 
negative when their conditions improved. The remaining nine cases were those of 
acute hepatitis, and all were negative. One of the two negative cases that died 
was autopsied. This case also gave a negative T. A. R. on the postmortem blood 
serum. At autopsy there was evidence of a severe acute hepatitis. 

In eleven cases of this series, the icterus index was high, and of the remaining 
three no laboratory data were given. 

In three eases of liver damage due to arsenical or industrial poisonings, only 
one case gave a strongly positive reaction. This man was being treated for 
syphilis two years after the infection, and following the first injection of 
arsplienamine, he developed a diffuse erythema, which was at first diagnosed 
as scarlet fever, but the erythema was soon replaced by a marked jaundice and 
coma. At that time his T. A. R. was a decided four-plus. At a later date, it was 
still a strong four-plus. The patient has had several relapses associated with 
small gastric hemorrhages and is at present in a poor state, despite the fact 
that he has released himself from the hospital. 

There were seven cases of malignant tumors without metaslases to the liver, 
three of which showed a positive T. A. R. Of these three positive cases, there was 
one four-plus T. A. R. in a carcinoma of the hepatic duct, associated with an ob- 
structive biliary cirrhosis. This patient, a Japanese, gave a liistory of drinking 
a quart of alcohol almost daily for forty years. The second case was a carcinoma 
of the stomach, and the third manifested itself as a carcinoma of the prostate 
and was proved to be so by surgical biopsy. The patient died soon after opera- 
tion, and a postmortem examination was not permitted. The remaining four 
cases were negative and consisted of one case of carcinoma of the stomach, one a 
carcinoma of the rectum, a third was diagnosed upon laparotomy as a carcinoma 
of the head of the pancreas and the fourth case was a carcinoma of the com- 
mon duet, with marked evidence of biliary obstruction, as was pointed out 
at autopsy. 

In the group of carcinomas with metastases to the liver and primary car- 
cinomas of the liver, there is a total of twenty cases. Eleven cases showed evidence 
of liver damage, as indicated by a positive T. A. R. In the latter group, I found 
two carcinomas of the stomach to have a four-plus T. A. R. Two had a two-plus 
T. A. R., and two had a one-plus T. A. R. Three had a negative T. A. R. 

Of the carcinomas of the head of the pancreas, the T. A. R. was negative 
in the only two cases which I had. In carcinoma of the extrabiliary tract, ex- 
cluding carcinoma of the gallbladder, two cases were negative and one gave a 
plus-minus reaction, the latter test being run on the ascitic fluid. 

Of three cases diagnosed as primary carcinoma of the liver, two were three- 
plus, and one was negative, the latter one proving to be a carcinoma of the liver, 
upon surgical biopsy of both the liver and a mesenteric lymph node. 

In one case of neurocytoma with a negative T. A. R., the clinical diagnosis 
was substantiated by postmortem examination. In another case, in which the 
primary tumor was undiagnosed, there was a marked obstruction of the inferior 
vena cava. The T. A. R. on the serum was negative. In this group, the clinical 
diagnosis of six cases was confirmed by postmortem examination or surgery. 
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In a series of ten normal pregnancies, the T. A. 11. was found to be negative 
in all eases. They subsequently delivered normally without any complications. 

Six cases of toxemia of pregnancy were studied. In this series there were 
three eases which showed evidence of a positive T. A. R. In one case of preg- 
nancy associated with hypertension the T. A. R. was two-plus, and in two cases 
of eclampsia the T.A.R. was one-plus. All three patients improved under 
proper management and left the hospital in better health than upon admission. 

Of the remaining three eases, one, an eclamptic, gave a negative T. A. R. and 
at postmortem examination gave the findings typical of eclampsia. The other 
two cases which gave a negative T. A. R. were pregnancies associated with hyper- 
tension. 

In a group of cardiovascular renal diseases other than syphilis eighteen 
cases were studied, of which only two cases gave a positive T. A. R. One was a 
case of cerebral hemorrhage and gave a four-plus reaction. The other was a 
case of arteriosclerotic heart disease, giving a. one-plus T. A. R. Of the remain- 
ing sixteen cases, two were hemiplegias, one of which at postmortem examination 
showed the essential findings of a ruptured aneurysm of the anterior com- 
municating artery. As an incidental finding there was an eccliinoeoccus simplex 
cyst in the right lobe of the liver. Pour patients suffered from arteriosclerotic 
heart disease, nine patients were victims of hypertensive heart disease, and one 
ease was considered a primary myofibrosis. All these heart patients were in a state 
of cardiac decompensation upon admission to the hospital, and when the test 
was earned out on them, four patients had marked ascites, and the others had 
edema of the lower extremities associated with dyspnea. 

Of eleven cases classified as diseases of the kidney, only one case gave a 
plus-minus T. A. R., whereas all the others "were negative. The single positive 
case was that of a bilateral hydronephrosis. The others consisted of two cases 
of chronic glomerulonephritis, one of a unilateral polycystic kidney, one of 
lipoid nephrosis, one of pyelonephritis, and five of malignant nephrosclerosis. 
The clinical diagnoses of two of these cases were corroborated at autopsy. 

Of 54 cases classified under acute, subacute, and chronic infections, four 
cases gave a four-plus positive T. A. R. T\vo patients were suffering from acute 
rheumatic heart disease, both dying later. A third case was a far-advanced 
pulmonary tuberculosis and the patient had a history of drinking one quart 
of alcohol daily for five years. In the fourth case, the patient came into the 
hospital with lobar pneumonia, and after a stormy course recovered. Upon his 
recovery, it was found that he was an habitual drunkard and moderately de- 
mented. 


One of the three cases having a three-plus T. A. R. was an acute rheumatic 
heart patient who later improved and went home. The second was a case of lobar 
pneumonia, and the third was a case of tuberculous pleurisy with effusion The 
patient gave a history of drinking at least one pint of alcohol daily for the last 
sixteen years. 

A one-plus T. A. R. was obtained in a ease of pulmonaiy tuberculosis and in 
a case of lobar pneumonia. 
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In this series of infectious diseases, eleven eases of pulmonary tuberculosis, 
one case of gonorrheal arthritis, two of malignant endocarditis, five of broncho- 
pneumonia, one of acute follicular tonsillitis, one of typhoid fever, one of acute 
articular rheumatism, twelve of lobar pneumonia, one of tuberculous polyserositis, 
one case of septic sore throat, one of postpncumonic empyema, one of tuberculous 
pleurisy with effusion, and one of septic meningitis, gave negative T. A. R. ’s. 

In ten cases of blood dyserasia, only one case gave a positive T. A, R., the 
reaction being two-plus. This was a case of acute stem cell leucemia in an 
aleucemic state, associated with a septicemia due to a hemolytic streptococcus. 
The liver in this case showed, microscopically, a dense infiltration of undif- 
ferentiated cells in the portobiliary septa, as well as in the capillaries, and in 
addition to these, the liver cells were slightly displaced by intralobular cell ac- 
cumulations. 

The nine remaining cases of blood dyserasia were negative. One was a 
case of acute stem cell leucemia, four were that of pernicious anemia, one an 
aplastic anemia, two were splenic anemias, and one was a case of aleucemic 
myelosis. In two instances postmortem examination confirmed the diagnoses. 

As to the diseases of the glands of interna] secretion and the response of 
their serum to the T. A. R., sixteen eases were studied. Eight cases showed a 
positive T. A. R. Two cases of exophthalmic goiter and one case of toxic adenoma 
gave a four-plus T. A. R. One case of toxic adenoma was a three-plus T. A. R-, 
and one case of myxedema associated with a pituitary disturbance, as indicated 
by clinical evidence of acromegaly, gave a two-plus T. A. R. Another case of 
myxedema gave a one-plus T. A. R., and two cases of exophthalmic goiter gave a 
one-plus T. A. R. Of the remaining eight cases, seven cxopthalmic goiters were 
negative, and one toxic adenoma was negative. 

Four cases of syphilis were studied. All patients were negative except one, 
who had a very much enlarged liver, and upon laparotomy and biopsy of the 
liver, a diagnosis of syphilitic hepatitis was established. The reduction of liver 
parenchyma was striking. This patient’s T. A. R. was three-plus positive. The 
other three cases were syphilitic aortitis, aneurysm of the aorta, and tabes 
dorsalis, respectively. 

The last group under the heading of varia consists of a number of cases 
which are of various illnesses, eacli type having too few in number to be classi- 
fied individually. 

In this group four cases gave a four-plus T. A. R. One was a case of carbon 
monoxide poisoning, and upon being revived, the patient admitted alcoholism. 
A second case was that of delirium tremens ; a third was given a tentative diag- 
nosis of chronic malaria with a tremendously enlarged liver and spleen; and the 
fourth case was one of acute cholangitis. 

A two-plus T. A. R. was found in a ease of impending delirium tremens. 
In one case of bleeding duodenal ulcer and in another case diagnosed as Banti ’s 
disease, the T. A. R. was one-plus positive. Two cases gave a plus-minus reaction, 
one being a case of acute cholangitis with obstruction of the common duet, and 
the other a Picks’ polyserositis. 
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The negative T. A. It. ’s were found in four cases without objective clinical 
findings, three cases of common duct obstruction, one compression of the spinal 
cord, one brain tumor, two retroverted uteri, five cases of chronic cholecystitis, 
two of arteriosclerotic dementia, three of chronic alcoholism, three of alcoholic 
coma, one of peptic ulcer, two of malaria, one of acute hydrops of the gall- 
bladder, one of amytal poisoning, one of tumor of the right groin (fibroma), one 
of benign adenoma of the thyroid, one of dysmenorrhea., one of prematurity, one 
of schizophrenia, and one of acute intestinal obstruction. 

In this group, the diagnoses of seven negative T. A. R. cases were confirmed 
by either postmortem examination or surgery, and one four-plus positive case, 
diagnosed as a common duct stone, upon laparotomy revealed a stenosis or stric- 
ture of the left hepatic duct. 

discussion 

In summai'izing the total number of 276 eases, I find that 114 of those 
tested gave a positive Takata-Ara reaction varying from a four-plus to a plus- 
minus positive reaction. The 114 positive reactions were distributed among the 
different diseases as follows : 


Cirrhosis of the liver 50.00% 

Acute hepatic insufficiency 4.38% 

Arsenical and industrial poisoning 0.87% 

Malignant tumors with liver metastases 9.51% 

Malignant tumors without liver metastases 2.63% 

Normal pregnancies 0.00% 

Toxemias of pregnancy 2.63% 

Cardiovascular renal disease other than syphilis 1.75% 

Diseases of the kidney 0.87% 

Acute, subacute, and chronic infections 10.52% 

Blood dyserasias 0.87% 

Diseases of the glands of internal secretion 7.01% 

Syphilis 0.87% 

Varia 7.89% 


It is interesting to note that cirrhosis of the liver may be involved in cases of 
Graves’ disease, as has been shown by Rossle, 13 Weller, 14 Assman, 15 and others. 
Raab and Terplan 10 have reported a case in which subacute yellow atrophy of 
the liver was a complication of exophthalmic goiter. Weller 14 states that the liver 
may be, and frequently is, involved in Graves’ disease, as shown, clinically, by 
some occurrences of icterus, marked degrees of which are known to be of serious 
importance in this disease; physiologically, by the accumulating evidence of 
altered liver function in such patients; experimentally, by the evidence of 
hepatic dysfunction following administration of thyroid substance and thyroxin 
and morphologically, by structural changes in the liver, varying from slight 
degrees of chronic hepatitis to a widespread degenerative and necrotizing process 
which must be considered an acute yellow atrophy 


In Weller s series of 4S cases of Graves' disease, well-marked hepatitis was 
fonnd m 54 per cent of the eases, while a matched control series of the same sire 
yielded tart a single case with a well-marked hepatitis. Youmans and Warfield » 

m their study, have found that exactly 50 per cent of their eases of hyper- 
thyroidism showed evidence of liver damage. ~ 1 
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Iii reviewing the cases of hyperthyroidism that came to autopsy in the last 
five years at Cook County Hospital, with the exception of two eases, which were 
posted and which gave a negative T. A. It. and no marked morphologic changes 
of the liver, I found that in nineteen cases posted 2, or 10.5 per cent, of the 
patients had jaundice associated with symptoms of hyperthyroidism, and one 
patient, or 5.2 per cent, had a peripheral type of cirrhosis of the liver, which is 
one of the types of cirrhosis found in hyperthyroidism (Rossle 13 ). One patient 
had a slight peripheral fibrous proliferation, and four patients had fatty changes 
in the liver. 

Of the tests running parallel with the positive T. A. R. in this series, in 
cirrhosis of the liver the icteric index, as discussed above, showed a parallelism 
with the T. A. R., but upon comparing the T. A. R. witli the icteric index in the 
remaining groups, there was no parallelism, although it must be admitted that 
not all cases had the icteric index of blood serum run. 

The positive Kahn and Wassermann reaction of the serum does not seem 
to interfere with the Takata-Ara reaction. In a total of 314 positive T. A. R. 
cases, 14.39 per cent gave a positive Kahn or Wassermann, and 59.S9 per cent 
gave a negative Kahn or Wassermann. Of the negative T. A. R. cases (162), 
16.19 per cent gave a positive Kahn or Wassermann and 76.SS per cent, gave a 
negative Kahn. 

This finding is in agreement with Tannenholz, 18 who states that the Takata- 
Ara reactions bear no relationship to the Wassermann or Meinike test. He 
does state, however, that the T. A. R. is more frequently positive in cases of 
syphilis (15 per cent) than in other cases (S.5 per cent), such as, genitourinary, 
dermatologic, and medical cases where a question of liver damage does not 
present itself. 

As to the factors involved in causing the flocculation in a positive Takata 
and Ara reaction it has been stated by Takata, 1 by Nicole, 12 and Jezler 10 that it 
is the decreased stability of the serum proteins of the colloid system which makes 
the precipitation of the colloidal solution of mercuric oxide possible, and that 
this is due to the increase of globulin with an inversion of the albumin and 
globulin ratio. It is, according to Nicole, 12 Takata, 1 and others, albumin which 
exerts a protective action, thus preventing the flocculation of the colloidal solu- 
tion of mercuric oxide. 

In studying the albumin and globulin fractions (after Howe's method 20 ), 
and their ratios, I found that in a total of 23 positive T. A. R. cases, seventeen 
cases had a ratio of lower than 2 -.1. If this ratio is taken as the normal, then it 
would appear to favor the theory of increased globulin content as a. factor in 
causing the flocculation of the mercuric oxysol. However, when I examined 21 
cases which gave a negative T. A. R. (Table II), I found that seventeen had a 
ratio of lower than 2 :1. 

The globulin in the positive T. A. R. (Table III) does not show an ab- 
solute increase, as one would expect, to find, according to Jezler ’s work. 10 In 
his work on cases with positive T. A. R., the globulin percentage of the total 
serum proteins was higher than 55, whereas, in the negative T. A. R., the per- 
centage of globulin of the total serum proteins was about 37. 
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Table II 


Protein Determination in Blood Serums With Negative. Takata-Ara Reaction 


DIAGNOSIS 

“ ' ~ 

% or SERUM 
ALBUMIN 

% or serum 
globulin 

% OP 
GLOBULIN 

IN TOTAL ALB. 
GLOB. CONT. 

ALBUMIN 

GLOBULIN 

RATIO 

Lobar pneumonia 

3.88 

HSIEHI 

33.6 

1.82 

2 02 

Lobar pneumonia 

4.05 



1.77 

Lobar pneumonia 

3.7 1 




Pulmonary tuberculosis 

4.30 

2.11 

32.6 

2.06 

Pulmonary tuberculosis 

3.00 

1.90 

34.8 


Pulmonary tuberculosis 

4.13 

2.33 

36.0 


T. B. pleurisy with effusion 

4.30 

2.36 

34.8 

1.86 

Carcinoma of biliary tract 

3.87 

2.16 

35.7" 

1.79 

Carcinoma of head of pan- 

i 3.90 

2.20 

34.4 

J 1.77 

creas 





Carcinoma of stomach 

3.71 

2.17 

31.3 

1.74 

Carcinoma of liver 

4.1l" 

2.19 

34.7 

1.87 

Malignant}- with metastases 

SM2 j 

2.13 

34.3 

1.93 

Chronic glomerulonephritis 

■ 

2.61 

47.5 

l.io" 

Lipoid nephrosis 

2.40 

2.98 

55.2 


Hypertensive heart disease 

3.71 

2.16 

36.7 

j 1.71 

Hypertensive heart disease 


1.93 

32.5 


Arteriosclerotic heart dis- 

4.44 

2.18 

32.3 


ease 





Pernicious anemia 

3.18 

1.97 

38.2 

1.67 

Exophthalmic goiter 

3.33 

2.00 

37.5 

1.66 

Toxic hepatitis 

3.33 

1.94 

36.8 

1.71 

Cirrhosis of liver 

3.73 

2.46 

39.7 

1.51 


Schindel, 21 by adding various concentrations of lower fatty acids such as 
formic, acetic, or proprionic acids, to a dilution series of a serum, was able to 
produce a positive T. A. It. in a serum which otherwise gave a negative T. A. ft. 
The addition of mineral acids, however, did not have this effect. The floccula- 
tions, according to Schindel, took place exactly as in the naturally positive 
T. A. R. serum. He was also able to transform the experimental as well as the 
naturally positive T. A. R., by the addition of sodium or potassium hydroxide, 
into a negative T. A. R. Nicole, 12 on the other hand, in his experiments with 
various concentrations of albumin and globulin derived from horse serum, was 
able to show that albumin is a factor in producing the various changes in color, 
whereas globulin is a factor in causing flocculation. When these proteins were 
mixed in normal proportions, the T. A. R. was negative, whereas, if the globulins 
were increased or the albumins decreased, a positive T. A. R. occurred. 

Another interesting observation was made by Zirm, 22 who, with the addi- 
tion of heparin to the blood serum, was able to prevent in a positive serum the 
occurrence of a flocculation, whereas a previously negative serum did not mani- 
fest any change. In his series 5 mg. of heparin per tube in one set and 20 mg. 
per tube in another set were used, and those tubes with the greater amount of 
heparin showed less flocculation than those tubes with the smaller amount of 
heparin. 

I have carried out similar experiments, and the results are very striking 
in that m some of the cases the use of as little as 1 mg. of heparin per tube 
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Table III 

Protein Determination in Blood Serums With Positive Takata-Ara Reaction 


DIAGNOSIS 

% or SERUM 
ALBUMIN 

% OF SERUM 
GLOBULIN 

% or 

GLOBULIN 

IN TOTAL ALB. 
GLOB. COST. 

ALBUMIN 

GLOBULIN 

RATIO 

Cirrhosis of liver 

4.0 


32.S 

2.04 

Cirrhosis of liver 

3.87 


35.0 

1.85 

Cirrhosis of liver 

3.01 

■ 

34.0 

1.86 

Cirrhosis of liver 

3.GC 

1.03 

34.5 

1.80 

Cirrhosis of liver 

3.07 

O O j 

35.7 

1.70 

Cirrhosis of liver 

3.77 

1.02 

33.7 

1.06 

Cirrhosis of liver 

4. 26 

2.08 

32.8 

2.04 

Cirrhosis of liver 

4.08 

2.11 

32.6 

1.03 

Cirrhosis of liver 

4.03 

2.37 

33.8 

1.53 

Cirrhosis of liver 

3.00 

2 12 

35.2 

1.83 

Cirrhosis of liver 

4.11 

1.05 

32.1 

2.10 

Cirrhosis of liver 

4.10 

2.14 

33.8 

1.05 

Cirrhosis of liver 

4.05 

1.06 

32.6 

2.06 

Cirrhosis of liver 

3.74 

2.00 

35.8 

1.78 

Syphilitic cirrhosis of liver 

4.00 

2.31 

36.4 

1.75 

Acute hepatitis 


2.41 

35.5 

1.81 

Exophthalmic goiter 

H'V Tj rv». v; t 


feKXMl 

1.75 

Exophthalmic goiter 




1.66 

Exophthalmic goiter 



37.0 

1.60 

Exophthalmic goiter 

3.01 

1.06 

34.0 

1.00 

Carcinoma of pylorus of 
stomach with metnstases 

3.03 

2.14 

35.2 

1.83 

Chronic malaria with severe 
anemia 

4.50 

1.97 

30.6 

2.2S 


prevents the flocculation of mercuric oxide. The following chart shows some 
of the results obtained. 


Flocculation in tube 1 


Cirrhosis of the liver without heparin 0 

Cirrhosis of the liver with heparin, 3 mg. per tube 0 

Cirrhosis of the liver without heparin 0 

Cirrhosis of the liver with heparin, 1 mg. per tube 0 


2 3 4 5 6 7 8 

0 44 44 +4 +4 +3 +2 

0 0 0 0 0 0 0 

0 43 44 44 44 43 42 

0 0 ± ± 0 0 0 


It is obvious from the above observations and the differences of opinion 
in the literature that the chemistry involved is perhaps more complicated than 
it seems, and it requires much further investigation to determine the actual 
factors concerned in the cause of flocculation in the positive T. A. R. 


SUMMARY 

1. Two hundred and seventy-six cases with the Takata-Ara reaction have 
been studied. 

2. That this is of value in cases of decompensated liver conditions due to 
cirrhosis is without doubt. For latent liver damage the test is not entirely 
reliable. 

3. The T. A. R. is positive in 98 per cent of the cases of cirrhosis of the 
liver. 

4. The simplicity with which the test is carried out warrants its use in hos- 
pital and office practice as both a diagnostic and prognostic aid in cases of 
cirrhosis of the liver. 
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5. Liver impairment occurs in hyperthyroidism, as shown by the Takata-Ara 
reaction. 
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ARTIFICIAL PNEUMOTHORAX IN THE TREATMENT OF 
LOBAR PNEUMONIA* 


A Review of Forty Pneumothorax- Treated Patients and One Hundred 
Patients Treated by Other Methods 


Albert Behrend, M.D., Philadelphia, Pa., Vernon L. Tuck, M.D., Sherman, 
Texas, and William Egbert Robertson, M.D., Philadelphly, Pa. 


I N A RECENTLY published article one 1 of us reported the results obtained 
in the treatment of eleven eases of lobar pneumonia by artificial pneumo- 
thorax. It was emphasized at that time that, although the procedure gave 
promise of being a worthy addition to the armamentarium in the treatment of 
lobar pneumonia, the number of cases treated was too small to enable us 
definitely to evaluate it. We have now had the opportunity to observe carefully 
forty patients treated by artificial pneumothorax. 

Inasmuch as any study of this nature is of little value without the benefit 
of a control group of cases taken at the same time of the year, and under as 
nearly similar conditions as possible, 100 cases of lobar pneumonia treated bv 
methods other than pneumothorax are also presented. 

THE THEORY OF THE ACTION OF ARTIFICIAL PNEUMOTHORAX IN PNEUMONIA 

Lilienthal 2 has suggested that since care is taken not to produce a positive 
intrathoraeic pressure, partial collapse rather than compression occurs when air 
is introduced. Partial collapse is probably the most accurate way of describing 
the state of a pneumonic lung treated by artificial pneumothorax. In any case, 
a lung partially or completely surrounded by a layer of air is splinted to a lesser 
or a greater degree. This has been shown roentgenographically and at post- 
mortem. The acutely inflammatory tissues of the diseased lung acquire at least 
a relative degree of rest because complete expansion is prevented. The parietal 
and visceral pleurae are separated and the pain of attendant pleuritis is abolished 
almost without exception. These facts we know because they have been proved 
clinically again and again. 

The ability of air to produce even a partial degree of collapse in a pneu- 
monic lung that is in the stage of hepatization has frequently been questioned. 
Clinical, roentgenographic, and postmortem findings lead us to the belief that 
partial collapse of such a lung can occur. The term “hepatization brings to 
mind the tense and sharply defined lung as it lies on the autopsy table. We ques- 
tion whether this mirrors the true condition of such a lung during life. In death 

' T^m the Medical and Tuberculosis Services of the Philadelphia General Hospital. 

Received for publication, October 3. 1934. 
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the cellular and fluid exudates rich in protein content arc congealed. Such a 
lung would indeed render collapse impossible. That body fluids high in piotein 
content frequently gel when removed from the body is common knowledge. 
Similarly the hepatized lung may be regarded as a sac containing a large amount 
of fluid rich in protein and a relatively small amount of air. That such an organ 
can be partially collapsed is possible. That it can be collapsed sufficiently to 
prevent further pleuritic pain, we know. 

How does pneumothorax bring about crisis in lobar pneumonia ? That it 
does so in a certain number of cases we feel relatively sure. Here is ample field 
for theoretical speculation and laboratory investigation. It has been shown that 
artificial pneumothorax causes a decrease in the amount of blood circulating in 
the lung so treated. Lymph stasis with diminution in the absorption of toxins 
has also been shown to occur after pneumothorax. 'Whether or not crisis is the 
product of the sum of these factors acting in conjunction with the natural im- 
munologic resources of the organism can only be surmised. 

More or less subjective improvement promptly followed artificial pneumo- 
thorax in the majority of cases of lobar pneumonia so treated, irrespective of the 
ultimate outcome. The reaction in some is clinically similar to that seen after 
the intravenous injection of a foreign protein, except for the absence of the initial 
chill. The critical fall in temperature and the objective and subjective improve- 
ment in the patient lead one to speculate on the cause. One of us (W. E. R.) has 
been inclined to regard it as a protein reaction induced by the air, which very 
probably forces altered proteins into the blood stream from the involved lung. 
Differential hlood counts, however, do not entirely support this view, for the well- 
known phase reactions following intravenous protein injections, are not so pro- 
nounced a feature after pneumothorax. 


SELECTION OF CASES FOR ARTIFICIAL PNEUMOTHORAX 

All the patients treated in this series were believed to' have unilateral lobar 
pneumonia involving one or more lobes at the time pneumothorax was induced. 
As soon as the diagnosis was established by physical signs or confirmed by 
roentgenographs, air was introduced. In an effort to determine the true value 
of the treatment, all patients admitted to our services that fulfilled the require- 
ment of unilateral lobar pneumonia were given air. Some of the patients ap- 
peared to he doomed at the time treatment was begun. Occasionally this type of 
patient surprised us by recovering, but usually the treatment was of no avail in 
preventing death. Seven patients were women, thirty-three were men. 

Patients were given air regardless of the day of disease. This varied from 
the first to the fourteenth day, although the first pneumothorax in the majority 
of cases was given on the third, fourth, or fifth day. Manv of the most brilliant 
results occurred in this group. It seems to us that those who use artificial 
pneumothorax only on or before the third day, as has been advocated limit its 
application needlessly and deny the patient therapeutic aid at a time when it 
is best utilized and when the response of the patient is most gratifying 

The amount of air given was usually between 400 c.c., and 600 c c and in 
most cases was repeated in twenty-four hours. This amount was used’because 
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it is sufficient to accomplish the desired result without causing discomfort to the 
patient or a mediastinal shift. At no time was a positive intrapleural pressure 
produced, the needle being always withdrawn before this stage was reached. Oc- 
casionally it was impossible to introduce more than 200 c.c. of air because of 
pleuritic adhesions. In only one case did adhesions altogether prevent the 
establishment of pneumothorax. 

SELECTION OF CASES FOR CONTROL GROUP 

The first one hundred patients admitted to the wards with lobar pneumonias 
after Dec. 1, 1933, and not treated by pneumothorax, comprise the control group. 
Of these, eighty-four were men, sixteen were women. Since there are ten medical 
services at the Philadelphia General Hospital, and artificial pneumothorax was 
used on only one or two, controls were abundant. Specific serums could only be 
given when the patient or his friends could afford to buy it, so that it was used 
in only two cases. One of these had a nonspecific immunotransfusion in addition. 
Another patient received nonspecific protein therapy in the form of 50,000,000 
killed typhoid organism intravenously. The remainder of the patients were 
treated by the usual supportive measures and those designed to give symptomatic 
relief. 

RESULTS OF TREATMENT 

The results of treatment are presented in compact form in Table I. A few 
facts are worthy of special mention. 


Table I 


Summary of Data 



Relief of Pain . — That artificial pneumothorax relieves the pain so frequently 
associated with respiration in lobar pneumonia all observers agree. Relief is 
experienced almost immediately after the needle is withdrawn and is promptly 
noticed by the patient. The need for narcotics is in consequence greatly dimin- 
ished. Relief of pain is one of the most spectacular results of the use of 
artificial pneumothorax in the treatment of lobar pneumonia. One of us (V. h. 
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T.), who treated twenty-five of the forty cases in tins series, has noted that 
patients frequently requested refills of air after rapid absorption had allowed a 
partial return of pleuritic pain. 

Belief of Cyanosis, Dyspnea, and Toxicity . — Cyanosis is less frequently en- 
countered than pain in early pneumonias. It is our experience that when present 
it is relieved by pneumothorax. Dyspnea is frequently associated with pain. 
When pain is relieved by the introduction of air, dyspnea usually disappears. 
“Toxicity” is a rather abstract term, and has to be judged by the appearance 
and the mental state of the patient. In one patient jaundice was present on 
admission but disappeared within twenty-four hours. 'When a toxic psychosis 
is well established, pneumothorax will not abort it, but we have seen patients 
apparently on the threshold of delirium benefit remarkably and take a renewed 
interest in themselves and their surroundings. It is certain that, in general, 
patients look less sick after pneumothorax has been induced, but when a toxic 
psychosis does occur, it makes the prognosis decidedly more grave. 


MORTALITY 


In the control group of one hundred cases, there were fifty-one deaths, a 
mortality of 51 per cent. This is an appallingly high death rate, and yet it is 
substantially in accord with figures which are reported from other large general 
hospitals. Here is evidence enough that there is need now, as there has been 
for the past two hundred years, for an effective agent in the treatment of lobar 
pneumonia, an agent that must be inexpensive, yet potent without regard to the 
type of organism causing the infection. 

In the pneumothorax-treated group there were fourteen deaths, a mortality 
of 35 per cent. Three of these died within eight hours after admission to the 
hospital, and were almost moribund when treated. That we have been able to 
reduce mortality by 16 per cent in the worse types of pneumonia suggests the 
hope that those who treat more favorable cases can do even better. 

One of the deaths occurred in a patient with a toxic psychosis whose tem- 
perature fell from 104° to 96° twelve hours after the second injection of air. 
The psychosis persisted despite the febrile drop and the patient inadvertently 
got out of bed that day. He died a few hours after he was put back to bed. 

Another death occurred in a patient who had been afebrile for five days 
During all this time he had a low muttering delirium from which it was im- 
possible to arouse him, and death was apparently due to myocardial exhaustion. 
There was no postmortem examination. 

Two cases showed acute vegetative endocarditis at autopsy. ' • 


Ul* DEFERVESCENCE 

Table I shows the mean duration of fever during the hospitalization of pa 
tients who recovered. After the first pneumothorax the average duration of 
fever was three and a half days. In the control group the average duration of 
fever was seven days. It appears, then, that pneumothorax shortens the febrile 
course. Tins m turn means an abbreviated convalescence and conservation of 
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the energy reserves of the patient. In addition, the economic benefit which the 
patient and those who pay for his hospitalization derive from his shortened stay 
is notable. 


PRODUCTION OF CRISIS 

In eighteen of the forty patients treated by induced pneumothorax, the 
temperature fell by crisis, using the term to denote a fall in temperature to 
normal within twenty-four hours after the first injection of air. The tempera- 
ture does not then remain normal in all cases, and this is the main reason for 
repeating the treatment within twenty-four hours. Two injections usually suffice, 
but there should be no hesitation in giving others if they seem indicated. The 
fact that crisis is induced does not of necessity imply that the patient nail re- 
cover. Six of the eighteen patients died despite that fact, the temperature 
usually rising again after a preliminary drop, and remaining elevated despite 
the addition of more air. 

In sixteen cases temperature fall by lysis was observed. It was impossible to 
predict whether temperature would fall by crisis or by lysis. 

In six cases pneumothorax produced no temperature change and in one of 
these only 150 e.c. of air could be introduced, because of the presence of 
adhesions. 

Among the one hundred patients treated by methods other than pneumo- 
thorax, spontaneous crisis occurred only seven times. These patients all re- 
covered. 


COMPLICATIONS 


In the pneumothorax-treated group; 


Delayed resolution 
Pericarditis 
Acute vegetative 
endocarditis 
Empyema 

Pneumococcic menin- 
gitis and acute 
vegetative endo- 
carditis 
Jaundice 


1 

2 (both recovered) 
1 (died) 

1 (recovered) 

1 (died) 


1 (recovered) 


In the control group; 
Thrombophlebitis 
Suppurative otitis 
media 
Jaundice 
Pneumococcic 
meningitis 
Pleural effusion 
Acute arthritis 
Empyema 
Lung abscess 
Delayed resolution 
Acute vegetative 
endocarditis 


1 (recovered) 

1 (died) 

1 (died) 

1 (died) 

3 

1 

3 (all recovered) 

2 (1 died, 1 recovered) 

3 

2 (died) 


There is apparently little difference in the occurrence of complications in 
the two series (IT per cent in pneumothorax-treated cases, IS per cent in those 
treated by other methods). 

RESULTS OF BLOOD CULTURE 

In patients with an established pneumococeemia artificial pneumothorax was 
of little benefit. Five of the 40 patients treated returned positive blood cultures, 
and of these only one recovered. 

In the control group of 100 eases there were 27 cases of bacteremia and of 
these patients 6 recovered and 21 died. 
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The results in this group are rather striking, and may or may not be 
significant. According to our figures, the number of cases of bacteremia oc- 
curring in the cases treated by artificial pneumothorax was less than half (12 
per cent) that of the number that appeared in the control group (27 per cent). 

SUMMARY 

A series of 40 patients with lobar pneumonia treated by artificial pneumo- 
thorax is presented, with a mortality of 35 per cent. A control group of 100 
patients with lobar pneumonia treated by other methods is also presented, with 
a mortality of 51 per cent. In addition to a decreased mortality, the chief 
benefits of artificial pneumothorax arc relief of pain, dyspnea, cyanosis, and 
“toxicity.” It also shortens the febrile period sometimes by crisis, sometimes 
by lysis, and so lessens the number of hospital days per patient. Artificial 
pneumothorax is of little aid in the treatment of well-established pneumo- 
coceemias; it will not abort toxic psychoses, and it apparently has little influence 
on the prevention of the more severe complications of lobar pneumonia. 

CONCLUSION 

One must conclude from the results of this study that artificial pneumo- 
thorax offers greater hope for recovery, greater comfort during illness, and a 
shorter period of convalescence than the ordinary nonspecific measures which 
strive for symptomatic relief in patients suffering from unilateral lobar pneu- 
monia. 
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PHOSPHORUS METABOLISM 


V. Relation Between Urinary Phosphate and Blood Phospholipids 
During Absorption ok Pats 


Guy E. Youngburg, Ph.G., Ph.D., Buffalo, N. Y. 


I T HAS been shown by a number of investigators that the phospholipids of the 
blood of animals increase on a high-fat meal. In dogs Bloor 1 found an in- 
crease in whole blood of as high as 70 per cent and never less than 30 per cent, 
when 50 to 100 c.c. of olive oil alone was fed. Recently 2 he found that in single 
overfeedings of dogs with fat or carbohydrate the increase in plasma phospho- 
lipids averaged 2S per cent. There was no increase with protein. So far as the 
phospholipids of the human blood are concerned it is known that the content, 
under similar conditions of food, environment, etc., is about the same as in 
dogs and many other animals. 

Assuming that the whole blood increases about 33 per cent in phospholipid 
within about four to six hours after a meal (from a content of 0.3 up to 0.4 per 
cent), in other words an increase of 0.1 per cent, we can calculate that the blood 
of an average person would then contain 4.5 gm. more phospholipid than previ- 
ously (0.001 by 4,500 c.c.). Since the phospholipids contain about 4 per cent of 
phosphorus, the increase represents ISO mg. of that element. This is not an 
inconsiderable quantity, and if it is derived directly from the same phosphorus 
compound in the body as the urinary phosphate, we might expect the latter to 
be decreased. The source for urinary phosphates is in all probability the in- 
organic phosphate of the blood, 3 although evidence has also been presented espe- 
cially by Eicholtz, Robison and Brail 4 which makes it somewhat inconclusive. 
Whatever the facts arc in this regard, if the blood phospholipid increase repre- 
sents newly-formed phospholipids, we would expect that the P from both they 
and the urinary phosphates would be derived from the same immediate and 
potential source. Thus, an increase in blood phospholipids would result in a 
decrease in urinary phosphates. 

The purpose of this investigation was to determine if the blood phospholipid 
increase in reality does decrease the urinary phosphate. 

experimental 

Pour normal men twenty-one to twenty-five years of age were selected as 
subjects. Their urines were earefulty collected in one-hour periods for eight 
consecutive hours, beginning at 7 a.m., with the usual breakfast of each subject 
soon after 8 a.m. The usual amount of water was allowed but no other food than 
the breakfast. The volumes and the phosphorus contents of the urines were 
determined. The results are shown in Table I. The table also shows the results 

•From the Department of Biological Chemistry. University of Buffalo Medical School. 
Received for publication, October 5, 1931. 
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of a similar run with the same subjects a iveek later, except that during the 
bi’eakfast 75 gm. of com oil (Mazola) was ingested by each. This amount of oil 
is about the maximum that can be taken by the average person without causing 
considerable nausea or luxation. 

RESULTS AND DISCUSSION 

The tabulated results show that the formation of urinary phosphate is not 
influenced or diverted to form phospholipid in t lie body when a high-fat meal is 
taken; there is even somewhat more phosphate excreted under the fat meal. It 
can be observed on closer inspection of the table that there are decreases in 
phosphorus outputs during some parts of the eight-hour periods under the fat 
meals, but the decreases arc irregular and cannot be ascribed to phospholipid 
formation from absorbed fat. Therefore it cannot be concluded that the phos- 
phorus of blood phospholipid and urinary phosphate are drawn from the same 
immediate source. 

There is no correlation between excretion and urine volume. This is already 
well known and the figures for the urine volumes arc therefore not included. 

Most investigators have accepted the phospholipid rise in the blood during 
fat absorption as a neogenesis for purposes of transportation and intermediary 
metabolism of the fatty acids. This has been the starting point for extensive 
consideration of the phospholipids in this regard. Recently Sinclair, 5 on the 
basis of his experiments, has suggested the hypothesis that the absorbed fatty 
acids are transformed into phospholipid within the intestinal mucosa ns an es- 
sential step in the resynthesis of neutral fat. His data indicate that there is, 
however, no increase in phospholipid content in the intestinal mucosa when fats 
are absorbed. It seems possible that noogenesis in the wall during fat absorp- 
tion results in phospholipid flow into the blood and that this accounts for the 
nonrise in the mucosa. The phospholipids could thus function both in fat 
absorption and fat transportation, (Other possible functions of phospholipids 
do not appear to be connected with this research.) 

The results of this research indicate the probability that the increase in 
blood phospholipids represents such lipids mobilized from some other part of the 
body, whether it be from the intestinal wall, the liver, or the spleen, for example, 
and that this increase is not closely connected with the excretion of phosphates 
in the urine. 

REFERENCES 

1. Bloor, W. It.: Fat Assimilation, J. Biol. Cliem. 24: 447, 191 G. 

2. Bloor, W. B.: Diet and the Blood Lipids. II. Tiie Effect of Occasional Overfeeding- on the 

Postabsorptive Level, J. Biol. Cliem. 103: 099, 1933. 

3. Brain, T. T., Kay, H. D., and Marshall, P. G.: Observations on Phosphates in Blood and 

on the Urinary Excretion of Phosphates, Biochem. J. 22: 62S, 192S. 

4. Eicholtz, F., Robison, R., and Brull, L.: Hydrolysis of Phosphoric Esters by the Kidney in 

Vivo, Proc. Boy Soe. 99: Series B, 91, 1925-26. 

5. Sinclair, Robert Gordon: The Role of the Phospholipids of the Intestinal Mucosa in Pat 

Absorption, J. Biol. Cliem. 82: 117, 1929. 



COMPLEMENT FIXATION REACTIONS IN CARCINOMA*' 


Howard W. Lundy, M.S., St. Louis, Mo. 


A CONSIDERABLE number of investigators have studied the alcohol soluble 
lieterophile antigen extractable from carcinomatous tissue and have con- 
cluded that there exists a cancer specific antigen. In large part, these conclu- 
sions have been reached as a result of experiments in which the antigen, more or 
less purified by solution or precipitation with various organic solvents, has been 
injected into rabbits and a specific antibody had been shown to develop. In 
addition, efforts have been made to demonstrate by means of the complement 
fixation test the presence of antibodies in the blood of cancerous patients which 
react specifically with the lieterophile carcinoma antigen. 

Hirszfeld and Halber’ announced in 1930 that in 10 or 20 per cent of rabbits 
which were injected with alcoholic extracts of cancer tissues, antibodies were 
obtained which reacted with 60 per cent of all tumors tested while these anti- 
bodies did not react with normal tissues. They also tested 300 cancer and 1,700 
normal serums with eholesterinized alcoholic extracts of cancer tissue and found 
50. to 60 per cent of these serums positive in cases of cancer of the inner organs 
but only rarely in cases of cancer of the external tissues. If the serums were 
"Wassermann positive, they were also positive with the cancer antigen. 

AVitebsky and Poplau 2 showed that cancer tissue might be boiled for thirty 
minutes without losing the ability to produce specific antibodies when injected 
into rabbits. They found that subsequent to the injection of cancer material in 
animals, the development of cancer specific serum alterations depend mainly on 
the particular cancer material used but also on the individual rabbit. 

Cohn and Collier 3 found no antibodies resulting from the injection of rabbits 
with the plain alcoholic extract but when they mixed the extract with pig serum 
before injecting it specific antibodies were temporarily produced. Sievers 4 found 
reactions occurring with both immune and normal rabbit serums when using 
cancer extracts. He believes that the complement fixation results from a 
physical-chemical change. Recently, Sapliir and Hh*scliberg, 5 using cholesterin- 
ized alcoholic extracts, found positive fixations in 77.7 per cent of 27 cases of 
cancer. Only one case out of S2 normal controls was positive. All of the serums 
which they tested were Wassermann negative. These workers also think that 
the reaction is of a physical-chemical nature due to the action of the antigen on 
the scrum globulin. 

The older tests were negative for specificity because the crude alcoholic 
extract which was used as antigen contained mixtures of various substances. 
These substances react with a variety of antibodies and it is only bv their re- 
moval that specific reactions may hope to be obtained. 

Medicine"™" 1 thC Departmcnt of Bacteriology and Hygiene. St . Louis University School of 
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A distinct advance was made by Lehmann-Facius. 0 lie realized the neces- 
sity of purifying the antigen and so fractionated the alcoholic extract by use of 
certain organic solvents. That fraction which was soluble in ether, benzene and 
alcohol but insoluble in acetone he found to contain the cancer antigen. This 
fraction he thought to be a phosphatid. By means of this fractionation lie got 
rid of certain fatty acids, fats and cholesterol esters and greatly increased the 
reactivity of the antigen. Like previous workers he found that syphilitic serums 
likewise gave positive reactions with the extract. 

Morellip using a limited number of extracts, reported that she could not 
separate the various fractions by this method of Lehmann-Facius. 

In the present work two points have been studied : first, does the heteropliile 
syphilitic antigen give specific positive reactions with the bloods of cancerous 
patients? Second, is it possible to separate the syphilitic antigen present, in the 
cancer tissue extract from the specific cancer antigen ? 

The method of preparation of the antigen used in these experiments was 
essentially the same as that recommended by Lehmann-Facius. A fresh specimen 
of cancer tissue was obtained from the operating room or autopsy room and 
all normal tissue and fat removed with the aid of scissors. The tissue was then 
ground in a food grinder and placed in a flask containing glass beads together 
with five times the volume of 95 per cent alcohol. The tissue was then extracted 
at 37° C. for eight days, shaking the flask several times a day. 

At the end of this time the extract was filtered through a double filter paper 
and the filtrate constituted the alcoholic extract. For purposes of fractionation 
40 c.c. were placed in a large test, tube and evaporated to dryness in a water- 
bath. The residue was dissolved in 40 c.c. of benzene, the solution filtered and the 
filtrate again evaporated. The residue was dissolved in acetone and the insoluble 
fraction collected by centrifuging the mixture. This insoluble portion was then 
dissolved in petrol ether, filtered and again evaporated. The residue was dis- 
solved in 95 per cent alcohol, the solution filtered and the final volume adjusted 
to one-half of the original. This fraction corresponds to the phosphatid fraction 
of Lehmann-Facius. 

In the later antigens which were prepared, ether and chloroform were used 
in the extraction in addition to the other solvents as a further purification of the 
antigen was apparently obtained when these solvents were employed. The active 
material was soluble in these reagents. These solvents were used after the petrol 
ether. 

Ethylene chloride was also employed as a solvent. The value of this reagent 
was discovered while conducting a series of experiments with solvents, having 
higher boiling points, on the destruction of the antigen by heat. It apparently 
gives quite promising results. The acetone insoluble fraction was dissolved in 
one-lmlf the volume of ethylene chloride, the solution filtered and the filtrate 
evaporated as before. The residue was dissolved in one-fourth the original 
volume of 95 per cent alcohol and the resulting antigen was quite active even 
without cholesterinization. 
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By extracting each antigen several times either with each reagent or with 
certain reagents a further purification might he accomplished. This procedure 
was employed in the more recent extractions and it was found to be of value. 

When the antigen was kept for periods longer than a month it became in- 
creasingly anticomplementary and in spite of dilution it was no longer usable. 

Cholesterinization of some of the antigens was carried out and was per- 
formed by using the technic of Hirszfeld and Ilalber. 8 To 0.35 c.c. of the extract 
was added 0.15 c.c. of a 1 per cent alcoholic solution of eliolesterin. Three cubic 
centimeters of saline were then quickly added and the material mixed with 
shaking. In this form the antigen was very unstable, and it had to be prepared 
just before it was used. 

A AYassermann antigen was also prepared according to the method recom- 
mended by Kolmer and the cancer scrums were all tested for their reaction with 
the syphilitic antigen. 

The patient’s blood was inactivated at 56 2 C. for twenty minutes before 
using it. This inactivation w r as carried out very carefully as heating a positive 
serum at 5S° for fifteen minutes seemed to destroy the antibodies reacting with 
the cancer antigen. In all the experiments increasing dilutions of the serum from 
cancer patients were used in testing the cancer antigens. A 2 per cent suspension 
of sheep cells was used in the indicator system. Two units of amboceptor con- 
tained in 0.5 c.c. -were used in the set-up. 

The antigen was titrated for its hemolytic, anticomplementary and anti- 
genic power. It was used in a dilution which was ten times the titrated strength, 
thus ten units were used; this value was always removed by at least ten or more 
units from the hemolytic and antieomplementary titers or the antigen was con- 
sidered unfit for use. 

For the test proper nine tubes were set up for each serum to be examined. 
The first four contained serum dilutions of 1-5, 1-10, 1-20, and 1-40, respectively. 
The fifth tube contained a 1-5 dilution of the serum but saline was added in 
place of the antigen. The sixth tube contained four-plus syphilitic serum diluted 
1 in 5 and the seventh the same serum but saline in place of the antigen. The 
eighth and ninth tubes contained normal serum diluted 1 in 5, with saline re- 
placing the antigen in the ninth tube. The complement was titrated each day 
just before using it. Headings of the final results were noted as four-plus three- 
plus, etc., depending on the degree of inhibition of hemolysis. 


Twenty-one antigens were made according to the Lehmann-Facius technic 
Not all of them were suitable for use, however, as some did not exliibit sufficien 
difference between the fixing unit and the antieomplementary unit to meet th< 
requirements specified above. . As a rule, the hard, firm tissue made the bes 
antigen; the softer necrotic tissue was less serviceable. Cancer of the inne 
organs provided better antigens than did growths from the outer tissues Tin 
is in agreement with the results obtained by Marzynsky and Silbersf-.wm° *• 
opposite from those of Hirszfeld and Halber. c 

Of seven tumors of the breast only two furnished satisfactory antigens- o 
six tumors of the skm only one furnished a satisfactory antimn- of ’ 

of the gastrointestinal tract (stomach, colon and mtum)^’^^^ 
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Table I 

Complement Fixation by Sebum From Cancer Cases Using as Antigen “Piiosfhatid” 

Antigen From Cancers 


location or tumor 

TOTAL 

total 

NUMBER 

POSITIVE 

NUMBER 

POSITIVE 
AND EARLY 
CASE 

total 

NUMBER 

NEGATIVE 

NUMBER 

NEGATIVE 
AND . 
EARLY CASE 

Breast 

12 

12 



— 

Breast 

1 

— 

_ 

i 

— 

Metastasis from body of 
uterus 

4 

4 

- 

- ; 

- 

Cervix uterus 

5 

5 

_ 

— 


Bectum 

c 

5 

_ 

i 

— 

Stomach 

1 

— 

_ 

i 

i 

Skin (various locations) 

s 

2 

i 

6 

5 

Buccal cavity 

2 

n 

2 

~ 

- 

Tongue 

2 

— 

- 1 

2 

2 

Larynx 

1 

i 

_ 

— 

- 

Esophagus 

2 

i 

i 

i 

1 

Unknown 

7 

4 

- 

3 

1 

Totals 

i 51 

36 

4 

15 



tracts; three metastatic tumors (lung, liver and pelvis) also gave good antigens; 
and one tumor of the testicle gave a good antigen. 

The antigenic titer of the acetone insoluble fractions of the antigen varied 
between 1.150 and 1.1500 for cancer serum and between 1.50 and 1.100 for 
syphilitic serum. The selected cholesterinizcd antigens fixed the complement 
in titers of 1.400 to 1.4000 in the presence of cancer serum and between 1.300 
and 1.2000 with syphilitic serum. The ethylene chloride fraction gave a titer 
of 1.4000 to 1.5000 with the cancer serum and less than 1.1000 with syphilitic 
serum. It is apparent that quantitatively there does seem to be a certain limited 
degree of specificity of the cancer antigen. This was, however, not evident in all 
the cancer antigens. It also appears that the ethylene chloride fraction shows 
this specificity more markedly than the other less highly purified antigens. 

The serums from fifty-one eases of carcinoma were tested with Lehmann- 
Facius’ phosphated antigen, either with or without addition of cholesterin and 
positive reactions obtained in about 70 per cent (Table I). All of these serums 
were Wasscrmann negative. One hundred and seven syphilitic serums which 
gave a 4+ reaction with the Ivolmer antigen were examined with the same 
antigens and all but two of them reacted positively with the acetone insoluble 
fractions prepared according to Lehmann-Facius. With ninety-two normal con- 
trol serums one positive reaction was obtained. Ten serums from tuberculous 
patients gave negative reactions as did two from eases of adenoma of the breast. 

These results compare quite favorably with those of Simon and Thomas 10 
and Hirszfeld and Ilalber. As has been stated, it is generally accepted that the 
alcoholic extracts from cancer tissue will react with syphilitic serums and even 
upon fractionation of the antigen not all of the syphilitic antigen is removed. 
Our results also bear out the claims of Lehmann-Facius that a more active, puri- 
fied form of the antigen may be obtained by the method of fractionation used. 

The patient’s serum gave stronger reactions when the involvement by the 
orowth was more extensive. There was quite a close correlation between the 
extent to which the cancer had advanced and the reaction obtained. Practically 
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all of those serums giving negative reactions were from patients upon whom the 
diagnosis of cancer in the early stages had been made. 

The use of ethylene chloride in the fractionation allowed an earlier detection 
of cancer by this reaction than did the plain phosphatid fraction. Serums that 
were negative with the latter antigen gave two- and three-plus reactions with 
the ethylene chloride antigen. Only three satisfactory antigens were prepared 
by this method and twenty-eight serums tested so that the results are not as 
valuable as if a greater number had been used. All twenty-eight serums were, 
however, positive. Several of these serums were from cases of early carcinoma 
and some were from cases which had given a negative reaction with the Lehmann- 
Facius phosphatid antigen. 

Twenty-seven syphilitic serums were tested with these three ethylene chloride 
antigens and sixteen were positive while eleven were negative. This apparently 
indicates a purification of the cancer antigen and removal of some of the Wasser- 
mann antigen. 

On the other hand, out of eleven normal serums tested with this purified 
antigen, four gave positive reactions. This would seem to indicate that the 
purification of the antigen had made it too reactive. 

The fact that syphilitic serums gave reactions with extracts from cancer 
tissue was recognized quite early by the men in this field. Hirszfeld and Halber, 
Witebsky and Poplau, Marzynslcy and Silberstrom, Lelimann-Facius and others 
all finding fixation with syphilitic serums. This may be explained either on the 
basis that the cancer antigen contains the syphilitic antigen also or that the 
syphilitic serum contains the cancer antibodies. Lelimann-Facius believes 
the former to he true and this is home out in the present work. 

On the other hand, Hirszfeld and Halber 11 think that it is the antigen found 
in the blood Group A or AB individuals that is active. In order to check this 
concept antigens were prepared by alcohol extraction of erythrocytes of several 
Group A individuals and also one Group B individual. None of the antigens 
so prepared gave positive complement fixation with either serum from syphilitic 
or cancerous individuals. In the present work all but six of the bloods from 
cancer patients were typed, but as far as could be determined the grouping 
did not influence the results. 

In typing the bloods of the cancer patients in regard to the blood groups it 
was noticed that there was an unusually high number of individuals falling in 
Group A. This fact does not seem to be related to any known factor. Of the 
45 persons typed who were suffering from a cancer, 55 per cent were in this 
group. 

A further indication that both syphilitic and cancer antigens are present 
in the cancer extract is the fact that the cancer antigen is destroyed by certain 
alkaline reagents while the syphilitic antigen remains intact. This was accom- 
plished by dissolving the acetone insoluble residue of the cancer extract in 
pyridine, filtering, dissolving the residue obtained after evaporating the pyridine 
in amyl alcohol, filtering of the insoluble portion and evaporating off the amvl 
alcohol. When this residue was dissolved in 95 per cent alcohol and tested fol- 
ds antigenic power with cancer positive serum, the fixing ability had entirely 
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disappeared. The same is true when using ethylene diamine, and yet fixations 
were obtained with these same fractions with syphilitic serums. When ethylene 
glycoll is used, both the antigens are destroyed. 

The destruction of the cancer antigen was shown not to be due merely to the 
heat necessary to evaporate the solvent. By using distillation in the vacuum 
chamber the liquids boiled under 70° C. and still the cancer antigen was de- 
stroyed. By heating the acetone insoluble fraction in a cotton seed oil bath, it 
was found to be stable at 125° C. for half an hour and gave fixation with cancer 
and syphilitic serum. From these results it would seem that both the cancer 
antigen and the syphilitic antigen are present in the cancer extract and that they 
have characteristically distinct properties. 

If this assumption is made, the problem still remains to separate the two 
substances and the most promising method for accomplishing this seems to be 
fractionation and repeated extraction with various organic solvents. There is 
the danger, of course, that this may be carried too far and one may obtain a 
nonspecifieally sensitive antigen. The ethylene chloride fraction gave several 
positive reactions with normal serums, and this is a factor which must be taken 
into consideration. With the phosphatid fraction only one normal control serum 
gave a positive test. 

It seems evident from these studies that the antigens which are active in 
syphilitic complement fixation reactions and in cancer fixation reactions are prob- 
ably not identical, and it should be possible by further study to separate these 
two antigens. It does not necessarily follow that the complement fixation re- 
action with the cancer antigen will prove to be of clinical value but certainly 
further study is suggested. 


CONCLUSIONS 

By fractionating according to Lehmann-Facius the alcoholic extract of 
cancer tissue, positive complement fixation reactions were obtained in 70 per cent 
of 51 cases of carcinoma examined. Of 2S carcinoma serums tested with the 
ethylene chloride antigen, 100 per cent were positive. With the cholesterinized 
phosphatid fraction of the alcoholic extract all but 2 of 107 four-plus syphilitic 
serums reacted positively. With the ethylene chloride fraction, out of 27 four- 
plus syphilitic serums tested, 11 were negative. Out of 92 normal serums one 
gave positive reactions with the phosphatid fraction while out of 11 such serums 
4 were positive with the ethylene chloride fraction. 

The antigen concerned in fixation with cancer serums is not destroyed by 
heating to 125° C. but is destroyed by certain alkaline reagents. The cancer 
antigen apparently is different from the syphilitic antigen, and it appears prob- 
able that these two antigens may be separated. 
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THE SERUM CALCIUM IN ARTHRITIS* 


Edward F. Hartung, M.D., and Carl H. Greene, M.D., New York, N. Y. 


W HILE it is generally accepted at the present time that arthritis is a con- 
stitutional disease, it is equally true that the most striking clinical mani- 
festations are those in the bones and joints. The ordinary clinical classification 
into atrophic and hypertrophic forms bears witness to the variety of the osseous 
changes. In the rheumatoid or atrophic form of arthritis there is a generalized 
decalcification and rarefaction of the bones involved. This is most marked at 
the epiphysis but usually involves the cortex of the shaft to a lesser degree. In 
osteoarthritis or hypertrophic arthritis the process of decalcification is not so 
marked, but there is a simultaneous deposition of new bone which produces 
calcified excrescences at the chondro-osseous junctions and ebumation at the 
denuded areas of epiphysis. It is claimed that the fundamental and initial lesion 
in osteoarthritis is one of erosion of the articular cartilage and that the osseous 
changes are secondary and perhaps compensatory in character. There is no 
question, however, that the metabolism of the bone is altered in both forms of 
arthritis. 


The study of changes in the metabolism of bone is difficult. The mineral 
balance of the body is not easy to determine, and there have been only a few 
cases of arthritis in which the calcium balance has been determined satisfactorily 
The results in these latter have been, for the most part, inconclusive. This 
perhaps is to be expected, for arthritis is a chronic disease and a disturbance in 
the calcium metabolism, too small to be demonstrated conclusively in a balance 
experiment of a few days’ duration, would produce cumulative effects of a 
markcd a n d extensive character in the course of months or years 
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Further attempts have been made to demonstrate changes in calcium metab- 
olism in arthritis by a study of the calcium content of the blood serum. Previ- 
ously reported data on this subject have been contradictory and inconclusive. 
Weil and Guillaumin , 1 Watehom , 2 Horowitz , 3 and Mark 4 all report the serum 
calcium to be increased in arthritis and especially in arthritis deformans. 
Ssamarin , 5 Copp , 6 Funsten , 7 and Morellc s report that the serum calcium is nor- 
mal in many cases, but that it may be elevated in a proportion of the cases 
especially in osteoarthritis. This proportion varies from an occasional case 
according to Morelle who not only reported a series of twenty cases but 
collected many others from the literature, to two-thirds of the cases reported 
by Ssamarin and Copp. Other investigations as Cajori and Crouter , 0 
Jung and Hakki , 10 Bastos and Mazo , 11 Gold , 12 Naehlas , 13 Bauer , 14 or Battistini 
and Robecchi 15 report that the serum calcium is normal in the various types of 
arthritis. The determination of the behavior of serum calcium in arthritis is 
important, for the role of the parathyroid glands in regulating calcium metab- 
olism has been fully established and an elevation of the serum calcium is one of 
the diagnostic points in the syndrome of hyperparathyroidism produced by 
tumors of the parathyroid glands. Even in the absence of parathyroid tumor 
various surgeons as Oppel 16 and Ballin 17 have argued that the finding of an 
elevated serum calcium in a case of arthritis is evidence of hyperactivity of the 
parathyroid glands and have surgically removed one or more of the latter. This 
contention has been a source of a great deal of controversy. That there is any 
relationship between overactivity of the parathyroid glands and arthritis has 
been denied even more emphatically than it has been affirmed. It should not be 
affirmed, or parathyroidectomy undertaken, on the basis of a single determina- 
tion of the serum calcium. 

Our own experience has convinced us that the determination of the serum 
calcium is liable to technical error. If the technic is carefully standardized and 
rigidly carried out extremely uniform results are obtainable. Unless this is 
done, however, very different results may be obtained, in different laboratories 
or even by two technicians in the same laboratory, without obvious analytical 
error in either case. Because of this factor the demonstration of an elevation 
of the serum calcium in any disease is much more significant if compared with a 
series of control determinations made in the same laboratory. Furthermore, as 
emphasized by Bauer the serum calcium is continuously' elevated in cases of 
parathyroid tumor. A single elevated determination in a series done on one 
patient, is more likely to be due to technical error than to the transitory’- para- 
thyroid hyperactivity as reported by Funsten . 1 

Many of the investigators as Cajori and Crouter, Naehlas, and Bauer, who 
have reported normal values for the serum calcium in arthritis have not reported 
their data in detail or else the number of cases studied was too small to make the 
data authoritative. We have, therefore, attempted to answer these questions 
by a study' of the calcium content of the serum in a sufficiently' large group of 
cases of arthritis to permit of a statistical analysis of the results. 
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MATERIAL AND METHODS 

The subjects for this study were patients in the Arthritis Clinic of the 
New York Post-Graduate Hospital. A series of fifty eases of rheumatoid 
arthritis and a like number of cases of osteoarthritis were taken in sequence. 
Blood specimens were obtained by venipuncture two or three hours after break- 
fast. The serum calcium was determined by the Clark-Collip Modification of the 
Kramer-Tisdall Method. The cases therefore all came from one clinic and the 
determinations were done in one laboratory. 

CONTROLS 

The usually accepted normal range of valuation for the serum is between 
9.0 and 11.0 mg. per 100 c.c. 18 - 10 Various authors have reported small groups 
but the largest control group is that of S52 cases reported by Greene and 
Boothby 20 from the Mayo Clinic. In the present series we have studied a group 
of fifty hospital cases in which there was no obvious metabolic or other disturb- 
ance which might affect calcium metabolism and a second group of 128 ambula- 
tory cases referred from the private practice of various staff members. These 
cases were not especially selected and so may be expected to show a greater de- 
gree of variability than our first group. The formulas used in the statistical 
analyses of our results are to be found in the standard textbooks on statistics. 21 ’ 22 

RESULTS 

The serum calcium of fifty cases of rheumatoid arthritis is given in Table I 
The mean and standard deviation of this group was 10.218 ± 0.699 mg. per 100 


Table I 

The Serum Calcium in Rheumatoid Arthritis 
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c.c. The average age of this group of patients was forty-one years, and 84 per 
cent were women. 

The serum calcium of fifty cases of osteoai'thritis is given in Table II. The 
mean and standard deviation of this group was 9.9S6 + 0.616 mg. per 100 c.c. 
This group of patients was older, for the average age was fifty-two years. Eighty 
per cent were women. 


Table II 


The Serum Oai.cium in Osteoarthritis 


CASE 

AGE j 

; i 

SEX 

SERUM 
CALCIUM 
MO. PER 

100 C.C. 

CASE 

AGE 

SEX 

i 

SERUM 
CALCIUM 
MG. PEP. 
100 C.C. 

i 

i 40 

F 

10.0 

26 

6S 

F j 

9.5 

2 

i 52 

M 

10.6 

27 

52 

F 

10.6 

3 

41 

F 

9.5 


49 

At 

9.6 

4 

5S 

F 

9.3 


48 

F 

11.3 

5 

52 

F 

9.5 

30 

50 

At 

10.6 

6 

27 

M 

9.8 

31 

61 


9.9 

7 

53 

At 

10.S 

32 

63 


11.4 

8 

64 

F 

9.6 

33 

62 


9.9 

9 

50 

F 

10.9 

34 

35 


9.6 

10 

62 

F 

10.C 

35 

5S 


10.4 

11 

31 

At 

9.6 

36 

52 

F 

9.8 

12 

57 



37 

58 

Ar 

11.2 

13 

48 

1 1 i 

h K - . n 

38 

57 

F 

9.2 

14 

50 



39 

63 

F 

9.8 

15 

55 

F 

10.9 

40 

4S 

F 

9.7 

16 

46 

F 

10.8 

41 

45 

F 

9.6 

17 

46 

F 

9.5 

42 

49 

F 

9.7 

IS 

60 

F 

10.2 

43 

42 

F 

9.3 

19 

46 

F 

9.7 

44 

74 

F 

9.S 

20 

50 

At 

11.1 

45 

[ 69 

F 

9.8 

21 i 

53 

F 

9.5 

40 

5G 

F 

9.1 

22 ! 

45 

F 

9.8 

47 

39 

F 

9.7 

23 

59 

F 

10.2 

48 

53 

At 

9.1 

24 

53 

F 

10.1 

49 

52 

F 

10.6 

25 

53 | 

F 

9.0 

50 

52 

F 

10.3 


Table III 


Serum Cai.cium 





MG. PER 

100 C.C. 


type of case 

. 

NUMBER 

OF 

CASES 

MEAN 

probable 

ERROR 

OF MEAN 

STANDARD 

deviation 

probable 

ERROR OP 
STANDARD 
DEVIATION 

Control 

Greene and Bootliby 
Control, New York" Post- 
Graduate Hospital 
Hospital patients 

Private patients 
Rheumatoid arthritis 
Osteoarthritis 

852 

50 

128 

50 

50 

10.241 

10.274 

10.231 

10.218 

9.986 

±0.015 

±0.060 

±0.046 

±0.067 

±0.059 

0.647 

0.622 

0.777 

0.699 

0.616 

0.010 

0.042 

0.033 

0.048 

0.042 


The statistical analysis of these two groups of patients, toget lei iu 
control series, is given in Table III. Greene and Boothby min 1( ? ™ 
serum calcium of their control group to be 10.241 ± 0. < mg. ie 
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the control group from this laboratory give almost identical values, namely, 
10.274 ± 0.622 mg. per 100 c.c. Using these figures it may he said that approxi- 
mately 68 per cent of control cases have a serum calcium between 9.6 and 10.9 
mg. and 95 per cent between 9.0 and 11.5 mg. per 100 c.c. 


niscussioN 

The changes in the serum calcium in arthritis are not marked, for of the 
whole group of 100 cases studied, the values for the serum calcium were out- 
side of this normal range of 9.0 to 11.5 mg. per 100 c.c. in only three cases. 
There was no evidence that hyperactivity of the parathyroid glands was a 
factor in the production of arthritis. The mean serum calcium of the cases 
of rheumatoid arthritis was 10.218 ± 0.699 mg. This value is practically the 
same as that found in the control cases. 

In osteoarthritis the mean was 9.986 ± 0.616 mg. This value is significantly 
lower than that found in the control group, the difference between the means 
being 3.4 times the probable error of the difference. We may, therefore, say 
with assurance that while individual cases of osteoarthritis show a serum calcium 
within the normal range, the trend is downward and that in this series of cases 
the mean value was significantly lowered. The difference between the serum 
calcium level in cases of rheumatoid arthritis and that in osteoarthritis is further 
evidence that these two conditions represent different clinical entities. 

Our present knowledge of the etiologic factors in osteoarthritis does not afford 
an explanation for the tendency toward a lowered serum calcium in this condi- 
tion. The decrease may be due to a fundamental change in the calcium metab- 
olism either as a result of the local lesions or as part of a general constitutional 
reaction. Before changes in the serum calcium can be considered the specific 
result of the disease process, however, the influence of various associated factors 
which may have an effect on calcium metabolism must be excluded. 

Age is such a factor, for patients with osteoarthritis usually belong to a 
somewhat older age group than do those with rheumatoid arthritis. Greisheimer, 
Johnson and Ryan 23 reported that in adults the serum calcium decreased slightly 
with age. Also a considerable proportion of older individuals show a decrease 
in the acidity of the gastric juice. This hypochlorhydria or achlorhydria may 
reduce the absorption of calcium from the intestine either as a result of changes 
in the reaction of the intestinal contents or in the permeability of the intestinal 
wall. Many patients with arthritis are anemic. There is a tendency for the 
serum calcium to be reduced in anemia either as a result of the anemia or be- 
cause of a concomitant reduction in the scrum proteins. 

These and probably numerous other factors may be of importance in pro- 
ducing the slight reduction in the serum calcium in osteoarthritis. At the present 
time no single factor can be accepted as responsible for the changes noted and 
much further information is needed before the relative importance of each can 
be determined. 

SUMMARY 


. The Valu f * or tlve mean and the standard deviation of the serum calciun 
in a group of 50 cases of rheumatoid arthritis were 10.218 ± 0.699 mg pe 
100 c.c. These values were essentially the same as those found in control cases 
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The values for the mean and the standard deviation of the serum calcium 
in a group of 50 cases of osteoarthritis were 9.986 ± 0.616 mg. per 100 c.c. 
The changes in the serum calcium in any individual are perhaps without direct 
clinical significance, but the trend in the group represents a statistically sig- 
nificant reduction in the mean calcium level. The reason for this change is not 
obvious. Its presence in osteoarthritis and absence in rheumatoid arthritis 
are further evidences that these two conditions represent separate clinical 
entities. 

This study of the serum calcium furnishes no evidence that hyperactivity 
of the parathyroid glands is a factor in the production of arthritis. 
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OCCLUSION OF THE PORTAL VEIN* 


Ax Experimental. Study With Its Clinical Application 


Frederick Fitzherbert Boyce, B.S., M.D., Ralph Lampert, B.S., M.D., and 
Elizabeth M. McFetridge, M.A., New Orleans, La. 


O UR interest in experimental occlusion of the portal vein arose accidentally, 
in the course of a study of so-called “liver deaths,” as one phase of which 
we endeavored to produce necrosis of the liver by various forms of interference 
with its blood supply. In this endeavor we failed, chiefly because all the animals 
in which complete occlusion was done in a single stage died within a few hours, 
before such changes could possibly ensue. Our interest in the subject was in- 
creased by the appearance, during these experiments, of Elman and Cole’s paper 
on the cause of death in portal occlusion, and we determined to undertake a 
similar investigation, the results of which, together with their apparent clinical 
application, we are reporting herewith. 


HISTORICAL DATA 


Experimental ligation of the portal vein was first attempted in 1856 and 
the clinical implications of such a procedure have been recognized for many 
years, but so little has been written on the subject that it is almost necessary 
to begin any discussion of it with a brief review of the literature. Much of the 
historical data which follow are taken from the excellent survey by Neuhof which 
appeared in 1913. 

Ore, in 1856, first demonstrated that ligation of the portal vein in rabbits 
results in prompt death, his experiments being corroborated on dogs by Claude 
Bernard in 1858 and by Scliiff in 1863. Bernard attempted no explanation of 
the fatality until 1877, when he advanced the idea that death was caused by ex- 
sanguination, which in turn was due to a stasis of blood in the gastrointestinal 
tract. He apparently overlooked the experimental proof adduced by Tappen- 
heimer five years before, which we ourselves have just confirmed, that more blood 
can be withdrawn from a dog by venesection without fatal issue than is ac- 
cumulated in the gastrointestinal tract after portal ligation. Schiff’s explana- 
tion that death is due to suppression of liver function is no longer tenable, since 
it has been repeatedly proved that the existence. of an Eck fistula is not incom- 
patible with life. 


In 1875 Solowieff proved experimentally that animals can survive the liba- 
tion singly, at intervals of five to six days, of the superior mesenteric the gastro 
hc P atlc aild thc P° rtal vcins > ™ d Neuhof, in 1913, confirmed his finding, al 
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though Ito and Omi did not in the single experiment which thcj' reported in 
1901. Kusnetzow's demonstration in 1900 that ligation of the portal vein below 
the entrance of the gastrohepatic vein is fatal, whereas occlusion above this point 
is not fatal, was not confirmed by any of the last-mentioned workers. Neuhof, 
however, proved that gradually induced occlusion of the portal vein is not in- 
compatible with life, and pointed out that under such circumstances there are 
no changes of consequence in the liver because of the development of a collateral 
circulation in the gastrohepatic omentum. 

The extensive experiments in portal occlusion reported from various Russian 
clinics are not entirely in accord with the results of the experiments just out- 
lined. Roger, for instance, was able to ligate the portal vein for three hours 
in a dog and half an hour in a rabbit without serious damage, and Duehinowa, 
in a large number of cases, found it possible to compress the portal vein for 
thirty-five minutes with no apparent ill effect. Moreover, the blood studies re- 
ported by Tschemikoff and his coworkers were done in many cases on animals 
subjected to repeated compression and decompression of the portal vein. 

Elman and Cole, writing in 1934, conclude that in portal occlusion death 
can be explained entirely on the basis of a loss of blood from the systemic into 
the portal area of such magnitude that the blood pi'essure is reduced to a point 
incompatible with life and is maintained at this critical level until death occurs. 
They point out, in support of this hypothesis : 

1. That the behavior and appearance of animals subjected to portal oc- 
clusion corresponds in all respects with the behavior and appearance of animals 
who die after blood loss due to frank hemorrhage. 

2. That the use of transfusion after portal ligation elevates the blood pres- 
sure temporarily and postpones death, even though it cannot avert it. 

3. That the same results are achieved by ligation of the aorta above the 
celiac axis, which prevents blood from entering the splanchnic area. 

4. That the engorged intestinal tract cannot aid in supplying loss of fluid, 
as it can in shock due to other causes. 

To consider the question in its clinical aspects, Gintrac, in 1857, collected 
six cases of pathologic portal occlusion, and a considerable number of such cases 
have since been reported. The number, furthermore, is undoubtedly greater 
than is apparent from the literature, partly because, as always happens, many 
cases are not reported, partly because others are included in paper's dealing 
with other subjects. We recently found, for instance, in a publication by 
C. H. Peck on pain in the upper abdomen and chest, the report of a case of 
complete portal stenosis for which operation had been undertaken on a mistaken 
diagnosis of perforated duodenal ulcer, the patient being alive and well eight 
years later. 

Ransalioff, in 1908, noted that even temporary constriction of the portal 
vein during operations on the gall ducts causes a sharp and prompt fall in 
blood pressure, and concluded that if the pressure were continued, the phenom- 
ena attending portal ligation in animals would undoubtedly be reproduced. 
Villard reports the loss of a patient because of temporary pressure on the portal 
vein with a tampon during an operation for biliary disease. On the other hand 
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Krymliolz reports a personal case in which he compressed the portal vein for 
eight minutes to check hemorrhage in an incised wound of the liver, and Colp 
reports that in the eases in which he attempted portal ligation as a deliberate 
therapeutic procedure for pylephlebitis of appendiceal origin, tentative compres- 
sion of the vein, with subsequent occlusion, had no immediate untoward results, 
although all the cases were eventually fatal. The clinical and experimental ob- 
servations are at variance in many respects, but it is safe to state categorically 
that all the clinical evidence goes to prove that gradual occlusion of the portal 
vein as the result of some pathologic process is not the same as abruptly pro- 
duced experimental occlusion. 


EXPERIMENTAL DATA 


All our experiments were performed under the same controlled conditions. 
Dogs were selected for use only after the competency of their renal function 
had been established, and they were prepared for sixty hours; they were given 
only milk during the first twenty-four hours and only water during the second 
twenty-four hours, and they were deprived of all food and fluids during the final 
twelve hours. They were weighed immediately before operation, and they were 
anesthetized either with intravenous veterinary nembutal (kindly supplied to 
ns by the Abbott Laboratories) or a light ether narcosis. 


Series 1. — A. Rapid evisceration was done through a midline incision, and 
the eviscerated mass, which consisted of the entire gastrointestinal tract from the 
cardiac end of the stomach to the anus, together with the pancreas and the 
spleen, was ligated, to guard against loss of blood and intestinal contents. This 
mass was then weighed, to determine its relation to the body weight of the 
animal. The average in seven dogs was 6.87 per cent. 

B. Through a midline incision an aluminum band was placed on the portal 
vein just below its bifurcation. Seven dogs were used. Profound shock was 
promptly evident in them all, and death followed in from thirty-three to one 
hundred thirty-four minutes, the average duration of life being eiglity-seven 
minutes. Immediately after death evisceration was done, by the method just 
described, and the eviscerated mass was weighed and its weight checked against 
the body weight. The proportion ranged from 7.98 per cent to 10.9 per cent, 
the average being 9.92 per cent, in contrast to the average normal proportion 
of 6.87 per cent. The loss of blood into the intestinal tract, therefore, varied 
from 1.11 per cent to 4.03 per cent of the body weight, with an average of 
3.05 per cent in the seven dogs. 

In all cases there was an insignificant rise in the leucocyte count after 
operation, but no other changes in the total and differential blood count or in 
the blood chemistry. The clotting time showed a decrease of from ten to thirty- 
five seconds within the first half hour after operation, a finding which we shall 
discuss in more detail later. 


. C - In onc d °S P° rtal occlusion was done by the method described, following 
which 685 c.c. of glucose solution were given intravenously This do^ lived for 
three hours and ten minutes and was the only animal subjected to porta! occlusion 
which was able to stand up after operation or which showed any recovery from 
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his shock. Such a measure, like the transfusions reported by Elman and Cole, 
can evidently postpone death temporarily if it is promptly invoked. At autopsy 
this dog had 250 e.c. of fluid in the peritoneal cavity, a finding which was noted 
in no other animal in the series. 

D. A control series of dogs were bled from 4 to 5 per cent of their body 
weight, an average of 4.56 per cent. In some instances the venesection was done 
in one stage, in others it was spaced, to correspond with the average duration of 
life after portal occlusion. In no ease was marked shock evident, and in no case 
did death follow the procedure. Another dog, however, which was bled 5.8 
per cent of his body weight at one time, exhibited profound shock and died 
within ninety minutes. 

Series II. — A. Two dogs subjected to occlusion of more than two-thirds of 
the portal vein in one stage died within three and a half hours and eighteen 
horn’s, respectively. 

B. One dog was subjected to occlusion of the right portal vein, followed 
within a week by occlusion of the left portal vein. A second dog was subjected 
to occlusion of the left portal vein, followed within ten days by occlusion of 
the right portal vein. Both dogs died within two hours of the second operation. 

C. In one dog half of the portal vein was occluded, then three-quarters, and 
then the entire vein, at intervals of five to seven days. In the second dog oc- 
clusion of two-thirds of the vein was done at the first operation and the occlusion 
was completed a week later. In neither animal was there any evidence of shock 
and both were to all appearances perfectly normal when they were sacrificed. 

Five weeks after the last operation the abdomen was opened and the portal 
vein was injected below the point of obstruction, in one case with lead chromate, 
in the other with a solution of carmine treated with ammonia in gelatin. In 
both animals an abundant collateral circulation could be traced through three 
distinct venous channels : 

1. Gastric to esophageal. 

2. Duodenal and colic to left renal. 

3. Inferior mesenteric to hemorrhoidal to hypogasti'ic. 

Series III . — Simultaneous ligation of the portal vein and of the gastric, 
splenic, and inferior and superior mesenteric arteries, with the idea of pre- 
venting part of the blood from entering the portal system, was followed by 
death within ninety minutes. Elman and Cole, in a similar experiment, were 
able to keep their animals alive more than six hours by the use of transfusion, 
and noted that less blood was required to achieve this result than when arterial 
ligation was not done. 

From these three groups of experiments we have drawn the following con- 
clusions : 

1. Occlusion of the portal vein in a single stage is invariably fatal, as is 
successive occlusion of the portal branches or the occlusion of more than two- 
thirds of the vein at any one time. 
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2. Stage occlusion, as Neuhof originally proved, is not incompatible with 
life because, this method permits the development of an abundant collateral 
circulation which takes over the task of the portal circulation. 

3. The explanation advanced by Elman and Cole for the cause of death in 
portal occlusion, that the loss of blood into the gastrointestinal tract produces a 
fall in the blood pressure to a point incompatible with life, is not acceptable. 
That the blood loss plays an important part in the fatal issue cannot be denied, 
but that it is the only cause of death, or even the principal cause, we do not 
believe, for we have proved, as Tappenheimer proved in 1872, that in order to 
cause death, the animals must he bled by venesection far beyond tire blood loss 
iiito the intestinal tract after portal occlusion. Furthermore, we do not believe 
that the relatively abrupt fall in blood pressure after portal occlusion is likely 
to be caused by the relatively slow loss of blood into the intestinal tract. Finally, 
an additional argument against the theory is the fact that the greatest volume 
of blood which reaches the right heart by way of the inferior vena cava does 
not come from the liver. 

4. Our own theory is that death after portal obstruction is to be explained 
in two ways, the first explanation having to do with the initial fall in the blood 
pressure, the second with its maintenance at a level incompatible with life. The 
initial fall, in our opinion, is brought about by the same neurogenic factor, with 
the same resulting inhibition, as is present in primary shock, plus the abrupt 
shunting of a large amount of blood from the general circulation, which im- 
plies, in turn, a corresponding decrease in the volume of the circulating blood. 
The maintenance of the blood pressure at the critical level is also due to two 
things. In the fii'st place, there is a continued gradual withdrawal of more and 
more blood from the general circulation into an area from which it cannot escape, 
with a corresponding gradual decrease in the volume of the circulating blood; 
in the second place, there is a stagnation in the intestinal tract of the blood thus 
diverted, which has the same effect as the loss of the same amount of blood would 
have in any other hemorrhagic condition. The neurogenic factor, it seems to us, 
is amply established by the experiments of Thole, who demonstrated that when 
the vagus nerve is sectioned before portal occlusion is done, the drop in the 
blood pressure is more gradual and the duration of life is longer, though death is 
just as inevitable. The decerebration experiments of various other Russian in- 
vestigators are confusing rather than helpful, it seems to us, because the pro- 
cedure of deeerebration in itself introduces factors which hopelessly cloud the 
issue. 


5. The decrease in the clotting time of the blood which we observed in our 
experiments is entirely in keeping with the changes reported by Russian in- 
vestigators following portal ligation. The decrease is more notable terminally 
than initially, but we did not carry our studies beyond the Hist half hour after 
operation, because their work is so complete. In all the cases which they report 
the decrease was very marked; in one ease reported by Tschemikoff and his co 
workers, for instance, the clotting time fell from three minutes ten seconds before 
operation to fifteen seconds within eighty minutes after operation. There was al 
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ways a prompt return to normal figures when only temporary ligation was done, 
but the longer the compression had endured the slower was the return to normal. 

Why this decrease should occur is not clear. The original observation was 
made accidentally, when it was noted that after portal occlusion the cannulas 
in use promptly became choked with clotted blood. Liver changes do not seem 
responsible, for death occurs too promptly after operation for the liver sub- 
stance to be seriously affected. The theory that the spleen delivers into the 
circulation certain products which tend to lower coagulability does not hold, 
for in some experiments the splenic circulation was tied off before portal oc- 
clusion was done. Detailed morphologic and chemical blood studies revealed no 
significant blood changes. Brandos and Simonds' explanation of a similar de- 
crease in the clotting time after mechanical constriction of the hepatic vein, that 
the heparin in the blood is used up too rapidly, cannot be accepted here, for the 
source of the supply of heparin is not altered by portal occlusion. The specu- 
lative explanation advanced by Tsehernikoff and his coworkers, that some ob- 
scure functional disturbance of the intestine is responsible, is at least reason- 
able, for the effect of the products of intestinal metabolism under such circum- 
stances is undoubtedly very important. Their results are as yet inconclusive, 
and we propose to continue our own investigations along the line they have sug- 
gested and to stud}' the effect upon the blood of lymph obtained from the gastro- 
intestinal tract by way of the thoracic duct. 


CLINICS L CONSIDER.* TIONS 


The idea of ligation of the affected vein for pyemia of various origins is no 
new thing. John Hunter did it successfully on the saphenous vein in 17S4, and 
in the following century many similar attempts were reported, though all of 
them did not end so well. General interest in the operation, however, was not 
aroused until Zauful, in 1S94, suggested its application to the internal jugular 
vein in pyemia of otitic origin and Viereck, seven years later, reported 10S 
such cases with reeoveiy in S9. 

The operation was next applied to puerperal pyemia. In 1894 and in 1898 
Sippel and Freund had proposed treating this disease by excision of the af- 
fected pelvic veins, in addition to hysterectomy , but the mortality of the latter 
procedure was in itself so appalling that their suggestion won little attention 
and less approval. In 1902, however, Trendelenburg and Bumm published their 
results with simple ligation of the pelvic veins in puerperal pyemia, and Hiller's 
comprehensive study in 1917 established beyond doubt the wisdom of this pro- 
cedure in the occasional properly selected case. The latter's collected statistics 
show a gross mortality of 51.6 per cent, and a corrected mortality, for properly 
chosen eases, of 33.9 per cent, and there can be no question that such a reduction 
in the mortality of a disease which, untreated, exhibits a death rate of 60 to 70 
per cent, warrants earnest consideration of the method winch has brought it 

about. z' ' ' 

The theory ' of a similar procedure in pylephlebitis of ap- 
pendiceal c”’ ae-^-hof was the first to point out. That ap- 

pendicitis ' 


as^Z^ ■ hof was the first to point out. 

it disease in this condition is not nearly 
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so important a consideration as the fact that pylephlebitis is a complication of 
acute appendicitis in a definite, although small, percentage of all cases, es- 
pecially in old people, and the fact that it is variously estimated to be responsible 
for from 5 to 10 per cent of all fatal cases. Moreover, while recoveries after it 
are recorded, although many of the reported cases leave one with the impres- 
sion that the cure occurred when the existence of the complication was never 
proved, the mortality is still enormous. It was, 59 per cent in the 53 cases col- 
lected by Eliason, who comments, with reason, upon the wide discrepancy be- 
tween the 20 recoveries in the 23 cases collected by Schlesinger (which are in- 
cluded in his 53 cases) and the 7 recoveries in the 30 cases which he himself 
collected. It seems scarcely necessary to point out that the latter figures are 
far more in keeping with the experience of most surgeons than are the former. 

In a disease of such gravity heroic measures are undoubtedly justified, but 
one must be certain, before adopting them, that they are not too heroic. In the 
first place, the operation is frequently done too late even when it is done im- 
mediately, for thrombophlebitis may be coincident with the clinical onset of the 
disease, as in the ease mentioned by Keyes, in which death occurred from this 
complication four days after the removal of an acutely inflamed but nonsup- 
purative appendix. In the second plaee, although the fundamental pathologic 
process is the same and the fundamental principle of treatment is the same, there 
is an even wider difference between ligation of the portal vein and ligation of 
the pelvic veins than between ligation of the pelvic veins and ligation of the in- 
ternal jugular vein. Venous ligation in an area drained by one vein and a 
similar procedure in an area drained by many veins are by no means the same 
thing. In the third place, as we have already pointed out, there is a wide dif- 
ference between gradual occlusion of the portal vein by a slow pathologic process, 
and its abrupt mechanical occlusion by a surgical procedure. Finally, and most 
important, all the experimental evidence and most of the clinical evidence forces 
one to the conclusion that portal occlusion is either entirely incompatible with 
life or introduces so serious a degree of risk that the remedy threatens to be 
even worse than the disease for which it is invoked. 


But the remedy has been tried. Beer, following Neuhof 's suggestion, under- 
took deliberate ligation of the portal vein in pylephlebitis of appendiceal origin 
and as the first step attempted to anastomose the spermatic vein with a branch 
of the inferior mesenteric vein, witn the idea of increasing the collateral circula- 
tion. When the attempt failed he resorted to omentopexy, which was included 
in Neuhof ’s original suggestion, and three days later performed cholecystectomy 
and portal ligation. The patient’s jaundice promptly decreased, but he died 
within forty -eight hours. 


In 1926 Colp reported four fatal cases of ligation of the portal vein, one 
of which can be promptly discarded, since, because of the distortion caused by 
adhesions, the superior mesenteric vein was ligated in the mistaken belief that 
the ligature was being placed on the portal vein. 


Of the other three patients, one was moribund at operation and died within 
three hours, the second lived two days, and the third, in whom occlusion was 
done in two stages, died six days after the second operation. Autopsy in two 
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ways a prompt, return to normal figures when only temporary ligation ivas done, 
but the longer the compression had endured the slower was the return to normal. 

Why this decrease should occur is not clear. The original observation was 
made accidentally, when it was noted that after portal occlusion the cannulas 
in use promptly became choked with clotted blood. Liver changes do not. seem 
responsible, for death occurs too promptly after operation for the liver sub- 
stance to be seriously affected. The theory that the spleen delivers into the 
circulation certain products which tend to lower coagulability does not hold, 
for in some experiments the splenic circulation was tied off before portal oc- 
clusion was done. Detailed morphologic and chemical blood studies revealed no 
significant blood changes. Braudes and Simonds’ explanation of a similar de- 
crease in the clotting time after mechanical constriction of the hepatic vein, that 
the heparin in the blood is used up too rapidly, cannot be accepted here, for the 
source of the supply of heparin is not altered by portal occlusion. The specu- 
lative explanation advanced by Tschcrnikoff and his coworkers, that some ob- 
scure functional disturbance of the intestine is responsible, is at least reason- 
able, for the effect of the products of intestinal metabolism under such circum- 
stances is undoubtedly very important. Their results arc as yet inconclusive, 
and we propose to continue our own investigations along the line they have sug- 
gested and to study the effect upon the blood of lymph obtained from the gastro- 
intestinal tract by way of the thoracic duct. 

CLINICAL CONSIDERATIONS 

The idea of ligation of the affected vein for pyemia of various origins is no 
new thing. John Hunter did it successfully on the saphenous vein in 17S4, and 
in the following century many similar attempts were reported, though all of 
them did not end so well. General interest in the operation, however, was not 
aroused until Zauful, in 1S94, suggested its application to the internal jugular 
vein in pyemia of otitic origin and Viereck, seven years later, reported 10S 
such cases with recovery in S9. 

The operation was next applied to puerperal pyemia. In 1S94 and in 189S 
Sippel and Freund had proposed treating this disease by excision of the af- 
fected pelvic veins, in addition to hysterectomy, but the mortality of the latter 
procedure was in itself so appalling that their suggestion won little attention 
and less approval. In 1902, however, Trendelenburg and Bumm published their 
results with simple ligation of the pelvic veins in puerperal pyemia, and Miller’s 
comprehensive study in 1917 established beyond doubt the wisdom of this pro- 
cedure in the occasional properly selected case. The latter’s collected statistics 
Show a gross mortality of 51.6 per cent, and a corrected mortality, for properly 
chosen cases, of 33.9 per cent, and there can be no question that such a reduction 
in the mortality of a disease which, untreated, exhibits a death rate of 60 to 70 
per cent, warrants earnest consideration of the method which has brought it 

about. 

The theoretic possibility of a similar procedure in pylephlebitis of ap- 
pendiceal origin is obvious, as Neuliof was the first to point out. That ap- 
pendicitis is the most frequent antecedent disease in this condition is not nearly 
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4. The theory is advanced that death in portal occlusion is due : 

a. To an abrupt and immediate fall in blood pressure, brought about by a 
neurogenic factor with resulting rcllex inhibition, as in primary shock, plus the 
abrupt diversion of a large amount of blood from the circulation, with- a result- 
ing decrease in blood volume. 

b. To the maintenance of the blood pressure at this critical level, as the re- 
sult of a continued gradual withdrawal of blood from the circulation, with a 
continued gradual decrease in blood volume as the diverted blood is collected in 
an area from which it cannot escape, plus the stagnation of this blood in the 
gastrointestinal tract, which has all the effect of primary hemorrhage. 

5. Occlusion of the portal vein for pylephlebitis of appendiceal origin is 
discussed in its clinical aspects, and it is concluded that the operation, although 
theoretically sound and technically possible, actually has a very limited field and 
always is attended with very grave risks. 

Note. — This work was done with the cooperation and approval of Dr. Urban Maes, Direc- 
tor of the Department of Surgery of the Louisiana State University, School of Medicine. Our 
thanks are due to Dr. D. D. Baker, of the Department of Anatomy, who demonstrated the 
collateral circulation for us, and to Dr, W. B. Wright, of the Interne Staff of Charity Hos- 
pital, who assisted us in many of the experiments. 
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cases showed hepatic insufficiency, which the author, probably correctly, at- 
tributes to the suppurative process rather than to the. operative procedure. In 
both cases an adeejuate collateral circulation was present, which means, Colp 
points out, either that a beginning thrombophlebitis of the portal vein opens up 
collateral veins, or that the hepatopetal veins in some individuals are competent 
to take over the circulation immediately when sudden occlusion occurs. 

It should be mentioned here that detailed studies of the collateral circula- 
tion were made by Charpy in 1898 and by Pick in 1909, the original studies 
having been made by Freriehs inlSfil. Pick reports a particularly striking 
case in which the portal vein had been occluded for years by a cavernoma of the 
vessel wall, but in which the portal blood was carried to the liver by veins in the 
gastrohepatie omentum. The existence of this set of veins was pointed out 
originally by Charpy, who coined for them the term hepatopetal. 

Colp’s and Beer’s cases, unsuccessful though they were, at least proved 
that in the human being death does not follow portal occlusion as promptly as 
it does in the experimental animal, and the same conclusion can be drawn from 
the cases of ligation of the portal vein for injuries of the liver which were re- 
ported by Brewer in 1908 and by Ilallopeau in 1910. Furthermore, in pyle- 
phlebitis of appendiceal origin conditions are more favorable for portal occlusion 
than they are in the experimental animal, since there is always present before 
the occlusion some degree of venous obstruction. It would seem, therefore, on 
the basis of both clinical and experimental evidence, that if the occlusion has 
involved a third or more of the lumen of the vein, it might be justifiable to risk 
the surgical completion of the occlusion. If the occlusion has not progressed to 
this point, however, or if one branch of the vein is already occluded, the pro- 
cedure introduces an element of risk even greater than the risk inherent in the 
untreated disease. In other words, the operation, however sound may be the 
theory upon which it is based, has necessarily a very limited field, and it would 
be well for the surgeon who proposes to undertake it to remember that Gerster’s 
dictum, uttered in 1903, still cannot be gainsaid, that while exposure and 
evacuation of the thrombosed veins is always highly desirable, the procedure is 
always difficult and is usually impossible. 

SUMMARY AND CONCLUSIONS 

1. A brief resume is given of previous experimental and clinical work on 
portal occlusion. 

2. A series of experiments is reported which prove : 

a. That complete occlusion of the portal vein in one stage, as well as suc- 
cessive occlusion of both branches, is incompatible with life. 

b. That occlusion of the main portal trunk in several stages is a feasible 
procedure if not more than two-thirds of the vein is occluded at any one time. 

3. Experimental proof is advanced to disprove the theory that the loss of 
blood into the gastrointestinal tract is the only cause or the chief cause of death 
in portal occlusion. 
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CONCLUSIONS 

1. Animals on an oat diet are definitely more sensitive to the cthylhydro- 

cupreine than the animals on a mixed diet. 

2. Animals on carrot diet reacted less severely than the animals on mixed 

diet. . . 

3. It is quite probable that the differences in reaction of the animals to this 

alkaloid are due to difference in the acid-base balance of the system, as evidenced 
by the difference in the urinary reaction. 

It is my pleasant duty to express sineerest gratitude to Dr. Bernard Bantus, for his 
suggestions and criticisms proved of inestimable value. 


FAT EMBOLISM* 


A Control Study of Blood Serum and Urine 


Frank J. .Jirka, M.D., and Carlo S. Scuderi, M.D., Chicago, III. 


T HE diagnosis of fat embolism in fractures offers many difficulties from a 
clinical viewpoint. The symptoms of this condition being more or less ir- 
regular and somewhat indefinite, depending purely on the local phenomena 
produced by the liberated fat droplets, leaves the clinician to prove the diagnosis 
by one of the laboratory methods. As the quantitative fat determinations of the 
blood are very complicated, and the variations in the normal so great, this method 
at the present time is of little value. The presence of fat droplets in the sputum, 
Warthin’s sign, is present in numerous other chest conditions so it cannot be 
considered reliable. This leaves us until but the examination of the urine and 
blood serum, in these cases, to substantiate such a diagnosis. 

As far as we have been able to determine from the literature the study of the 
urine and blood serum in normal cases, and fresh fractures, has never been done. 
For this reason the following work has been carried on to see whether or not free 
fat is found in normal control cases. 

Two hundred miscellaneous hospital cases were used for the urine examina- 
tion. In this series only ambulatory male patients were used because of the 
greater ease in collecting the urine specimen. Great care was exercised in this 
work, to have the patient completely empty the bladder, as the authors have 
shown in a recent article,’ that unless all of the urine of the bladder is collected 
the fioating fat droplets will not be expelled, and hence the urine examination 
would convey the wrong conclusions. 

The urine specimens were collected and placed in a cool place overnight 
Thc_next morning the surface of the urine was carefully examined for fioating 

B^ASS?"' SCrViCC ° f the Cook Co ""b- Hospital, ana the Apartment of Sur g e^ 
neochvil for publication. October 31, 153t. 



INFLUENCE OF DIET UPON THE TONICITY OF 
ETHYLHYDROCUPK-EINE HYDROCHLORIDE* 


Preliminary Report 


A. J. Nedzel, M.D., Chicago, III. 


I N A PREYIOUS study t we found that i he animals on carrot or mixed diet 
reacted to the injection of cocaine more or less similarly; though the animals 
on the carrot diet reacted more vigorously. The animals on water and oats diet 
exclusively were definitely more sensitive to cocaine poisoning. In general, in 
the oat-fed animals, the toxic effects of the cocaine were definitely greater and 
recovery was considerably delayed. In continuation of this study we have under- 
taken a new series of experiments, presented here, replacing cocaine with 
ethylhydrocupreinc hydrochloride. 

The observations were conducted on 55 rabbits, divided into 3 groups. Each 
group was kept for two to three weeks on special diets. In the first group the 
animals (15 rabbits) were fed oats, carrots, cabbage, alfalfa and water (as 
standard normal diet); the second group (20 animals) was fed water and oats, 
and the third (20 animals) on carrots exclusively. During the experiment the 
urine of the animals was tested daily for its reaction (Folin’s method). At the 
end of the first week the urine of the rabbits of the first group was slightly 
alkaline or acid, although more generally alkaline; the urine of the second group 
(oat diet) showed distinct and stable acid reaction (up to 90); and that of the 
third (carrot diet) group was persistently alkaline. 

The experiments consisted in injections of ethylhydrocupreinc hydrochloride 
into the marginal ear vein of a rabbit. The injections were perfoi’med uni- 
formly, the duration of injection being about ten seconds. The dose of ethyl- 
hydrocupreine was 18 mg. in 1 c.c. of water per kilo of animal s weight. After 
the injections the animals were observed for forty-eight hours, and their death 
or survival recorded. The deaths in the greater majority of cases occurred in 
from one to three minutes after the injection of the ethylhydrocupreine. 

The results of experiments are presented in Table I. 


Table I 


DIETS 

DIED 

SURVIVED 

TOTAL NO. 

OP ANIMALS 

MORTALITY 

PER CENT 

General diet (first group) 

8 

7 

15 

53 

Oat diet (second group) 

12 

s 

20 

GO 

Carrot diet (third group) 

8 

12 

20 

40 



•From the Department of Bacteriology and Preventive Medicine and the Department of 
Pharmacology, University of Illinois, College of Medicine. 

Received for publication. October 31, 193-i. 
fNedzel, A. J. : J. Lab. & Cux. Med. l»: S75, 1931. 
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WRIGHT ET A I,-. : 


ADRENALIN EFFECT AFTER 


SYMPATHECTOMY 


CONCLUSIONS 

1. Control cases in the study of fat embolism revealed no free fat in either 
the blood serum or urine specimens. 

2. Care should be used completely to empty the bladder of suspected cases, 
otherwise the floating fat will escape expulsion, if present ( Jirka and Seudeii). 

3. All questionable films and debris should be stained with Sudan III foi 
final classification. 

4. We were unable to confirm the findings of Riedel, that fatty casts were 
frequently found in the urine of fresh fracture cases. 

5. Needles kept in oily substances should never be used fox' blood collection, 
if the l’csults ai'e to be l'elied upon. 


The fracture cases arc from the service of Dr. Wm. It. Cubbins. The authors wish to 
express their gratitude. 
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LOCAL ADRENALIN EFFECT AFTER SYMPATHECTOMY* 


I. The Peripheral Vessels: A Preliminary Report 


Arthur M. Wright, M.D., John H. Muli-iolland, M.D., It. Leoha 
McCloskey, M.D., and Frank Wang CoTui, M.D., 

New York, N. Y. 


T HE increased sensitivity to adrenalin which certain tissues acquire after 
those tissues have been deprived of their sympathetic nerve supply is known. 
The best example is probably that sensitization which occurs in the dener- 
vated heart as shown by Elliot in 1905. 1 Auer and Meltzer had, in 1904, 2 re- 
marked the increased sensitiveness of the denervated iris. Anrep 3 demonstrated 
that denervation causes the blood vessels in the ear of a rabbit to respond to dilu- 
tions of adrenalin as high as 1 to 250 million, a phenomenon which may be put 
to use in the assay of small quantities of adrenalin. Cannon 4 has used an isolated 
strip of intestinal muscle to assay and detect the presence of adrenalin in the 
blood. Recently Freeman, Smithwick, and White 3 reported evidence of sensitiza- 
tion of peripheral vessels in human patients who have been svmpathectomized 
for Raynaud’s disease. They used intravenously administered adrenalin or 
endogenous adrenalin secreted in insulin hypoglycemia. 

During the course of some experiments in this laboratory on sympatliecto 
nmcdjlogs, adrenalin was injected subcutaneously in a sympathectomized area 

nltm j& t C 0 U?ac° r!lt0ry ° f KNPerln,Cntal Sur «ry. New York University ami Bellevue Hos- 
Bccclved for publication, November 2, 1934 
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fat droplets. Auy questionable droplets were removed, stained with Sudan III 
and examined microscopically. In this entire series not one case showed any free 
fat. 

The Serology Department of the Cook County Hospital was kind enough to 
permit us to have the unlimited use of the blood serums that were sent to them 
for Wassermann tests. Bach specimen was labeled, centrifuged and then placed 
in the refrigerator overnight. The following morning each tube was carefully 
examined. All questionable droplets or debris were stained and examined micro- 
scopically. On five occasions definite fat droplets were found floating on the 
surface. However, our findings proved only that the needles had been kept in 
liquid petrolatum in each ease, and evidently the boiling did not dislodge the 
oil from the inside of the needle. When the blood was drawn the oil found its 
way into the specimen. Eleven of these eases showed a chylous emulsion which 
rapidly found its way to the surface. This is physiologic as any blood serum 
drawn within an hour or two after the ingestion of any fatty material presents 
this phenomenon. In each of the above eases, the above contention was found to 
be correct. 

Now that wc had to our own satisfaction been able to determine what non- 
traumatie cases showed, we studied fifty fresh fracture cases. 

Only male patients, suffering from major fractures, were studied. The 
duration of the fractures was from one to seven days. The urine was collected 
by having the patient either in the sitting or standing position, and then having 
him completely evacuate the bladder. Ten cubic centimeters of blood were then 
drawn from the arm and both specimens were centrifuged and examined. The 
urine residue was stained with Sudan III, and examined microscopically. Occa- 
sionally casts were found, but in not one instance were we able to find fatty 
casts such as KiedeP described as being present in the urine of 42 per cent of 
fresh fracture cases. 

The casts were no more numerous, nor in any way different, than the casts 
found in any group of urine specimens. 

Not one specimen of blood serum or urine showed any evidence of free fat 
droplets. 

For a resume of these cases refer to Table I. 


Table I 


Type of Fracture: 


Number of Hours Since Accident: 

Tibia 

20 

1- 24 hours 31 

Femur 

14 

24- 4S hours S 

Humerus 

7 

48- 72 hours 6 

Fibula 

5 

72- 96 hours 9 

Patella 

1 

96-120 hours G 

Forearm both bones 

1 

120-144 hours .1 

Pelvis 

1 

144-3GS hours 7 

Fibs 

1 

— 


— 

Total cases SO 

Total cases 

50 


Number of Cases Showing 

Fat: 

Number of Cases Showing Urine Casts: 


0 

9 cases from 1-2 to 1-12 

Blood serum 

0 

Xi.P.F. in centrifuged 
specimens. 
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The finding is reported here for two reasons : Sympathectomy lias become 
a more or less popular surgical procedure for a variety of conditions. The 
danger in injecting adrenalin into the arm of a patient who has had a cervical 
sympathectomy is a real one. 

Gask, in a recent issue of the British Journal of Surgery casts some doubt 
on the uniform excellence of results heretofore claimed for sympathectomy in 
Raynaud’s disease. In following cases for over a year in which there had been 
an immediate and dramatic improvement at operation, he noticed a return of 
symptoms. Inability of the organism to adjust for heat and cold through the 
vascular system may not be the whole explanation. 

SUMMARY AND CONCLUSIONS 

1. Tissues supplied by nerves from the thoracicolumbar division of the 
autonomic nervous system when deprived of these nerves tend to become hyper- 
sensitive to adrenalin. This is true of the iris, the heart, intestinal musculature, 
and is now shown to be true in peripheral vessels. 

2. Peripheral tissues, when the arterial supply is sympatheetomized, undergo 
necrosis on the injection of ordinary doses of moderate dilutions of adrenalin 
subcutaneously, in the dog. 

3. The time of the onset of sensitization and the possible relation to peri- 
pheral vascular disease is being studied. 
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of two dogs. Dry necrosis occurred at the site of injection in both. One of these 
dogs died. The occurrence of abscess and gangrene is not an uncommon com- 
plication of adrenalin administration intramuscularly or subcutaneously in 
animals and in man, and is usually attributed to individual idiosyncrasy or infec- 
tion. However, in the ease of these two dogs, the possibility exists that the 
pathologic changes might have been caused by a sensitivity of so marked a degree 
that adrenalin in the concentrations given causes such a prolonged and pro- 
nounced vasoconstriction as to result in ischemic necrosis. This being the case, 
the increased sensitivity demonstrated by the above mentioned authors is of 
pathologic as well as of pharmacologic and physiologic interest. It was decided, 
therefore, to study this phenomenon under stricter experimental conditions than 
those which governed in the case of these two dogs. 

Four animals were prepared by bilateral lumbar sympathectomy. Thus the 
arteries of the hind legs were denervated of their autonomic supply. 

One cubic centimeter of 1 to 1,000 adrenalin solution was injected into the 
subcutaneous tissues of the hind legs of two of these dogs, and 0.5 e.c. of 1 to 
1,000 adrenalin solution was similarly injected into the hind legs of the other 
two dogs. Aseptic precautions were taken. As controls, the same quantity of 
physiologic saline solution was injected into a nearby area within the sym- 
patheetomized region of each of the four dogs and the same quantity of adrenalin 
was injected into the subcutaneous tissues of one of the forelegs, which were of 
course normally supplied with sympathetic nerve fibers. All the needles and 
syringes used were sterilized and handled under the same conditions. 

In every instance where the adrenalin was injected into the sympathecto- 
mized leg, a definite area of necrosis developed within twenty-four hours. At 
the onset all these areas of necrosis were typical. They were circular, sharply 
demarcated, and dry. On about the third day separation of the necrosed tissues 
occurred, and in two animals the necrosis later became extensive. The appear- 
ance of this late necrosis suggested that adrenalin had seeped to a more de- 
pendent level producing necrosis 3 to 5 inches below the point of injection. In 
none of the other sites of injections for control, saline or adrenalin, was there 
any evidence of disturbance at any time after the injection. 

All these animals were injected after a period of at least eight days had 
elapsed following sympathectomy. The time at which tin's sensitization occurs 
has not been accurately determined. Freeman, Smith wick, and White state that 
a latent period of six to eight days must, pass before the sensitization is mani- 
fested in the peripheral arteries. In the case of the iris and isolated intestinal 
muscle the sensitization seems to be immediate. In one other dog adrenalin was 
injected at the time of operation and twenty-four hours later. The dog died 
in forty-eight hours from pneumonia and at that time there were no evidences 
of gangrene, showing in this case at least, the sensitization does not occur in the 
first twenty-four hours. This method of determining the lime of sensitization 
has been abandoned and a different and more delicate type will have to be used. 
We are also investigating the possible relation between this phenomenon and the 
changes which occur in certain functional vascular disorders. 
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was found to be packed iuto a volume of about 0.05 c.c. The broth was drawn 
off with a pipette. To one tube was added enough vesicle fluid to make a total 
volume of 10 c.c., to a second tube was added a similar volume of blood serum, 
and to a third tube a like amount of distilled water. The tubes were shaken until 
homogeneous suspensions were obtained. 

Tests were made by placing 0.5 c.c. of organism suspension in each of a 
series of sterile tubes and adding to each, 1 c.c. of the particular drug solution 
being used. At the end of fifteen-minute intervals transfers were made to 
broth tubes which were incubated for seventy-two hours before readings were 
made. Tests were made in the above manner with the organisms suspended in 
distilled water (control), in blood serum, in vesicle fluid, and also with the 
original broth suspension. 

Hide powder, being a solid, had to be handled in a slightly different manner. 
Portions of hide powder (0.075 g.) were weighed into each of a series of 
sterile test tubes. It was found to be very difficult to sterilize the hide powder 
and still have a material left which could later be put into a more or less 
homogeneous suspension. This was finally accomplished by heating the tubes 
containing the hide powder at 55° C. for three separate periods of two-hours, one 
and one-half hours and thirty minutes, respectively. 

When tests were made 1 c.c. of a distilled water-organism suspension was 
added to each tube of hide powder. The resulting suspension was stirred with 
a transfer needle in order to obtain as near a homogeneous suspension as pos- 
sible. Then 2 c.c. of drug were added and tests made as before. 

The amounts of solid material in each test solution were approximately the 
same. The vesicle fluid was found to contain 0.075 g. of total solids per c.c.; 
cow blood serum, 0.087 g. per c.c.; and the broth solution 0.065 g. per c.c. 
The hide dust was weighed out. so that each cubic centimeter of test suspension 
contained approximately 0.075 g. 


DISCUSSION 

The results of the tests arc shown in Table I. In it are noted the type of 
suspension and the highest dilution of the drug effective against a particular 
suspension. Where growth occurred even in the presence of a saturated solution 
of a given drug, it is shown by the word “none.” The approximate dilution 
representing saturation of such drugs is given in a footnote at the bottom of the 
table. 

Generally considered the results noted in the table reemphasize the possible 
discrepancies that may exist between promising laboratory experimentation and 
successful clinical results. As noted in the previous paper 1 iodine surpasses all 
other drugs tested when used against water and broth suspensions. Its power 
to kill, however, is greatly reduced in the presence of proteins. An effectiveness 
up to 1:75,000 in water suspension and 1:20,000 in broth suspension is sue 
ccssively reduced to 1:5,000, 1:2,000 and 1:1,000 in the presence of hide dust 
vesicle fluid, and blood serum, respectively. N-hexyl resorcinol on the other 
hand, while less effective on water and broth suspensions is not so drastically ef- 
fected by the introduction of proteins. Compared to an effective dilution of 


THE FUNGICIDAL POWER OF PHENOL DERIVATIVES* 


II. Strength in the Presence of Proteins 


Glenn J. Woodward, M.A., Portland, Ore., With Lyle B. Kingery, jM.D. 
and Roger J. Williams, Ph.D., D.Sc. 


TN AN earlier article 1 we reported the results of a series of studies made of the 
*■ effect on the fungicidal power of ceil ain ])henol derivatives of the introduction 
of various alkyl groups and halogens. It has long been recognized that there is 
often a wide difference between results obtained in the test tube and successful 
clinical application. Of the possible factors responsible for this difference two 
are perhaps preeminent; i.e., first, the physical difficulty of delivering an effec- 
tive quantitj' of a given drug to the site of the infection; second, a tendency on 
the part of the drug applied to combine more freely with the epidermal struc- 
tures present than with the organisms growing therein. In other words, as- 
suming a certain amount of penetration on the part of the remedy applied, there 
still remains the requisite of ability to kill or restrain in the presence of tissue 
proteins completely surrounding the invading organism. 

The present work was undertaken in the hope of gaining some information 
concerning the activity of a group of drugs when used in the presence of certain 
proteins. For this three of the more active phenols were compared with iodine 
and four other drugs of common clinical usage. The choice of proteins to be 
used offered certain difficulties. After considerable preliminary work those 
chosen consisted of human vesicle fluid, blood serum, and hide dust. The vesicle 
fluid was obtained from vesicles induced by cantharides plasters, the fluid being 
withdrawn aseptically and kept in sterile receptacles. Blood was obtained in the 
usual manner and the supernatant serum decanted. The hide dust was the 
ordinary commercial product employed by leather manufacturers in the titra- 
tion of tannic acid solutions. According to information relative to its prepara- 
tion the keratin and keratoliyalin elements present are preserved sufficiently 
intact to serve the purpose of these estimations. Its use in preference to that 
of human scales, as in the work of Legge, Bonar and Templeton 2 was prompted 
by a desire to demonstrate any possible presence or absence of selective action on 
the part of drugs given the opportunity of reaching both organism and protein in 
comparable concentration. 

PROCEDURE 

Ten cubic centimeter portions of broth suspension of Mon-ilia tropicalis 
which had been growing for seventy-two hours at 37.5° C. were centrifuged for 
five minutes at 1,000 revolutions per minute. After being centrifuged the yeast 

•From the Department of Chemistry, Oregon State College, Corvallis, and Department 
of Dermatology, University of Oregon Medical School. 

Received for publication, October 12, 1934. 
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serum and other natural protein solutions were only partially successful. Better 
results were had by using commercial peptone mixtures. Further work along 
this line will be done later. 

The results also seem to show that some of the higher phenol derivatives 
deserve more clinical study in the treatment of fungus diseases than they have 
had thus far. 

SUMMARY 

1. Three phenol derivatives have been compared with iodine and four other 
drugs of common clinical usage in the presence of blood serum, vesicle fluid, 
and hide powder. 

2. The fungicidal power of iodine as determined in water and broth sus- 
pensions was greatly reduced in suspensions of serum, vesicle fluid, and hide 
powder; that of n-liexyl resorcinol was reduced but the relative diminution was 
less than that of iodine; saturated solutions of ehlorothymol failed to kill in 
the presence of proteins while thymol was effective only in the presence of hide 
powder; benzoic acid, salicylic acid and sodium thiosulphate were entirely in- 
effective in the protein suspensions, but sodium hypochlorite maintained its 
killing power in high concentrations. 

3. Higher phenols have been found worthy of further clinical study in the 
treatment of fungus diseases. 

4. A drug more specific in its action than those now available is needed. 
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1 :20,000 and 1 :15,000 in water and broth suspensions, it retains its effective- 
ness in dilutions of 1 :5,00Q, 1 :2,000, and 1 -.2,000 in the presence of the three sub- 
stances used. Not only is its relative diminution less than that of iodine, but its 
effective dilution surpasses that, of iodine in blood scrum. Chlorothymol, while 
moderately active in the presence of water and broth, fails to prevent growth 
in a saturated solution under the conditions imposed by the other tests. Thymol, 


Table I 

Comparative Study 


Organism: Monii.ia Tropicajjs. Time: 15 Minutes 


DRUG 

•WATER 

SUSPENSION 
( EFFECTIVE 
DILUTION) 

BROTH 

SUSPENSION 
(EFFECTIVE 
DILUTION ) 

HIDE DUST 

SUSPENSION 

(EFFECTIVE 

DILUTION) 

VESICLE 

FLUID 

SUSPENSION 

(EFFECTIVE 

DILUTION) 

BLOOD 

vSEKUM 

SUSPENSION 

(effective 

DILUTION) 

Iodine 

1:75,000 

1:20,000 

■him 


1:1,000 

N-hexyl resorcinol 

1:20,000 

1:15,000 

1:5,000 

1:2,000 


Chlorothymol 

1:0,000 

1:S,000 

None* 

None 

None 

Thymol 

1:2,000 

1:2,000 

1:3,250 

None 

None 

Sodium hypochlorite 

1 :7,500 

1:2,500 


1 :500 


Salicylic acid 

1:1,250 

1:1,100 

None 

None 

None 

Benzoic acid 

None* 

None 

None 

None 

None 

Sodium thiosulphate 

None 

None* 

None 

None 

None 


' •"None” indicates that even a saturated aqueous solution was not stronfr enoupli to 
kill the organisms. 

Approximate dilution representing saturation : 

Chlorothymol. 1 :5.000 
Thymol. 1:1,100 
Salicylic acid, 1:500 
Benzoic acid, 1 :350 
Sodium thiosulphate. 1 :2 

the third member of the series chosen for these modified tests, while outranked by 
the preceding, retains a power to kill in the presence of hide powder, but loses 
this power, even in a saturated solution, in the presence of vesicle fluid and blood 
serum. 

Of the four commonly used drugs, presumably salicylic acid and benzoic acid 
enjoy a popularity of greatest duration. Under the conditions imposed, salicylic 
acid appears to act only in high concentration in the presence of water and broth 
suspensions, and fails entirely even in saturated solution in the presence of the 
other three substances used. Even more striking is the complete inability of 
benzoic acid to kill in saturated solution under any of the conditions imposed by 
these experiments. The same is to be said of sodium thiosulphate, though its 
solubility is much greater. Apparently, so far as these tests are indicative, the 
recommendations of Osborne 3 regarding sodium hypochlorite are well founded. 
While a greater concentration is necessary, it retains an ability to kill through- 
out the series of tests. 

Results obtained under the conditions of these experiments reveal that 
fungicidal tests made in water and broth suspensions may he valuable for making 
comparisons between various drug's in the laboratory but can give only a rough 
idea as to the manner in which they will react in actual clinical trial. 

The need for a standardized method of testing in the presence of proteins 
is indicated. The authors have used egg white as an easily obtained protein ma- 
terial for testing, but attempts to standardize its effect against that of blood 
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lacquer * This is illustrated in Fig. 1, while in Fig. 2 the method of applica- 
tion of the lacquer to the horizontal film is demonstrated. 

Originally in this work an attempt was made to use a collodion film, but 
this was found to distort the red blood cells so that it was abandoned. The 



Pig. 3. — Photomicrograph o£ a Wood smear o£ chronic myeloid leucemia with a 2 mm 
apochromatic objective and oil immerson. Wright’s stain and preserved under lacquer for three 
months. 



Fig. 4. — Photomicrograph 
npochromatlc objective anil oil 
cover glass for three months. 


SSSA LTa 


lacquer has been found to preserve the original appearance of the red blood 
C - Cll _ S T lth but sllght dlstorhon - E ven with damp weather the lacquer dries 

a New "v or if 'sp oc laity' h ° ^ ty ° ny phot °P r aPhic supply company and is manufactured by 





LABORATORY METHODS 


THE PRESERVATION OP BLOOD FILMS' 

Thomas Ia. Ratiimell, M.D.. and IIa rood W. Jones, M.D., Philadelphia, Pa. 

nPHB preparation and preservation of blood films for microscopic study is 
important. Canada balsam plus a suitable cover glass has been the ap- 
proved method. Slides thus preserved are usually commendable from the 
microseopist’s viewpoint, providing the original staining technic is good. The 
handling of balsam, cover glasses, and the period required for drying the 
mounted film is time consuming. 

new method 

V> r e have substituted a technic which will enable one to quickly render a 
film permanent after staining. It is cheaper and the time required for the 
permanent preservation of one or more slides is a matter of a few seconds. 



FIS'- 1. Fig-. 2. 


Fig. 1.— Commercial glass jar with Sable brush soldered in place. This is an air-tight 
receptacle for lacquer. 

Fig. 2.— Method of coating the blood film. 

Technic . — This consists of the application of a thin coating of lacquerf 
by means of a Sable brushf to the surface of a clean, dry, prepared blood 
film which has been stained. If the lacquer on prolonged standing becomes 
cloudy, its transparency is readily restored by the addition of a small quantity 
of transparentizer. This is always available from the lacquer supply firm. 

Apparatus. — A commercial glass jar with an air-tight cover in which the 
brush may be mounted permanently is recommended as a container for the 

‘From the Department of Medicine, Jefferson Medical College. 

Received for publication, August 1G, 1934. 

Prepared under grant from Mead Johnson Company. 

fThe lacquer is a commercial product of the J. H. Weil Company, 1315 Cherry Street, 
Philadelphia. (Lacquer Number 14.1 

JThe Sable Brush, Number 16, may be obtained from any art supply company. 
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NELSON: use of razor blades for tissue sectioning •>■>< 

the blade and the holder to keep the long bevel in contact with the cutting 
edge of the old regular microtome knife. The Sextoblade must have the back 
snapped off and the Durham Duplex blade works better if it is bioken in two. 
These blades are easily broken off by clamping them in a vise that holds the 
entire length of the blade. 

We have not found a cement that would not hold even though we have 
used water soluble glue. We have had most experience with Duco Household 
Cement and find it satisfactory. The blades are easily removed and the 



Fig. 1. — 1 , A regular microtome knife with the cemented blade projecting- too much. St, 
A piece of sheet iron (gauge 16) with a hollow bevel. This sheet iron was hardly rigid enough 
when tested out on a block of dense leiomyoma about three-fourths inch square but worked 
on softer tissues. S, A piece of monel metal machined into the shape of a regular knife and an 
exaggerated hollow grinding. .}, A piece of monel metal (same as No. 3) with a Schick blade 
cemented on the flat surface. This is our favorite set-up for small sections. 5, A piece of bab- 
bit poured in a crude mold and dressed into shape with a rasp and emery paper. The babbit 
does not warm a frozen block or paraffin block as fast as steel or monel metal. 


cement stripped off with an old discarded blade. No solvent is necessary but 
acetone may be used. Be sure to wipe off the oil or grease on new razor blades 
before gluing them. 

A couple of horseshoe magnets are convenient for holding the blades to- 
gether while the cement is setting. 

The knife holders on some freezing microtomes are not adjustable and 
the resulting bevel is not always satisfactory. This may be compensated for 
in making the razor blade bolder, or by the use of lugs, or by set screws prop- 
erly added to tlie knife bolder. 

The illustration shows some makeshifts we have used with satisfactory 
results. 


Mr. P. M. Sclireck, Junior Medical Student at Baylor Universitv School 
at Dallas, Texas, assisted in this work. 


of Medicine 
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within seventy-five seconds after application. It is not affected by either 
xylol or cedar oil when dry. It probably has a refractive index approximately 
that of glass which is usually 3.5. 

Observations of slides permanently preserved with lacquer were made 
with a Zeiss binocular microscope, utilizing 10X oculars and a 20 mm. dry 
objective or a 2 mm. apoehromatic oil immersion objective. Under the dry 
objective the film has an appearance superior to that of the unmounted slide. 
The nuclei of the cells are particularly distinct. With the oil immersion ob- 
jective the film is equal in refractiveness to one mounted in balsam and a 
cover glass. Freyfeld’s granules and Doehle’s inclusion bodies, as well as 
other cytoplasmic or nuclear structures, are well detailed. 

Those who may wish to use this method are cautioned to have a dry slide 
and to apply the lacquer with oue stroke of the brush. It is desirable to 
obtain a thin smooth application of the lacquer. This need not be performed 
with excessive rapidity, but the brush should not carry an excess of the 
lacquer. Wiping the brush on the rim of the glass jar before touching the 
slide is recommended. 

We wish to thank Dr. Frederick Kramer and Air. Joseph Poppel for their aid in the - 
preparation of the illustrated apparatus. 


THE USE OF RAZOR BLADES FOR TISSUE SECTIONING* 


I. A. Nelson, M.D., Tulsa, Okla. 


R AZOR blades may be used in sectioning tissues with either freezing or 
paraffin microtomes without the use of special razor blade clamp holders. 
To use a razor blade one merely needs an old discarded regular microtome 
knife, or a piece of metal sharp on one edge (similar to a microtome knife) 
and some cement. This laminated assembly seems to diminish quivering. 

Good support of the cutting edge is essential to success in using razor 
blades. With a heavy holding knife, or its equivalent, which has a sufficient 
hollow grinding, blades that have a long bevel may be so placed that the 
hollow sharpened edge of the holding knife makes intimate contact with the 
long bevel very close to the edge or the second short cutting bevel. Some 
blades have two bevels. 

We have used the Schick razor blade for over five years in a modified 
Spencer razor blade clamp holder, and found it the best in quality of steel, in 
bevel, and in rigidity for frozen and paraffin sections. Recently we wanted 
to cut blocked tissues by frozen method but our blocks - were too large for the 
effective area covered by a Schick blade in a Spencer freezing microtome. We 
found that either a Sextoblade blade or a Durham Duplex blade could be used 
by gluing to an old knife if we provided support, for the bevel. This support 
can be obtained by using sufficient glue to act as a filler in the space between 

'From tt\« Pathology Laboratory of St. John's Hospital. 

Received for publication, September 16, 1934. 
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collected quantitatively over long periods. They anastomosed the common duct 
to the right ureter after removing the right kidney. Although the original pur- 
pose of the technic was defeated because of the impossibility of separating chem- 
ical substances common both to urine and to bile, they published the method be- 
cause of its suitability for other investigations. 

Kapsinow, Engle and Harvey 8 described an intraabdominal biliary ex- 
clusion from the intestines through a cholecystnephrostomy. Since Pearce and 
Eisenbrey first introduced their teclmic for intraabdominal drainage, the biliary 
channels have been transplanted to many parts of the intestinal tract and urinaiy 
system. 

The need for an exact means of bile collection is indicated by the fact that 
major problems in connection with the bile output which were first formulated 
nearly three generations ago are still unsettled. 

The physiology of the bile and its relation to the various metabolic functions 
of the body has recently acquired renewed interest because of the work of Hooper 
and Whipple, Rous and McMaster, and others. In attempting to study the im- 
portant question whether or not bile is essential to life, the physiologist has been 
confronted with the difficulty of finding some method which would not entail 
excessive inconvenience to the animal or to the investigator. 

The ability of the white rat to adapt itself to almost any reasonable dietary 
regimen, and the economy of its maintenance, have resulted in its being the 
animal of choice in most physiologic laboratories. The role of bile in nutrition 
and metabolism has been almost universally accepted as important. Hence no 
such studies are complete without considering the bile factor. That the rat is 
without a gallbladder makes the interest of such studies even greater. For these 
reasons it is believed that there is need for a bile fistula technic which will meet 
the following requirements: 

1. Bile must be completely eliminated from the animal so there remains no 

possibility of absorption or ingestion by mouth. 

2. Collection at varying intervals must be carried out with ease. 

3. The bile must be collected quantitatively and uncontaminated. 

4. The animal should suffer a minimum of discomfort. 


So far as is known, no technic for a bile fistula exists which meets all these 
requirements, except that described herein. The latter is the outcome of pro- 
longed experimenting with internal and external reservoirs of rubber and glass, 
of many sizes and shapes, variously placed in the animal. It is believed'that this 
technic meets most, if not all, of the requirements for a satisfactory bile fistula 
in the white rat. 


The complete assembly of the collecting apparatus for carrying out the bile 
fistula operation is shown in Fig. 1. The glass bulb, A, serves as a bile reservoir 
Its capacity may be varied according to the animal used. For animals weighing 
approximately 200 gm„ a 6 cc. bulb h employed. It has tree nipples at the top" 
B and £ oncplaced verbally for trilbdratval „t bile, the other horizontally to 
»d,„,t tale. The nipple 1 admits a 19 gauge needle and holds firmly i„ position 
a flexible rubber tube, 0, 3 mm. inside diameter and approximately 4 cm to 



TECHNIC FOR A BILE FISTULA IN THE RAT AND DEMONSTRATION 
OF THE INDISPENSABILITY OF THE BILE* 


Lester Sawyer, M.A., and Samuel Lepkovsky, Ph.D., Berkeley, Calif. 


M ANY investigators have devised methods for studying bile. Each method 
has had an inherent difficulty which has led to other technics for ex- 
cluding bile from the intestines. The dog has been the animal of choice in most 
bile fistula investigations recorded in the literature. 

Of the many methods described for making biliary fistulas, one of the fol- 
lowing procedures has been generally employed : 

1. Suturing the gallbladder to the abdominal wall and opening it so that 
it drains to the exterior. 

2. Suturing a cannula or rubber tube in the gallbladder. 

3. Excising the common bile duct at the point of entrance to the duodenum, 
together with a piece of duodenal wall, and suturing the latter to the 
shin. 

4. Placing a cannula in the common bile duct. 

Bidder and Schmidt 1 in 1852 published their classical observations on the 
composition of fistula bile obtained from a simple external biliary fistula. Severe 
infections were produced, and the animals usually died within a very short 
period. The animals were able to lick themselves unless they were strapped all 
the time. 

Dastre 2 collected bile from a fistula in a hag suspended from the neck of 
the animal. But, as Hooper and 'Whipple' 1 point out with regard to similar find- 
ings in human beings with bile fistulas, there is no certainty that some bile did 
not reach the intestine, since autopsy findings are not available, and since in the 
light of our knowledge, new openings into the intestine may occur. 

Pawlow transplanted to the skin a flap of duodenum containing the ampulla 
of Vater. Mann 7 described a method of transplanting a portion of the duodenum 
containing the common duct through an abdominal incision into the subcutaneous 
layers, the duct later being connected with the body surface. 

Rous and McMaster 4 utilized a long tube attached to a cannula inserted 
into the common duct. The cystic duct was ligated and the bile collected in a 
sterile balloon. 

Pearce and Eisenbrey 5 have suggested a different approach to the problem. 
In connection with studies on the relationship of the spleen to blood destruc- 
tion, they found it necessary to develop some method by which bile might be 

•From the Department of Anatomy and the Institute of Experimental Biology, University 
of California. 

Received for publication. October 26. 1934. 

Aided by grants from the Rockefeller Foundation of New York City, and the Board of 
Research and the College of Agriculture of the University of California. 
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inserted into the duct. The probe is removed from the cannula, and a second 
ligature made taut in the groove. Bile can now be observed to flow from the 
cannula. The entire duodenum is returned to the abdominal cavity, the ends 
of the ligatures remaining outside. 

The rubber tubing C of the assembled bulb is slipped over the special needle 
shown in Pig. 1. The needle is passed through a point just lateral to the right 
sacrospinalis muscle about midway between the last rib and the innominate bone. 
The rubber tubing is next drawn to the dorsal surface, and the bulb is intro- 
duced into the abdomen. With forceps, the rubber tubing F, adjusted to a sat- 
isfactory length, can be securely slipped onto the cannula. The ends of the 
ligatures may here he utilized advantageously. The ends of the first ligature 
are used to secure the tubing on the cannula, and to retain both in line with 
the duct on the duodenum. The threads are cut close to their knots, and the 
duodenum is replaced in its normal position. The abdomen is closed in the 
usual manner, and the animal placed on its left side. The special needle is 
drawn through the short length of rubber tubing D, which is adjusted to a satis- 
factory position on tube C. Removal of the special needle completes the op- 
eration. 

The exposed rubber parts are seldom destroyed by the animal. Should a 
rat be encountered which persists in chewing the tubing, a snugly fitting glass 
or metal tube may be placed over the rubber. This is seldom necessary if tame 
animals are used and kept in individual cages. 

The tube C semes a dual purpose. It allows air to be expelled from the 
reservoir as bile flows in, and admits a blunt 7 em. 19 gauge needle attached to 
a syringe of appropriate capacity for the withdrawal of bile. Merthiolate is 
used in the bulb as a preservative. The reservoir may be rapidly and com- 
pletely emptied of bile with a minimum of discomfort to the animal. 

In a series of experiments carried out to test the technic, female rats ap- 
proximately five months of age were used. Females were given preference be- 
cause of the additional information of the state of the animal afforded by fol- 
lowing the estrous cycle. The animals occupied metabolism cages in a constant 
temperature room, and were fed a standard stock diet designated Diet I.* Food 
water, urine, bile, and animal weights were measured twice daily at 7 am' 
and 7 p.m. 


Three groups of animals were designed to act as controls for the technic 
Group I consisted of twenty animals, the bile ducts of which were ligated 
Group II consisted of twenty animals which carried the entire collection ap- 
paratus; the bile duet was eannulated but a plug placed in the rubber tubing C 
so that bile was unable to flow into the collecting bulb because of the air pressure 
encountered .therein. Group III consisted of eleven animals which carried the 
collection apparatus, but the bile duct was not eannulated, a pin* bran* placed 
in the tubing which ordinarily receives the cannula. ° ° 


No differences were found between the reactions of Groups I and II The 
length of life of these animals and their general downhill course closeiv 


‘Diet I: Whole wheat. 67 . 5 ; casein. 15 0- 
calcium carbonate. 1.5 ; and milk fat. 5.0. ' 


whole milk powder, 10: 


ap- 

sodtum chloride, l.o ; 
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length. A short length of pressure tubing, D, fits tightly over C, to retain it on 
the outside of the animal. Attached to the nipple E is a piece of thin-walled, very 
flexible, 1 nun. rubber tubing, the length of which is fixed at operation. The 
cannula G, which is inserted into the bile duet, is made of IS or 19 gauge stain- 
less steel or silver hypodermic needle shaft tubing; its length is approximately 
8 mm. There is a gentle taper from the center to the end which inserts in the 
bile duct. The duet is held in position by a fine silk ligature which fils into a 
narrow groove circumscribing the cannula about its center. 

The operation is carried out with the animal under ether anesthesia. The 
anesthetic is efficiently administered through the use of the apparatus described 
by me, 5 substituting a mask for the tracheal cannula. Aseptic surgical technic 
is employed throughout all operative procedures. 



No.l. No .'2. 


Fig. 1. — 1 , Special needle. 2, Collecting apparatus (assembled). 

The animal being properly prepared for operation, an incision is made in 
the right upper quadrant just lateral to the right rectus muscle, approximating 
in length the diameter of the bulb to be used. The duodenum usually comes into 
full view, and is pulled gently through the incision. The bile duct is seen cours- 
ing through the mesentery, and along the anterior wall of the duodenum for 
some distance. It is this section of the duct which is .cannulated because it is 
firmly attached, its walls are strong, and the size of the lumen is greatest. 

With a fine needle, a long silk ligature is placed beneath the duct close to 
its opening into the duodenum, and securely tied. The duct becomes filled with 
bile a few minutes following ligation. A second ligature is passed beneath the 
duct close to the first, avoiding certain vessels which are sometimes found cours- 
ing over the duct. With an iridectomy scissors, and using the loose ends of 
the first ligature as an anchor, the duct is hemisected; a blunt probe is intro- 
duced. The probe is withdrawn and inserted loosely into the untapered end of 
the cannula. Using the probe as a convenient handle, the cannula can be easily 
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not caused by the insults sustained during the operative procedure, nor by the 
presence of the collecting apparatus within the body cavity. 

The lack of appetite, the tremendous loss of weight, and the rapid downhill 
course to death, again focus attention on the importance of bile in the life of the 
animal. It is believed that the fistula described will prove a valuable method of 
investigating further the role of bile in the life of the rat, an animal almost 
universally used for experimental purposes, whose biliary system differs fi’om 
that of most vertebrates in that the gallbladder is entirely absent and without a 
homologue. 

The writers wish to acknowledge with thanks the aid and guidance given to this work 
by Professor I. Maclaren Thompson, of the Anatomy Department of this university. 
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proximated each other. At autopsy, some fifteen to thirty-five days following 
operation, the animals of Groups 1 and II were found to have bile ducts greatly 
distended with bile, and livers presenting the usual destruction encountered in 
biliary obstruction. 

The animals of Group III were practically unaffected by the operation. 
No change occurred in food or water consumption, or in urine output. These 
elements manifested the diurnal variation shown prior to operation. One hun- 
dred and twenty days postoperative, the animals had maintained or gained 
weight, and had continued to run normal cycles. A few of these animals were 
sacrificed after thirty days, and at autopsy were found to present little or no 
change attributable to the presence of the collecting apparatus. 

A fourth group of animals constituted the experimental group, and upon 
them the complete technic was carried out so that the total output of bile drained 
into the reservoir. These animals recovered from the operation and appeared 
normal for from twelve to twenty-four hours. The next period was usually ac- 
companied bj T a gradual decrease in activity, weakness, coma, and finally death. 
The food intake dropped to almost zero. The water intake was in most cases 
lowered, and the volume of urine considerably reduced. Some animals survived 
up to ninety hours. During the interval between operation and death, a tre- 
mendous loss of weight was noticed, far more than would he lost in a normal 
starving animal. Table I illustrates data which exemplify the results obtained in 
6 animals over a period of forty-eight hours after the operation (with the ex- 
ception of animal GH3640, which was observed for twenty-four hours). 


Table I 

The Diurnal Variations of the Secretion of Bile in Bats 


ANIMAL 

W EIGHT 

AT 

OPERA- 

TION 

GM. 

WEIGHT 

AT 

DEATH 

GM. 

TOTAL 

LOSS IN 

WEIGHT 

GM. 


BILE 

SECRETION 

■ 

7 P.M. 
c.c. 

TOTAL 
FOR 24 
HOURS 

C.C. 

C.C. PER 
KILO PER 
24 HOURS 

1V3G72 

236 

202 

34 

1st 24 hr. 

4.4 

G.S 

11.2 

50.4 





2nd 24 hr. 

4.9 

4.6 

9.5 

42.7 

W330G 

221 

1S7 

34 

1st 24 hr. 

4.8 

6.5 

11.3 

55.3 





2nd 24 hr. 

4.9 

4.3 

9.2 

45.0 

BH343G 

211 

17S 

33 

1st 24 hr. 

5.4 

6.0 

11.4 

58.1 





2nd 24 hr. 

4.9 

4.9 

9.8 

49.9 

W331S 

240 

200 

40 

1st 24 hr. 

5.0 

S.2 

13.2 

59.4 





2nd 24 hr. 

5.1 

7.3 

12.4 

55. S 

BH3433 

200 

17 S 

31 

1st 24 hr. 

3.9 

5.7 

9.6 

48.9 





2nd 24 hr. 

5.7 

5.4 

11.1 

56.6 

GH3640 

249 

220 

29 

1st 24 hr. 

4.9 

5.6 

10.5 

44.1 


If at any time in the life of the animals in Group II the plugs were re- 
moved from tube C, allowing drainage of bile into the reservoir, they reacted 
exactly like the animals of the experimental group. If the plug were replaced 
before the animal lost appreciable quantities of bile, the animal would survive 
and continue in the same manner as the others of this group. 

It is believed that the groups of animals acting as controls for the technic 
prove conclusively that the death of the animals in the experimental group was 
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duction to my method has kindly informed me of the fact that egg methods of 
blocking tissues antedate the paraffin methods; that Neuman used egg albumen 
for embedding the vitreous body in 1862; and that many others have worked with 
egg proteins. Some of the old methods wore similar to the one I developed in 
trying to imitate with oxalated blood that which may be seen in many inflam- 
matory and pathologic tissues. 

If one anticipates impregnating protein -blocked tissues with paraffin for 
very thin sections, our preliminary experiments indicate that the whole egg com- 
plex is possibly the best protein because the lipoids do not interfere with freez- 
ing methods or staining. "With a slow method of paraffin impregnation, the ex- 
traction of the lipoids leaves a fine delicate reticulum into which the paraffin 
can permeate. Possibly better suspensoid substances can be developed and 
added to protein emulsions, especially the blood proteins. But the lipoids are 
already in such a highly disperse state in fresh eggs and are extracted readily 
by the dehydrating agents used in paraffin embedding that improvement seems 
difficult. A smooth emulsoid formalin fixed protein is rather resistant to paraffin 
impregnation. 



Pi S . 1. 


Probably the most available commercial protein is egg white powder. This 
can be bought in candy factories cheaper than most other dehydrated proteins. 
Three grams of egg white powder in 10 c.c. of water, or one gram of egg white 
powder in 5 c.c. of blood serum, left over from serologic tests, has been found 
satisfactory. 


We have not found any bacteriostatic agents up to the present time which 
can be added in sufficient quantity to the high protein content emulsions used. 
They alter the emulsoid state or interfere with staining. Prepared emulsoids 
can he kept in the refrigerator or he made fresh from the powdered protein in 
a few minutes. The search for a powdered protein was prompted by this dif- 
ficulty in finding a bacteriostatic agent. We forgot to return to the refrigerator 
some laked oxalated blood and the odor of putrefaction which developed con 
vinced us that those attempting this method should be warned and <dven some 
alternate procedure if they did not have good refrigeration. The age also of 
some emulsoids seems to affect their water binding power during fixation so 
that the blocks may not have as much volume as with fresh emulsions But as 
tag as batches arc made they sl.onid not age sufficiently a(lcct thrfr 
utility and accidental putrefaction then becomes a mere incident. 



THE USE OF PROTEINS FOR EMBEDDING SMALL TISSUES FOR 
SECTIONING BY THE FREEZING METHOD* 


I. A. Nelsox, M.D., Tulsa, Okla. 


T HE summer of 1934 was so hot in this section of the country that paraffin 
cutting was quite a problem. As frozen technics are becoming quite generally 
adopted, the following method was developed instead of some better paraffin 
complex. This is not an impregnating method in its present form and cannot 
be used on tissues which do not hold together within themselves. However, 
nearly all the actual routine surgical bits of tissue can be blocked and sectioned 
by this method. It is economical and rapid. 

The rationale of this method came as a result of speculations and reading 
about hyaline thrombi 1 and fixed colloids of various sorts in lymphatics, vessels, 
and open spaces. In routine tissues one often sees that formalin fixed proteins 
hold leucocytes and bits of tissue even though the cut section is passed through 
numerous solutions. 

This method takes advantage of the fact that emulsoid colloids may be 
chosen which wet and stick to the tissues and which do not pass through mem- 
branes that are traversed by many coagulating substances. The advantage of 
using dialysis instead of adding the coagulant or fixative to the emulsoid is that 
the emulsoid has greater freedom to satisfy its particular water requirement and 
still not precipitate in disconnected clumps. 

The emulsoid colloids which we have found the most satisfactory from the 
standpoints of good blocking properties, availability, and economy, are the blood 
and egg proteins.. Different proteins require varying percentage concentrations, 
but whole egg and laked oxalated whole blood already contain enough protein. 

Oxalated blood which is left over from clinical tests and which contains over 
14 gm. of hemoglobin per 100 c.c. has been found convenient and satisfactory. 
Other modifications included in this paper may he used by those who cannot get 
blood or who feel that the blood used might be confused with blood states in the 
tissues. A small bit of saponin powder is most convenient for changing the 
suspensoid cellular hemoglobin into an emulsoid. When the bloods from various 
groups are pooled, it is possibly better to lake the cells of each blood before 
adding them to the pool. The oxalated blood may be allowed to stand until the 
red blood cells have settled, the plasma decanted into one container, the cells 
laked and added to a separate pool. Equal parts of each may then be mixed 
for uniformity. 

Whole raw eggs make satisfactory tissue blocks. The yolk is broken and 
stirred into the albumen. Dr. .J. M. Thuringer who recently had a brief intro- 

•From the Pathology Department and The Mark Pinston Research Fund of St. John's 
Hospital. 

Received for publication, October 29, 1934. 

This method was presented to the Society of Medical Sciences of the Oklahoma University 
School of Medicine on October 18, 1934. 
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of the end of the wooden block and fold the cellophane over this. There is 
usually some wrinkling of the protein block. The paper keeps the bits of tissue 
in one plane. Thus one is assured of cutting and looking at all the bits of 
tissue submitted. The boxes should be as small as necessary to produce thin 
sections with the particular freezing mierotome being used. The two projecting 
folds of cellophane are convenient when handling the box. 

The coagulant used is formalin solutions from 20 to 40 per cent in strength. 
It does not interfere with freezing methods, and penetrates rapidly. 

The steps in preparing tissue blocks may be summarized as follows: 

1. Place the cellophane box in a small dish (we use low Stender dishes). 

2. Place the bits of tissue in the box (previous fixation is optional). 

3. Pour, the emulsoid protein over the pieces and stir or orient them. Air bubbles of 
significant size should not be trapped at the interfaces. 

4. Pour about 5 c.c. of 20 to 40 per cent formalin into the dish and around the cellophane 
box. The level of the formalin should be a little below the level of the emulsoid. It should 
he neutral or slightly alkaline so as to preserve the proteins about their isoelectric points. 
The dish may be covered to keep down the formaldehyde. 

5. Allow from two to four hours for fixation. This depends on the amount of emulsoid 
used, the strength of formalin and the temperature of the room. 

6. Peel off the cellophane. This is most conveniently done at the sink, allowing running 
water to wash off the strong formalin. 

7. Trim the block and proceed as with any formalin fixed tissue. 

The satisfactory reports that have come in to me from workers to whom 
the above outline has been submitted confirm our experience and seem to justify 
publication at this stage. 

Dr. H. Nauheim (Pathologist at Momingside Hospital, . .Tulsa, Oklahoma) 
informs me he has blocked bits of tissue removed by the needle puncture biopsy 
method with good success. 

Other objects besides tissue such as parasites and fecal concentrates con- 
taining parasite ova may be blocked and sectioned for mounting. 

Those who happen to use fresh oxalated blood will discover intact leucocytes 
in the blocking media. This observation led to studies on bone marrow blood 
and this preliminary report must be included at this time. Dr. E. E. Osgood 
demonstrated, at the American Medical Association Convention at Cleveland 
Ohio (1934), a method of drawing off bone marrow from the sternum with a 
needle, oxalating it and making smears in the same manner that smears are 
made from oxalated whole blood. The oxalated bone marrow blood may be 
laked and fixed by this method. In thin sections the cells may then be studied 
in their spherical shapes by the usual histologic methods. If the patient is 
anemic, the bone marrow blood proteins may be enriched with some stock laked 
red cell hemoglobin emulsion. We have had no leucemia cases to try this method 
on, but anticipate no contraindication. 


SUMMARY 


A simple method is described in which emulsoid proteins are used for block- 
ing routine surgical bits of tissue. 

Special consideration is given lo freezing and routine staining technics 
The principle of dialys.s ,s ntilized and the reasons for. its use are »iven 
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Several other commercial powdered proteins have been tried, such as: casco 
(casein) glue; monite (casein) glue; cascc protein milk; dehydrated ox blood 
hemoglobin; dehydrated beef muscle; and dried buttermilk, sold for chicken feed. 
Bach of these has some property that keeps it from being recommended. 

Gelatin methods have been described 2 and are used to some extent. A 
high percentage of gelatin can be dissolved in blood serum and remain liquid 
at room temperature. But the expense is greater and the sections seem to shear 



Fig. 2. 

and crack. The use of plasma seems to improve the sections but the necessity 
of buffering the high calcium content of commercial gelatins keeps this from 
being recommended. 

The dialyzing membrane is made by folding a- piece of ordinary wrapping 
cellophane (not waterproof) measuring about 2 by 4 inches into the shape of a 
cubical box in the same manner that paper boxes are made for paraffin em- 
bedding. The cellophane is folded over a wooden block with square ends 
measiming about three-fourths of an inch square so that the ultimate block null 
be covered by a glass coverslip seven-eights of an inch square. If there are only 
a few very small bits of tissue, cut out a piece of heavy blotting paper the size 
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The accompanying figure shows the relation of static deflection to vibrations 
per minute for 4.7 and 10 cm. wide rubber bands. It appears that rubber does 
not follow the above equation perfectly for the wider band requires greater static 
deflection to attain the same period. 

Escape from vibration is best accomplished by making the period of the 
suspended mass twice the period of the vibrations of the building. Since it was 
desired to escape vibrations of a frequency of eighty or more, the curve for the 



Fig. 1. 


period of the suspended marble slab shows the accomplishment of this aim It 
was found, however that the frame of the building changed its position slightly 
w,lh the wind am this made ,t necessary to adopt a one point suspension mcU.od 
Rubber has the advantage over springs in that it has no resonance but 
springs follow lie above equation more perfectly. However, for the single sus 
pens, on method a spring of No. 12 coppered Bessimcr stee with 300 tu rns of 

* "‘"VT. "7 TI,C S “ ic « the spring required To m, ' 

the proper period is shown in the figure Who* , a To ? ue 

203 cm. long. e ^ hen thus stretched the spring was 
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Cellophane is used for the first time so far as we can determine. It simplifies 
the application of dialysis. 

The use of laked whole oxalated blood is used for the first time so far as 
we can determine. 

The possibility of studying leucocytes and bone marrow cells in the blood 
and in their spherical shapes is suggested. 

Mr. P. M. Schreck, junior medical student at Baylor University School of Medicine, 
Dallas, Texas, kindly assisted with this problem during his summer vacation. 
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A SUSPENSION DAMPED FOR LOW FREQUENCY VIBRATIONS* 


J. Percy Baumberger, D.Sc., and Stephanie Sigurdson, A.M., 
Stanford University, Calif. 


I N CONNECTION with some work in a third floor laboratory, it was found im- 
possible to use a sensitive galvanometer because of the vibrations continually 
occurring. We are deeply indebted to Dr. L. S. Jacobsen, of the Mechanical 
Engineering Department, for suggesting methods by which these difficulties 
could be surmounted. The most difficult part of the situation was the rela- 
tively low frequency of the vibrations, which were eighty-five per minute and 
were due to walking. Since such a situation very commonly arises, our experi- 
ence in its solution may be of sufficient, interest to justify the detail given in 
this note. 

With the intention of having the galvanometer, source of light, and other 
parts of the apparatus, all suspended, a seventy-five pound slab of marble, 57 
by 83 by 4 cm., was hung from the ceiling by four straps cut from automobile 
tire inner tubes. The part of the room where the apparatus was to be set up had 
a slight slant on the ceiling, and therefore the bands had to be of different lengths. 
The relation between the period and the strength or static deflection is given 
by the equation : 

N = 388 — — 

\ A St 

where N = cycles per minute 

£ St. = static deflection in inches 

All rubber bands were brought to the same period by loading equally and then 
trimming down to a width that gave equal frequency. 

•From the Physiology Department of Stanford University. 
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the full length of the tube and projects beyond the orifice to end in a loop. Such 
tubes may be detached from the cage, filled with the pellets, and resuspended in 
a few moments. The jaws of the tube are so arranged that in the process of 
withdrawing the pellets the rat agitates the tube to some extent and this, together 
with the loop of wire, prevents the pellets from clogging and causes them to 
continue to fall to the lower end of the tube. The rat seems to enjoy this type 
of feeding. He immediately seizes the pellets in his jaws and pressing with his 
forefeet on the tube exerts considerable strength, and thus succeeds in pulling 



the pellets out in spite of the tight set of the jaws. Usually when the tubes are 
refilled, several rats will attempt to obtain pellets at the same time crowding 
each other away from the tube. This jostling seldom leads to a fight but is all 
m good nature. When a pellet is obtained, the rat retires to the other side of 

th .° a " d , ram!lil,s 1* haunches very mod, like a squirrel 

evrth a nut. Occns.onally rats develop the habit el emptying the feeding tube 

completely. They store the food m one corner of the cage, but in all ea^s the 
food thus stored during the course of the day is eaten A tnta * +1 
indicated contains food for six rats for a dav ° f the S ’ ZC 
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To support the galvanometer (£?), the handle was removed from a 20 cm. 
cast-iron frying pan (Q) and three holes were bored into the sides at points 
120° apart, from ivliich were run chains (C) to the end of the spring (S). The 
weight required to give the correct period was 11.15 kg. and the weight of the 
galvanometer was 1.85 kg. Melted lead (L) was poured into the pan until the 
pan and lead were brought to the required weight, i.c., S.30 kg. The lead formed 
a flat surface on which it was easy to level the galvanometer. To protect the 
spring from air currents, we put a galvanized sheet-iron pipe ( P ) around it 
and fastened that to a square box surrounding the pan and galvanometer. Two 
sides (IF) of this lower box were of glass which could be slipped in and out mak- 
ing the instrument easy to handle. The galvanometer and the weighted pan gave 
approximately the desired period, and therefore were not appreciably affected by 
the vibrations of the building. Thus by application of the equation relating static 
deflection to period, vibrations of low frequency can be avoided. In our case we 
succeeded in obtaining a suspension of sufficient steadiness for proper function- 
ing of a quadrant electrometer. 


A NEW RAT FEEDING DEVICE 0 


J. Percy Baumberc.er, D.Sc., and Shannon Allen, A.B., 
Stanford University, Calif. 


M OST rat feeds are in the form of powders because of the nature of the in- 
gredients used in nutritional studies, but this form is inconvenient in 
several respects. In the first place, the powder is blown throughout the animal 
breeding room. Second, it is impossible to determine how much of the food 
is wasted by mixing with the sawdust bedding. Third, no containers arc effec- 
tive in preventing contamination of the food. 

There are now on the market several adequate rat diets in the form of com- 
pressed C 3 r lindrieal bodies about 5 mm. in diameter and 10 to 20 nun. long. These 
are quite uniform in diameter as though forced out from an orifice in the process 
of manufacture. The constituents of the pellets are such as to provide a com- 
plete diet. Moreover, the hardness of this type of food provides a grinding 
surface for the i-ats which is completely absent in the powder form diets. Rats 
which are fed the latter compensate by grinding their teeth on available parts 
of their cages and the copper tubes of their water bottles with a surprising 
amount of damage resulting to both. The new pellets have a more natural effect 
on the rats’ teeth and eliminate much damage to equipment. 

In Fig. 1 is shown an apparatus which enables the rat to obtain compressed 
food pellets at will, and at the same time prevents contamination and loss of 
food. The device consists of a brass tube an inch and a half in diameter and 
seven inches long, suspended by a hook in the upper end, and the lower end some- 
what flattened and provided with teeth. A stiff wire is suspended loosely down 


•From the Department of Physiology, Stanford University. 
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with 1 c.c. portions of concentrated sulphuric acid for periods varying from one 
minute to seventeen hours. Duplicate analyses were always made. The con- 
version was complete in two hours, and further increase of time did not alter 
the value. 

Table I 


Conversion or Creatine to Creatinine by Concentrated Sulphuric Acid 


SAMPLE 

CONTENTS 

TIME 

CREATININE 

RECOVERED 

RECOVERED 




MG. 

% 

i 

1 c.c. creatine solution* 

1 min. 

0.00 

0 

2 

1 c.c. creatine solution* 

10 min. 

0.10 

10 

3 

1 c.c. creatine solution* 

1 hour 

0.70 

70 

4 

1 c.c. creatine solution* 

2 hours 

—MM 

100 

5 

1 c.c. creatine solution* 

5 hours 


100 

G 

1 c.c. creatine solution* 

8 hours 


90 

7 

1 c.c. creatine solution* 

17 hours 

! i.oo 

100 


*1 c.c. of creatine solution equals 1 mg. of creatinine. 


In Table II are shown values for creatine in urine -which contained much 
pigment. The small amount of color that developed from the action of con- 
centrated sulphuric acid on the urine pigments did not affect the values for 
creatine. As a further test of the color, 1 c.c. portions of urine were allowed 
to stand with sulphuric acid for periods ranging up to eight hours. Sodium 
hydroxide was then added, and the solutions -were diluted to 100 c.c. and com- 
pared in the colorimeter with 1 c.c. portions of urine which were made alkaline 
and were diluted directly to the same volume. No difference in the fields could 
be observed. 

Table II* 


Analysis of a Highly Pigmented Urine for Creatine by Use of Sulphuric Acid 


SAMPLE 

CONTENTS 

TIME 

i 

1 c.c. urine 

1 min. 

2 

1 c.c. urine 

3 min. 

3 

1 c.c. urine 

12 min. 

4 

1 c.c. urine 

1 hour 

u 

1 c.c. urine 

2 hours 

G 

1 c.c. urine 

3 hours 

7 

1 c.c. urine 

17 hours 


TOTAL 

CREATININE 

mg! 

2.09 

2.02 

2.07 

1.96 

2.11 

2.11 

2.11 


•Analysis of the urine for "Preformed Creatinine" bv the Pol in „ 

Ins from 2.08 to 2.11 ms. per c.c. Analyses for creatine by other Srocednrft 2 valu ? s ra ns- 
colors which corresponded to values of from 5 to 10 ms. of, creatine ”“7“ SaV6 deep 


In Table HI, figures are given to show the influence of an excess of 10 per 
cent sodium hydroxide on the development of the color. One enbie centimeter 
samples of the standard creatine solution (1 c.c. = 1 mg. of creatinine) were 
analyzed by the sulphuric acid method. The amount of 10 per cent sodium 
hydroxide required to neutralize the acid and to develop the color was 14 cc 
Larger amounts of sodium hydroxide were added to the different samples and 
each was compared m the colorimeter with a specimen that had received the 
14 c.c. of sodium hydroxide. The analvscs tW o „ . eQ tne 

over I he amount needed did not alter appreciably the color!) M ' U '" l lydr ° xlde 
and that larger amount., decreased the color ' devel “P ed , 














A METHOD FOR THE DETERMINATION OF CREATINE IN URINE* 


Wilson D. Langley, Maurice M. Rosenbaum, and Myron G. Rosenbaum, 

Buffalo, N. V. 


r'vURING a study of the metabolism of creatine in cases of muscular dystrophy, 
^ we compared several methods for the determination of creatine in urine, and 
with each of them obtained values which were shown to be incorrect. With 
deeply pigmented urines, the values were often two, and occasionally three times 
too large. An amount of extra ehromogenic material was formed by the action 
of acid and heat upon some constituent of the urine, and the analj'sts did not 
distinguish the color which was due to creatinine from that which was produced 
by the other ehromogenic material. Persons whose eyes were more sensitive to 
shades of red, and who could match the dissimilar shades in the colorimeter, ob- 
tained moderately accurate values for the creatine. Similar difficulty was re- 
ported by McCrudden and Sargent,'- 2 and has been experienced by others. 

It was found also, that when extra color was absent, the conversion of 
creatine into creatinine was often incomplete. This inadequacy has been noted 
by Hahn and Barldian. 3 who determined creatine of urine by heating the solu- 
tions only to 65°, and allowing eighteen to twenty-four hours for the conversion. 

We have tested the conversion of urinary creatine into creatinine by con- 
centrated sulphuric acid. Under certain conditions, the conversion was com- 
pleted in two hours, and a negligible amount of extraneous color was developed. 
A simple procedure was therefore devised which enabled accurate analyses to be 
obtained for creatine in urine. Diabetic urines could not be used. 

PROCEDURE 

Pipette 1 c.c. of urine into a 100 c.c. volumetric flask. Add, from a pipette, 1 c.c. of 
concentrated sulphuric acid, mixing after each drop. One or Uvo minutes arc required for 
this addition. Allow the flask to stand at room temperature for two hours. When 2 c.c. of 
urine are used for the analysis, the flask should stand for five hours. 

Into a similar 100 c.c. flask pipette 1 c.e. of standard creatinine solution (1 c.c. = 1 
mg. of creatinine), and then add to it 1 c.c. of concentrated sulphuric acid. 

To each flask add 20 c.c. of a saturated solution of picric acid (purified if necessary), 
and then 10 per cent sodium hydroxide so that an excess of 1.5 c.c. over that needed to 
neutralize the sulphuric acid is present. In our analyses 14 c.c. were used. Precipitation of 
picric acid or its salt may be ignored. After ten minutes, dilute each solution to the mark, 
mix, and compare in the colorimeter. The calculations are made as usual. 

In Table I, figures to the nearest even percentage are given to illustrate the 
rate of conversion of creatine into creatinine under the conditions described. One 
cubic centimeter portions of creatine in distilled water were permitted to stand 

•From the Department of Biochemistry, University of Buffalo Medical School, and the 
Laboratory of the Children’s Hospital. 
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ALTERING THE VIM-SCHEFTEL COLORIMETER FOR GENERAL USE* 


John A. Schindler, M.D., Monroe, Wis. 


F or the small laboratory the expense of a colorimeter is a considerable item. 

There is on the market a relatively inexpensive instrument, known as the 
Yim-Scheftel colorimeter, which is of proved reliability and serviceability. As 
it is at present marketed, however, it is supplied with a syringe calibrated in 
arbitrary units, so that it is necessary to refer a reading to tables prepared by 
the manufacturers. At present the colorimeter has been standardized for only 
a few of the more common procedures such as the phenolsulphonephthalein 
kidney function test, nonprotein nitrogen of the blood, blood urea, and blood 
sugar. As it stands the colorimeter cannot be used for other work such as blood 
creatinine, blood phosphorus, icterus index, bilirubin liver function test, and so 
on, without tedious calibration. 

However, the instrument can readily be changed into a general colorimeter 
without additional expense. This can be accomplished simply by using an ordi- 
nary tuberculin syringe in place of the one which is provided with the instru- 
ment. It is then usable -with the ordinary colorimetric formulas. 

Two cubic centimeters of the standard solution is pipetted into the tube for 
the standard, and 1, 2, or 3 c.c. of the unknown color solution is pipetted into 
the unknown tube with the tuberculin syringe attached. Enough must be used 
so that the color is more intense than the standard. The solution is then drawn 
back into the tuberculin syringe until the colors of the standard and the unknown 
are matched in the eyepiece. The reading of the unknown will then be the 
amount originally pipetted into the unknown tube minus the reading on the 
tuberculin syringe, viz. 3.0 c.c. - 0.35 = 2.65 c.c. the reading of the unknown. 
The usual formula can then be followed as in 'the blood creatinine determination 
by the method of Folin. 

Reading of Standard __ / n 

Reading "of Unknown x 1,5 = m E’ creatinine P er 100 c.c. blood which would be — — 

2.65 

x 1.5 s= mg. creatinine per 100 c.c. blood 

The instrument with the tuberculin syringe used in this way has been 
checked against a large prism colorimeter and has been found to be accurate 
within the usual limits of error. 


•Received for publication. November 
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Table III 

The Influence of Excess of Sodium Hydroxide on the Color Development 


SAMPLE 

CREATINE 

CONTENT 

10% SODIUM 
HYDROXIDE 

ADDED 

CREATININE 

DETERMINED 

RECOVERY 



c.c. 

MG. 

% 

i 

Equivalent to 1 mg. creatinine 


ISMGnMt 

100 

2 

Equivalent to 1 mg. creatinino 

14.2 


100 

3 

Equivalent to 1 mg. creatinino 

14.5 


102 

4 

Equivalent to 1 mg. creatinino 


9B1K 

100 

5 

Equivalent to 1 mg. creatinino 

33.5 

0.9S 

9S 

G 

Equivalent to 1 mg. creatinino 


0.9S 

9S 

7 

Equivalent to 1 mg. creatinine 

1G.5 

0.90 

90 

8 

Equivalent to 1 mg. creatinine 

17.0 

0.90 

90 

9 

Equivalent to 1 mg. creatinine 

1S.0 

0.S7 

87 

10 

Equivalent to 1 mg. creatinino 

20.0 

0.7S 

7S 


Table IV 

Recovery of Creatine Added to Urine 


SAMPLE 

SOURCE 

PREFORMED 

CREATININE 

TOTAL 

CREATININE 

CREATINE 
ADDED j 

CREATINE 

determined 




MG./ C.C. 

MG. 

JIG ./C.C. 

% 

i 

Adult male 


2.57 

1.00 

3.53 

9G.0 

2 

Adult male 


1.93 

1.00 

2.91 

98.0 

3 

Adult male 

2.74 

2.S2 

1.00 

3.S7 

105.0 

4 

Child 

0.78 

1.00 

1.00 

2.00 

100.0 

5 

Adult male 

2.11 

2.06 

1.00 

3.01 

95.0 

G 

Adult female 

|gH§K;. 

3.45 

1.00 

4.46 

101.0 

7 

Child 


1.25 

1.15 

2.45 

104.0 

S 1 

Adult male 


1.43 

1.15 

2.G1 

102.G 


Moderate variations in the temperature (from 0 to 25°) did not influence 
the values obtained. 

In Table IV are given values which were obtained by analysis of several 
urines with the sulphuric acid procedure. Known amoiuits of creatine were 
added to the urines and attempts were made to determine the same. In each 
case the recovery was quantitative within the limit of accuracy of the colorim- 
eter. The method has been used by us over a period of several months, and 
has been repeatedly tested as to its accuracy. 

CONCLUSIONS 

A simple method for the analysis of creatine of urine by use of sulphuric 
acid is described. Extraneous red color, such as occurs in certain other proce- 
dures, is not formed, and creatine which has been added to urine may be 
accounted for quantitatively. 
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A MASS CULTURE APPARATUS FOR SECURING BACTERIAL 
CELLS FOR ANALYSIS* 


Robert A. Greene, Pii.D., Tucson, Ariz. 


A RECENT study 2 of the chemical composition of the genus Azotobacter has 
necessitated some means of securing large amounts of bacterial cells. Since 
the moisture content of these bacteria is approximately 85 to 90 per cent, a con- 
siderable quantity of the organisms must be “harvested” in order to secure suf- 
ficient material for any extensive chemical analysis. 

A mass culture apparatus, as described by Vaughan 4 was not available, and 
neither were monel metal culture dishes of the type used by Huston, Huddleson 
and Hersliey. 3 A very large number of culture dishes of the usual size were re- 
quired to give any appreciable quantity of cells, so, after considering the various 
methods which have been compiled by Buchanan and Fulmer, 1 the following ap- 
paratus was used : 

Pyrex glass trays, whose dimensions were IS by 12 by 2y 2 inches were used 
as the culture dish. At first, enameled steel instrument trays were used as covers. 
Later copper covers, which were constructed locally, were used. These were 
more satisfactory, since they could be snugly fitted to the dish, and also because 
they were more resistant to hot air sterilization. 

The cost of a dish and cover (in quantity lots) is approximately six dollars. 
Each dish had about 216 square inches of surface, which is readily accessible 
when the bacterial growth is to be harvested. Approximately 22 ordinary sized 
culture dishes (100 by 10 mm.) are required to give this area. At the present 
price of culture dishes (approximately 24 cents for routine grade, 36 cents for a 
good grade of resistance glass, and 50 cents for Pyrex glass), the cost of dishes 
to give the same surface Ws one large Pyrex dish would be slightly less expensive 
in the routine grade, but would be more expensive if dishes of resistance or Pyrex 
glass were used. 


The mass culture dishes are sterilized in the hot air sterilizer in the usual 
manner; the media are prepared in large flasks, sterilized in the autoclave, 
allowed to cool to about 45° C., and then poured into the dishes. When the 
media has solidified, the dishes are inoculated by placing a small quantity of 
the bacterial suspension on the surface of the agar. This may be spread over 
the surface by tipping the plates, but preferably by smearing with a bent flat- 
tipped glass rod, or a sterile swab. ’ 


At the end of the mentation period, the growth is scraped from the surface 
of the media, taking care not to remove any of the agar. A glass slide or a 
celluloid spatula- may be used. Tim material may be dried according to any 

of Arizona. 
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A METHOD OF SPUTUM DIGESTION PRELIMINARY TO 
CULTURE FOR TUBERCLE BACILLI* 


W. L. McNamara, M.D., and E. F. Ducky, M.D., West Los Angf.lrs, Calif. 


D IGESTION is a vital step preliminary to the culture of tubercle bacilli from 
biologic specimens such as sputum, urine, feces, and exudates. This must 
accomplish the killing of extraneous organisms, as well as the freeing of the 
tubercle bacilli from caseous masses. While digestion may be done in several 
different ways the use of either acids or alkalies is the method most generally 
employed at present. Pinner recommends equal parts of sputum and 3 per cent 
hydrochloric acid for a period of thirty minutes. Petroff uses equal parts of 
sputum and 3 per cent sodium hydroxide from thirty to forty minutes. We 
have found that when the period of digestion with acids or alkalies is extended 
for four to six hours many of the tubercle bacilli are killed. This suggests the 
possibility that a certain number of organisms may be killed within a minimal 
period of time, a factor of importance in specimens in which the total number is 
small. 

We employ the following method for digestion, and have found that it is 
entirely safe, having recovered viable organisms often after seventy-two hours 
of digestion in the incubator; the sputum is completely liquefied and freed from 
small caseous masses which may harbor spores. 

Method of Digestion: 10 c.c. of sputum is placed in a 50 c.c. centrifuge 
tube (sterile), 20 c.c. of 1 per cent hydrochloric acid and 100 mg. of pepsin 
(Stearns 1-12,000) arc added. The tube is closed with a rubber stopper which 
is secured with rubber bands or adhesive tape to prevent leakage. The tube 
is placed in a sputum shaker or Kahn shaker for fifteen minutes and is then 
placed in the incubator for twelve hours. It is then neutralized to litmus with 
normal sodium hydroxide and centrifugated for one hour. 

Tubes and plates are inoculated with material aspirated from the bottom of 
the tube with a sterile capillary pipette. 

With organisms recovered by this method of digestion we have been able 
to reproduce tuberculous lesions in guinea pigs which were verified by histologic 
examination, and have obtained typical growths on culture media. We feel that 
the greater amount of time consumed by this method is more than compensated 
by the fact that the danger of killing the tubercle bacilli is reduced to a minimum. 


•From the Clinical Laboratory, U. S. Veterans Administration Facility 
Keceived for publication, November 30. 1934. 

Published under K. & P. 6969, U. S. Veterans Administration. 
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A SPECIAL CAMERA FOR. ROUTINE PHOTOMICROGRAPHY* 

J. A. Rbvniebs, M.S, Notke Dame, Ind. 

t ? ROM time to time, pocket, or box cameras have been suggested for use m 
1" photomicrography. Most of these are makeshift devices intended for emer- 
gency use or as a substitute for expensive apparatus. 

There is in photomicrography, as distinct a need for a small camera which 
can be manipulated quickly and which will allow inexpensive exposures to be 



Fie. 1. 

made, as there is need for a plate camera. Obviously, a film camera with a 
small-sized picture frame is not as satisfactory in some instances as a plate 
camera but on the other hand the inconvenience and expense of using a plate 
camera in routine work are factors which must be considered. It goes without 
comment that exact pictures can be obtained with small-sized-film negatives 
which can then he enlarged. 

•From Uie laboratory of Bacteriology. University of Notre Dame. 
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standard method, but I have found that desiccation in anhydrous acetone, as 
suggested by Wilkcrson and Gortncr 5 is very satisfactory. 
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A VASELINE DISPENSER FOR HANGING DROP PREPARATIONS* 


Robert A. Greene, Pii.D., Tucson, Ariz. 


N UMEROUS methods have been used to dispense vaseline in the preparation 
of hanging drop mounts, but many of these are not especially satisfactory, 
particularly for use in crowded student laboratories. The following method has 
been used in the Soil Microbiology Laboratory at the University of Arizona: an 
empty tube, which has a long, slender “nozzle” is packed with vaseline, and is 
used to dispense the vaseline for the hanging drop preparations. The types of 
containers used for nasal ointments are satisfactory, and may be secured from 
druggist’s supply companies. The use of such a. dispenser in a student labora- 
tory has resulted in neater hanging drop preparations. c 


•From the Department of Agricultural Chemistry, University of Arizona. 
Received for publication, December 1, 1934. 



AN ELECTR ODI A LYSIS APPARATUS FOR USE WITH 
ALTERNATING CURRENT* 

E. J. CZARNF.TZKY, Ph.D., S.IX FllAXCISCO, CaUF. 


A LTHOUGH there arc several types of apparatus described in the literature, 
k they are as a rule expensive and not entirely satisfactory. The present 
set-up is inexpensive and the parts are readily replaceable. It has the additional 
advantage of ease in changing the membranes without, disturbing the solution 
to be dialyzed. 

The electrodes are carbon or graphite rods which are placed close together 
to facilitate rapid ionic transfer, leaving room for a large volume of solution. 
Where metal salts, such as silver, are to be dialyzed, gold electrodes can be 
used on the negative side so that the metal is plated directly on the electrode, 
and thus furnish a measure of the extent of dialysis by determining the differ- 
ence in the weight of the electrodes before and after plating. Various grades 
of DuPont cellophane can be used for the membranes. The cellophane is at- 
tached to the electrode cylinder by means of DeRhotinsky cement. 


Fig. 1 shows the details of the apparatus. The ammeter is connected in 
shunt and can be connected by throwing the switches. If two 250 watt lamps 
are used in the cleats I and J, there will be approximately five amperes travel- 
ing through the system, provided it is not held back by the solution being 
dialyzed. The lamps also serve as indicators for the continuity of the system. 
Usually about 50 volts are required, and five amperes to start. As the con- 


centration of electrolytes in the solution Q becomes less and less, the amperage 
will fall. When it has reached a figure close to zero, the dialysis is complete. 
The amperage is controlled somewhat by the rectifier. The latter consists of an 
electrode of tantalum metal of large surface and one of lead in a solution of 
sulphuric acid. The sulphuric acid coats the tantalum with a unimolecular 
layer of oxide, which is unipolar, and therefore only carries current in one 
direction. (Tantalum can be bought for about $1.50 per gram from the Fan- 
steel Company, North Chicago, 111.) It is necessary to use insulators as indi- 
cated, so that the current can be forced through the solution Q 


When the substance to be drawn out of the mixture is a simple salt such as 
sodium chloride, the amount of salt can be determined bv titrating the solution 
in container N. This gives equivalents of base, and thus equivalents of mono 
valent sal,*. Cooling is provided by the do, of dialyzin! tva.o, MhlTo 


The flow of water from containers F and G elmnir! 
enough electrolyte in the system to carry the current. The diX^iglhambTrs 

•From tlio Research laboratories „f the Mount -yin „ .. , 
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The camera described in this paper has been designed for a definite pur- 
pose, i.e., routine photography. It lias been in use for over tun years in this 
capacity and has been most, satisfactory. It is attached directly to the micro- 
scope in such a manner that a single motion will swing it aside so that there is 
no interference with the normal use of the microscope. The operator can see 
the exact field that he wishes to photograph and can focus the camera with 
precision. The entire apparatus is mechanically exact and very light. 

The apparatus, Pig. 1, consists of a small film box built to use regular 
pocket size film and capable of taking 16 exposures on a standard 8 frame roll. 
The film is held perfectly flat against a spring. The box is mounted on an arm 
which is made from thin metal and pivoted to another arm which can be at- 
tached directly to the tube of the microscope by a special self-centering collar. 
This arrangement permits the upper arm bearing the camera to be swung from 
side to side. A viewing device is mounted next to the camera. A stifip of film 
is used to screen the image. The diameter of this viewing device is such that it 
will cover an entire field as projected by a 10X ocular. Film is used in place of 
the usual ground glass because of its extremely fine-grained surface. The 
whole outfit is rigidly constructed. To he sure that the viewing device and the 
film are on exactly the same plane, the upper arm is guided by a groove in the 
lower arm. Because of the lightness of the camera and its particular construc- 
tion, it does not hear directly on the tube of the microscope, consequents it 
does not interfere with the focus. 

The camera remains attached to the microscope and is swung to one side 
when not in use. When a field is photographically desirable the image finder is 
brought into place and is checked by a click stop; the image is focused sharply 
and the light adjusted. The camera is moved into position and is held by a 
similar stop. The image is then photographed after which the camera is again 
pushed out of the way and observations arc resumed. So easy is this motion 
that an operator familiar with photographic conditions and using a fast film 
can scan and photograph living forms with reasonable success. 

This device has a wide range of usefulness and is especially valuable in 
the hospital or pathologic laboratory as well as in routine bacteriology or 
cryptogamic botany. 



A NOTE ON THE DETERMINATION OF UREA IN BLOOD BY THE 
FOLIN DISTILLATION METHOD* 5 


Determination of Urea by Steam Distillation 


F. II. L. Taylor, and Margaret A. Adams, Boston, Mass. 


T HE steam distillation method described below was developed for the single 
purpose of eliminating the close supervision required by the present Folin- 
AVu 1 urea method and the modification of Lewis 2 or the newer method of 
Peskett. 4 To the many workers in the biochemical field, using the distillation 
method for urea, it is presented as a modification which has been used with suc- 
cess in many determinations of urea during the past two years and which 
eliminates the technical difficulties of backsucking of the distillate and too rapid 
evolution of ammonia. These two difficulties are often extremely difficult to 
eliminate in the older Folin method even with the closest attention. The 
modification includes the precaution of cooling the distillate (presented by 
Lewis) which has been used routinely in this laboratory as a useful precaution 
for some years.) 

Apparatus . — A diagram of the apparatus is shown in Fig. 1. A = Erlen- 
meyer flask containing distilled water which has been boiled for about ten 
minutes. A two-hole rubber stopper in flask A contains: B, a short straight 
piece of glass tubing at the top of which is a 2-inch piece of rubber tubing and 
a pinch clamp ; and C, which is a glass delivei'y tube of about 7 mm. bore lead- 
ing from the flask A to the bottom of the distilling tube Z). C may be one piece 
of glass tubing with angles in two places, or it may be composed of two glass 
bends connected by a short piece of rubber tubing, provided the ends of- the 
two pieces of glass tubing are in contact with each other. 

D is a Pyrex ignition tube containing the material in which the urea N is to 
be determined. By means of a two-hole rubber stopper in the neck of D a 
delivery tube leads into the receiving tube F. 

E is best prepared from a 5 or 30 c.c. volumetric pipette, since the bulb of 
the pipette still further decreases the possibility of sucking back from F into 
D. The pointed end of the pipette may be removed to make the delivery tube the 
desired length, but it is advisable to fire-polish the delivery end to slightly de- 
crease the bore of the lube. A slight bend is made in the bottom of E so that 
the end of E will always be beneath the surface of the liquid in the receiving 
lube F. ° 


•From tlie Thorndike Memorial La born tor v 
(Harvard). Boston City Hospital anil the Deportment 
Received for publication. December 13. 193t. 
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0 and P sliould have their side arms near the lop of container B so that extra 
water is not forced into the solution Q by hydrostatic pressure. "Where the 
amount of solution is small, use a smaller vessel, B. 

Where ampholytes are used there will be some interference by reason of 
the Donnan effect, but this is overcome finally by the force of the current, so 



Fig. 1. — A, Ammeter in shunt. B, Tantalum rectifier. C, Lead electrode. D, Tantalum 
electrode with large surface. E, Five per cent sulphuric acid electrode solution which oxidizes 
the tantalum electrode with a unimolecular coat of oxide, which is unipolar and does not emit 
electrons. F, and G, Large glass jars containing distilled water which act as reservoirs with 
outlets leading to the electrode cylinders. H, Switch to start and stop current. I and J, Two 
pony cleats for holding lamps for the purpose of furnishing resistance to the current. They 
prevent fuses from blowing, and also are useful in adjusting the amperage. When they are 
lit it is a sign that current is flowing through the solution being dialyzed. K, and L, Switches 
for connecting the ammeter (A) in the line. 31 and A', Reservoirs for catching the spill over 
waste solutions which come from the dialyzing chambers. II contains waste acid as it is the 
positive pole. Conversely. -V contains alkali as it is the negative pole. O and P, Electrode 
cylinders made of Pyrex glass. Q, The solution to be dialyzed. It, Glass jar for holding the 
solution to be dialyzed. S and T, Side arms for conducting the waste fluids to the reservoirs. 
V, Glass or rubber plate for insulation. TT and X, Glass or rubber plates for insulation. T 
and Z, Cellophane membranes covering tho open ends of the dialyzing cylinders. 


that little if any electrolyte remains in the solution. When dialyzing haptenes 
and substances of that nature attached to proteins, use a smaller current so 
that the compounds are not pulled apart. 

Caution: When making the rectifier, leave an air hole in the top so that 
H „ and 0„ formed by electrolysis can escape. 
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Prior to commencing' a series of determinations the water in the tlask A 
should he boiled for ten minutes. A portion of the steam emitted should he 
tested for ammonia by direct Nesslerization. This precaution renders unneces- 
sary the use of nitrogen free water which was originally used in this method. 

Water in flask A must be kept boiling at an even rate throughout a 
determination. The use of a few glass beads in the bottom of the flask is desir- 
able to prevent bumping. 

In using a microburner to heat, the tube B, care must be exercised not to 
heat too vigorously. The rate of admission of steam from A must be sufficiently 
rapid to prevent sucking back of the distillate in F. Once an even, moderately 
fast boiling has been established in the flask and the distilling tube, there is no 
necessity of watching the distillation continuously. 

The apparatus is washed by steam before use by placing an ignition tube 
containing a little boiling water in place of B. 

Table I 


A Comparison of the Steam Distillation Method With the Original Folin-Wu Method 
(Values in mg. of Urea Nitrogen per 100 ml. Blood) 


SO. 

FOLIX-1VU 

STEAM' DISTILLATION 

1 

10.78 

10.80 

2 

13.60 

13.60 

•t 

15.38 

15.34 

4 

18.90 

18.80 

0 

(15.9 )* 

(15.80)* 


(1C..1 ) 

(16.00) 

G 

(i3.3 y 

(13.80)* 


(13.3 ) 

(14.10) 

7 

(14.20) * 

(14.40)* 


(14.50) 

(14.30) 

8 

(11.50)* 

(11.90)* 


(11.70) 

(12.3 0) 

* .Duplicate determinations. 




Table I presents data comparing the results obtained by this modification 
with those of the original Folin-Wu method. 


SUMMARY 

1. The Folin-Wu distillation procedure for blood urea is modified by the 
inclusion of a steam distillation apparatus. 

2. The values obtained by the method arc in close agreement with those oh 
tained by the original Folin-Wu procedure. 

3. The modification has the advantages of freedom from close technical 
supervision and eliminates most of the hazards of the original procedure. 

references 
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F is a test tube graduated at 15 and 25 e.c. During the distillation, F 
should be immersed in a beaker G containing ice water or water kept cool by con- 
stant flow. 

Procedure . — Transfer 5 e.c. of tungstic acid blood filtrate to a Pyrcx ignition 
tube ( D ). This tube must be rinsed with IINO., and water if it has previously 
contained Nessler’s solution. Add 2 drops of butler mixture and 1 e.c. of urease 
solution or a piece of urease paper. Stopper, and immerse the tube in warm 
water (37.5° C.) for fifteen minutes. Transfer 2 e.c. of 0.05 N-IICl to a test 
tube graduated at 15 and 25 e.c. (receiving tube /•’). Attach the receiving tube 
to the distilling apparatus in such a way that the end of the delivery tube E is 
under the surface of the liquid in receiving tube F, add to tube D a glass bead, 
2 or 3 drops of paraffin oil, and 2 e.c. of saturated borax solution, and attach the 
tube so that the end of C is under the surface of the liquid in 1). The tube D 



should not be inserted in the apparatus until all other parts of the apparatus 
are in readiness for immediate distillation. The water in A should have been 
brought to boiling previously, with the pinch clamp B open. By adjusting the 
pinch clamp on B, send the desired amount of steam over into D until the liquid 
in D is caused to bubble. A microburncr may be used to hasten boiling in D. and 
may then be placed in such a way as to warm the sides of tube D, thus lessening 
condensation of steam. When the liquid in F has risen to the 15 c.c. mark, slip 
off the receiving tube F from the rubber stopper, and let it rest in a slanting 
position while the distillation is continued for one minute more. Rinse the lower 
end of the delivery tube with a little water, cool the distillate and dilute to about 
20 c.c. Transfer 0.3 mg. N to a 100 e.c. volumetric flask, dilute to about 75 c.c. 
Add 10 e.c. Nessler’s to standard and 2.5 c.c. to unknown. Make to volume and 
read in colorimeter with standard set at 20 mm. 

Precautions . — All rubber stoppers and connections must be boiled to remove 
NH 3 before using. 
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following day, from (1 to 10 c.c. of blood arc withdrawn by means of a vacuum tube 
from the heart of one of these rabbits, the blood is allowed to clot, the scrum is removed, 
tested for sterility, and the patient is then inoculated subcutaneously or intrnmuscularly 
with this serum. Inoculations with the vaccine of the causative organism are continued 
daily with the series of rabbits already immunized and which have been selected for use 
in the particular case under treatment. If necessary the scrum from the blood of these 
rabbits in rotation is administered to the patient on successive days. 

The patient’s blood is directly matched for a compatible donor. It is of advantage 
to have this procedure completed on the earliest indication that the case may prove to be 
one of septicemia. The suitable donor reports to the laboratory and from GO to 100 c.c. 
of blood are withdrawn into a large vacuum tube. The blood is allowed to clot at room 
temperature, and subsequently placed in the ice chest for twelve to eighteen hours. The 
serum is removed and the patient is transfused with this serum. If considered necessary, 
this procedure is also carried out daily, in which ease it may be advisable to have more 
than one donor. As a rule Cadhani has administered the human serum on alternate days. 
The average number of combined treatments administered to the patients was 4, the great- 
est number administered to any single patient, 10. 

No drugs were given during the course of the treatment. On occasion, whisky was 
prescribed as a stimulant and then sparingly. The patient was encouraged to partake of 
a fairly liberal diet. 

Serum treatment was instituted on the average on the sixth day following the 
initial symptoms; the earlier administration was on the third day, the most delayed on 
the sixteenth day. The first treatment with serum administered to a patient with sub- 
acute bacterial endocarditis was six weeks subsequent to the initial symptoms. 

PREGNANCY, Conservative Treatment of Late Toxemias of, Me Neile, L. G. J. A. M. A. 

103: 548, 1934. 

In 799 cases of late toxemias of pregnancy, 259 were of the eclamptic type. 

There was a definite decrease in the mortality in eclamptic patients treated by con- 
servative methods at the Los Angeles County General Hospital. 

The intravenous injection of a 10 per cent solution of magnesium sulphate has proved 
a very valuable adjunct in the treatment of the late toxemias of pregnancy. It will cause 
some reduction of blood pressure, reduce edema, increase urinary output and reduce or 
control other symptoms. 

The intravenous injection of a 10 per cent solution of magnesium sulphate will con- 
trol the convulsions of eclampsia in nearly every case, and exercises a favorable influence 
on the other symptoms of eclampsia. 

The intravenous injection of a 10 per cent solution of magnesium sulphate is clini- 
cally proved to be a safe procedure. 


ANEMIA, Classification and Treatment of, on the Basis of Differences in the Average 
Volume and Hemoglobin Content of the Red Corpuscles, Wintrobe MM a rd t * 
Med. 54: 25G, 1934. ’ ' ' lnt ' 


Observations on the volume and hemoglobin content of the erythrocytes of more 
than 1,000 healthy ami anemic persons are recorded and discussed under the heads of 
“se‘ V ° f th ° mMS CmVloyed ’ n ° rmaI Va,uos ’ Physiologic variations and variations in 

The anemias may, on the basis of differences in tlm ,.„i 

content of the red corpuscles, he subdivided into four groups EacliTf tl” lcmog!ob,n 
pears to correspond to a fundamentally different tvpe of disturbs nc • ti T 8r ° Ups ap ' 

Sol'S. ( ” l2> « Staple 
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POISONING, Gasoline and Kerosene, in Children, Nnnn, J. A., and Martin, P. M. ,T .A. 

M. A. 103: 472, 1934. 

There appears to be no specific antidote for gasoline or kerosene poisoning. Treat- 
ment consists of removing as much of the offending agent as possible by gastric lavage 
or emesis ami laxatives. During gastric lavage there is much retelling, struggling and 
breath catching, which seem to favor aspiration of .stomach contents into the lungs. It 
is the authors’ impression that, there is less likelihood of aspiration of the fluid when 
emesis is produced by the oral administration of syrup of ipecac than when gastric lavage 
is employed. In their more recent eases when cyanosis and other signs of respiratory 
embarrassment are present, they believe that the use of oxygen (95 per cent) and carbon 
dioxide (5 per cent) has been of considerable benefit. They therefore recommend the ad- 
ministration of oxygen anil carbon dioxide in all cases that show such signs. It is em- 
ployed for its stimulating action on the respiratory center rather than to increase the 
oxygen-carrying power of the blood. They have also given aUopine sulphate and caffeine 
sodiobenzoate hypodermically for their stimulating elTects. 

DYSENTERY, Sonne, Pelsen J., and Osofsky, A. G. .T. A. M. A. 103: 9GC, 1934. 

Sonne dysentery chiefly affects children and is clmrnctciized by a short incubation 
period, brief couise and general mildness. 

The disease exists iu endemic and epidemic form in the United States. 

With increasing incidence it is expected that the general character of the disease 
will change and, in epidemic form, affect more adults and cause a higher degree of mortal- 
ity in children. 

Sonne dysentery is a contact infection and outbreaks can be terminated by proper 
epidemiologic measures. 

The effects of high titer serums in patients and of specific vaccines in contact cases 
are now being studied. 

SEPTICEMIA: A Method of Treatment, Cadham, F. Am. J. M. Sc. 188: 542, 1934. 

A method is described for the treatment of septicemia by inoculation of a specific 
antiserum and by transfusion of normal human blood scrum. A biief report of 100 enses 
is submitted: 85 of the patients recovered. Excluding the 5 cases of subacute bacterial 
endocarditis, all fatal, the mortality rate of the other 95 cases was 10.5 per cent. 

Numerous strains of streptococci and staphylococci are recovered from patients with 
septicemia or from patients with pyemic foci resulting from infection with these bacteria. 
The microorganisms are cultured in scrum broth and a vaccine prepared. A number of 
rabbits are selected and inoculated with a heavy suspension of the vaccine. Vaccine is 
administered to the rabbit when six months old and the inoculations continued twice 
weekly throughout the useful life of the rabbit, using numerous strains of streptococci 
and staphylococci. The subcutaneous and intravenous route are both employed. When 
one of these animals is two years of age it is considered suitable for the immediate purpose 
in view. Cadham keeps 25 rabbits continuously immunized. 

When a positive culture is obtained from a patient showing symptoms of septicemia, 
a vaccine of the microorganism is prepared as rapidly as possible (generally within twenty- 
four hours), and this vaccine is inoculated into a series of the immunized rabbits. On the 
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In which B r is the “area of reticulocyte response” in scjuarc centimeters and Eo 
:hc initial erythrocyte count (millions per e.mm.). 

By the use of these formulas curves were prepared for the “area of the reticulocyte 
response” similar to those devised by Biddle and by Bcthell and Goldhamcr for the 
maximum reticulocyte percentage response, in terms of the initial red blood cell level. 

HYPOGLYCEMIA, In Diabetes Associated With Obstruction of Pancreatic Duct, Zeckwer, 

I. T. Arch. Int. Med. 188: 330, 1034. 

A patient with a history of diabetes but no medication with insulin manifested 
hypoglycemia. At autopsy, calculi obstructed the pancreatic duct, with resultant extraor- 
dinary atrophy of the acini and islands; the liver showed degenerative changes, and there 
was pulmonarj' tuberculosis. 

The clinical condition paralleled experimental pancreatectomy in the dog, in which 
it has been shown that hepatic insufficiency results from deprivation of the external secre- 
tions of the pancreas. 

Points of similarity between the clinical case and the experimental animal were: 
(.1) the development of hypoglycemia after the hyperglycemic period and (2) hepatic 
degeneration. The latter, however, was of a minor degree and of a different gross and 
histologic character from that seen in dogs. 

The factor of undernutrition must be considered in the production of the hypo- 
glycemia in this case, but has loss experimental basis than the effect of loss of external 
pancreatic secretions. 

In 10,300 autopsies performed in this department, only 4 other instances of pancreatic 
calculi could be found, none of which was associated with diabetes. 

It is suggested that when the liver is damaged through loss of the external secretions 
of the pancreas, especially if the condition is aggravated by undernutrition and tubercu- 
losis, hypoglycemia may result in diabetes even in the absence of treatment with insulin. 

INFLUENZA, Epidemic, A Note on the Suggested Epidemiological Relationship of Certain 

Strains of Green Streptococci to, Noble, W. C., and Brainard, D. H. Am. J. Hyg 20: 

191, 1934. 

Several workers have reported the isolation of specific strains of green streptococci 
from the throats and blood of influenza patients. Falk claims that he has repeatedly 
isolated strains identical with his 42xS and 18dK from human influenza material and 
from monkeys inoculated with this material. The authors have studied the agglutination 
of a large number of strains which they have isolated from influenza patients and from 
other sources. None of these strains is agglutinated by the antiserum for lSdR. Some 
of the strains cross-agglutinate in unabsorbed serum with 42xS; they may therefore bear 
group relationship to 42xS, but they arc certainly not identical with it. It should bo 
noted that they wore isolated as frequently from noninflucnzal as from influenzal sources 
three of them being isolated from normal, uninoculatcd monkeys. ’ 

Roscnow and Falk state that they have found agglutinins for their strains in the 
scrum of influenza patients. The serum from none of our influenza patients or con- 
valescents contained agglutinins for either 42x8 or ISdB. 

The authors have therefore found no evidence that either of these organisms is the 
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AGRANULOCYTIC ANGINA, Following Ingestion of Dinitrophenol Bohn <5 
M. A. 103; 249, 1934. ’ ’ b - b ' 

Agranulocytic angina developed in a patient after the ingestion of 21.8 gm of « t 
dinitrophenol sodium over a period of four months ^ 1 4 

The dosage was 4 mg. per kilogram of hn,lv i. „ 

doubled until the onset of unfavorable reactions' S ^ ’ y f ° r two " ceks an, l then 
Treatment consisted of discontinuine the i • • . 

one transfusion of 230 c.c. of whole Mood, following ^ ^ 
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to be of value from those in which treatment with iron preparations is successful, ami 
distinguishes these two types of anemia from those in which neither method of treatment 
can be expected to succeed. 


JAUNDICE, Hemolytic, Mechanism of Increased Fragility of Erythrocytes in, Haden, E. L. 

Am. J. M. Sc. 188: 141, 1934. 

The erythrocytes in congenital hemolytic jaundice constantly exhibit spherocytosis, 
best shown by the increased volume-thickness index. 

The diameter of the red cell in this condition is always less than normal; the volume 
is variable. 

'When placed in hypotonic salt solution, normal erythrocytes become progressively 
more globular with little change in diameter as the solution is made more hypotonic. 

There is a direct relation between the volume-thickness index and the fragility of 
red cells. 

In congenital hemolytic jaundice, the erythrocytes have at the beginning one of 
the shapes through which a normal cell must pass when placed in successive dilutions of 
hypotonic salt solution, and so may be regarded as nearer the hemolysis point. 

The one fundamental variation from normal in congenital hemolytic icterus is the 
microspherocytosis. The anemia, jaundice, splenomegaly, retieuloeytosis and increased 
fragility ate all secondary to the globular foim of the erythrocyte. 


AUTOHEMAGGLUTINATION, Sherman, I. Am. «T. M. Sc. 188: 4S7. 1934. 

Three eases are reported in which autongglutination of the red blood cells occurred 
at room temperature and disappeared at body temperature. 

The phenomenon is due. to the presence of agglutinins in the serum which produce 
clumping of red blood cells of all four blood groups at temperature below a critical point. 
This point is between 30° and 31.5° C. 

Two of the cases reported belong to Gronp 0 and 1 to Group A. 

All 3 cases were suffering with a febrile infectious condition. Iteexamination in 
one ease, after recovery of the patient, showed diminution of the agglutinizing power 
of the serum to an extent that the clumping of the red cells occurred only in the ice 
box but not any longer at room temperature. 

Two of the 3 patients received blood transfusions and g times respectively, with- 
out any untoward reaction. 


ANEMIA, Pernicious, Relation Between Total Reticulocyte Count and the Degree of 
Bone Marrow Involvement, Bethell, F. H. Am. J. Jr. Sc. 188: 476, 1934. 


In an effort to estimate the comparative quantities of reticulocytes produced during 
the initiation of a remission in different pernicious anemia patients, the areas circum- 
scribed by the graphs of the “reticulocyte responses’’ plotted on a standard paper, were 
measured in square centimeters. 

The value so obtained for any patient is an expression of the total reticulocyte 
response of that patient. 

From the data obtained, formulas were constructed by which a measure of the ex- 
pected total reticulocyte response can be secured from a knowledge of the initial red 
blood cell count. 


For liver extract by mouth 


67.37 

— 0.309 S <1- CIU - 

Eo 


B r = 


SG.93 


For desiccated stomach 


0.3S5 

Eo 


sq. cm. 
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This is in complete agreement with the previous studies. Since it is n specific test, unlike 
the nonspecific white blood cell count or fever and pulse chart, it would scorn to merit 
as much as these methods in the diagnosis of active tuberculosis. It is very unlikely 
that such weak dilutions will produce other than skin reactions. Ayman has not en- 
countered a single focal or general reaction after the 1:50,000 dilution. 

With the recent availability of the crystalline tubcrculoprotcin, it should soon bo 
simple to determine once for all a dilution of this tubcrculoprotcin which will give these 
reactions. Then such a dilution will always be the one to use, whereas at present the 
proper dilution of the old tuberculin will have to be determined for each batch. 


BACTERIAL CARBOHYDRATES, Serological Specificity, With Special Reference to Type 
II Pneumococcus and a Heteropliile Strain of Bacterium Lepisepticum, Dingle, J. H. 
Am. J. Hyg. 20: 148, 1934. 


Specific carbohydrate substances have been isolated from Types I, III and III Diplo. 
pneumoniae, Past, cuniculicida, Sacch. cerevisiae, E. coli, and P. marginalis, and the method 
of preparation has been outlined. 

The carbohydrate substances so isolated have been found to react specifically in 
high dilution with homologous immune sera and to be free from protein as evidenced by 
the biuret reaction. 

The carbohydrate substances of Past, cuniculicida and P. marginalis isolated from 
these organisms for the first time, were found to be soluble in aqueous or saline solution, 
to react with homologous antisera in high dilution, to give positive Molisch reactions and 
negative biuret tests, and to be nitrogen-free. They did not Tcduce Benedict’s solution 
nor did they give a color with iodine. 

Determinations of the specificity of the bacterial carbohydrates wore made by carry- 
ing out precipitin reactions with solutions of the carbohydrate substances and antisera 
against a variety of bacteria. 

The cross-reacting precipitations occurring with the polysaccharides from Types I, 
III, and III pneumococcus and antisera against various bacteria were for the most part 
slight. 

A pronounced characteristic carbohydrate precipitate, however, was obtained with 
rabbit antisera for the heteropliile Past, cuniculicida 370 with Type II pneumococcus car- 
bohydrate. Slight cross-reactions were also noted between the Past, cuniculicida carbo- 
hydrate and both Type II antipneuinococeus rabbit serum and Type III antipneumococcus 
horse serum. 

The polysaccharide from Sacch. cerevisiae did not give cross-reactions with Type II 
antipneumococcuB serum as had been reported by Sugg and Neill, but did give slight, 
reactions with antisera against P. marginalis, Priedlander ’s bacillus, and Past, cuniculicida 
370. 


Reactions of almost uniform intensity were noted between the carbohydrate from 
Sacch. cerevisiae and rabbit immune sera against, the seeds of lettuce, squash, beet wheat 
cabbage, sunflower, alfalfa, carrots, corn, peas, and beans. 

Some variation in the intensity of the reactions of Past, cuniculicida 370 carbohydrate 
with homologous sera from different rabbits was noted, but no reaction at all was given 
with the antiserum for the avirulent strain, RD3. 

The carbohydrate isolated from a fecal, encapsulated strain of E. coli reacted specif 
ically with its homologous antiserum hut with no others. It did not react with an anti- 
serum for a strain of nonfecal E. coli. 

The carbohydrate from P. marginalis showed slight reactions with Types II and III 
antipneumococcus horse sera, and corn and wheat antisera. In determining the group 

spec, fie, ty of tins substance ,t was found that three of the seven antisera for organ sms 
of tiie genus Plivtomonas showed si id it vi>., r .i t> . ' organisms 

strains of P. turn cfacics. " ^ ^nata, and the hop and daisy 
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TUBERCULIN, Skin Sensitiveness to, in Primary Tuberculosis, Stewart, C. A. ,T. A. M. A. 

103: 175, 1034. 

The average degree of skin sensitiveness to old tuberculin present in a group of in- 
fected children with negative or inconclusive chest films was essentinllv equal to that 
present in groups of cases with definite and conspicuous demonstrable intrnthoracic lesions 
in different stages of resolution and considered characteristic and typical of tuberculosis 
of iirst infection. The mean level of allergy to tuberculoprotein produced in groups of 
children by chance infections is independent, therefore, of the absence, presence, scarcity, 
abundance, size or character of the primary tuberculous lesions demonstrable by roentgen 
examinations during life. 

The distribution of different degrees of skin sensitiveness to old tuberculin in a 
group of infected children consisting of cases with normal or inconclusive chest films was 
found not to differ essentially from that present in other cases with distinct demonstrable 
intrathoracic lesions deemed characteristic of tuberculosis of first infection. The curves 
that represent the general pattern of the distribution of different degrees of allergy to 
tuberculoprotein found in each group of cases are very similar. 

This study on living patients failed, therefore, to disclose evidence that justifies one 
in entertaining suspicions that children with large and intense Mantoux reactions harbor 
more extensive pathologic changes or have more active primary tuberculous lesions than 
do other children who are less sensitive to tuberculin. 

Groups of children with primary tuberculosis exclusively, who are dissimilar roent- 
genologicnlly, are alike as far ns the average group skin sensitiveness to tuberculin is 
concerned. Apparently soon after tubercle bacilli make their initial entry into the body 
and before the primary tuberculous lesions have time to resolve, allergy reaches an 
average group level that is sustained with little or no definite change throughout the 
first few years that postdate the primary infection. 

Changes in the size of Mantoux tests throughout the periods of increment and de- 
cline of the reactions in children with normal or inconclusive chest films roughly parallel 
similar changes manifested by skin reactions in other children with definite demonstrable 
intrathoracic lesions typical of tuberculosis of first infection. 

TUBERCULIN TEST, The Intracutaneous Quantitative in the Diagnosis of Active Tuber- 
culosis, Ayman, D. J. A. hr. A. 103: 154, 1934. 

It seems clear that with a given batch of old tuberculin it is easily possible to 
determine a dilution of this which will give a minimum of positive reactions of a certain 
size in patients without active tuberculosis and a maximum of such positive reactions in 
patients with active tuberculosis. More specifically, in the present study a 1:50,000 dilu- 
tion of old tuberculin injected into 202 nontubcrculous patients was found to give 97 
per cent negative results; i.c., reactions less than 10 by 9 jam. in size. The same dilution 
injected into S2 patients with active tuberculosis gave G9 per cent of positive reactions 
10 by 9 mm. in size, and when severely ill patients with high fever and bronchopncumonic 
areas in the lungs were subtracted from the total tuberculous group, 93 per cent of the 
tuberculous patients gave adequate positive reactions 10 by 9 mm. or more in size. In 
seriously ill patients it is known that the allergic responses are diminished or absent, 
and since all these patients had every symptom and sign of active tuberculosis, their 
diagnosis is obvious without the dilute tuberculin test. It therefore seems valid to sub- 
tract these seriously ill patients from the total group. Also, the fact that such ailuto 
reactions occur chiefly when the patient is only mildly or moderately ill rather than mori- 
bund would appear to enhance the value of the test, for the difficulty in the diagnosis of 
tuberculosis is greatest in those patients who are not yet seriously ill- 

AVith. only 3 per cent of clinically nontubcrculous patients reacting to the 1:50,000 
dilution with areas 10 by 9 mm. or more, and from 09 to 93 per cent of such positive 
reactions in patients with active tuberculosis (depending on whether one includes seriously 
ill and moribund patients), Ayman believes that such a test has definite diagnostic value. 
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The section on the preparation anil examination of smears from the month — referred 
to in the book as “Microscopic Examination of the Oral Cavity,” is, it seems to this reviewer, 
somewhat sketchy. The excellent work of Keilty in this field in which these methods are well 
worked out, is not referred to; the Weiss stain for Vincent’s organisms might well be in- 
cluded; tlie method of staining tubercle bacilli in tbc cold lias long supplanted the use of 
heat; and, while B. leprae is acid-fast, decolonization must be carried out with more care 
than when staining for tubercle bacilli. 

Incidentally, tlie book is not restricted to a consideration of diseases of the mouth per 
se but includes also a discussion of tlie changes seen in the mouth in disease in general thus 
rounding off the subject. 

This book can be recommended as a useful contribution. Tlie numerous illustrations are 
excellent and helpful. 


Handbook of Anesthetics* 

'T'HE fourth edition of this well-known and excellent little book lias been thoroughly 
* revised to include the new methods and new apparatus which have established a definite 
claim to recognition. 

As before, this hook remains an authoritative and comprehensive presentation of an- 
esthesia and may be regarded as a safe guide to technic. 


Recent Advances in Endocrinology! 

P NDOCBINOLOGY lias come to be accepted as a term indicating the science concerned 
1 with tlie study of internal secretion, by which is meant the products of those glands 
which separate within themselves specific, compounds and secrete them generally into veins, 
very occasionally into lymph vessels. 

Endocrinology is a relatively new development and as such has suffered from a con- 
fusion of ideas and a still more marked confusion arising from a more or less haphazard 
terminology. As Cushing lias aptly said: “Endocrinology lends itself to two glaring 
faults, one the popularization of writing on the subject, and the other a tendency of clinical 
observers to draw- upon their fancy in a symptomatology which does not lend itself to pre- 
cision.” 

Under these circumstances it is not to be wondered at that the clinician, even though he 
be interested in the subject, should have difficulty in keeping pace with the increasing 
studies made and reported in this field, and still more difficulty in assigning to each its proper 
value and importance. 

For this reason, (he first edition of Professor Cameron’s book, presenting as it did a 
sane, comprehensive, and careful review of this difficult subject, was a welcome addition to 
tlie medical library. 

Equally as welcome is this second edition which takes cognizance of and includes the 
studies in endocrinology up to August, 1934. As a consequence this book has undergone 
an extensive revision. Important revisions have been made upon varied subjects liyperpara 
tliyroidism, hypoglycemia, diabetic treatment, tlie replacement therapy of ovarian di«nWW„ 
and studies on the pituitary. uisoruers, 

The book contains, in addition to an introductory chapter, discussions on- The Thvrnul 
Gland and Iodine Metabolism, The Parathyroid Glands, The Islets of Eangerlians and Tn 
sulin, The Adrenal Glands, The Endocrine Secretions of the Organs Concerned With Be’ 
production. The Pituitary Gland Some Active and Presumptive Endocrine Principles and 
finally a discussion on Endocrine Interrelationships and Antagonisms S ’ a ’ U 

Tlie general utility of the book is enhanced bv a good index 

“* "" 10 "> «<■ poetical and 

1 . ' ■ It Fa|fi t 1 "| ,rt v Late Lecturer on Practical Anesthetics 

Wan in.™ -doth. « 
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Books jnul Monographs for Review should he sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


The Biochemistry of Medicine^ 

' PHAT a second edition should become necessary in two years bears out the prediction 
made in a review of the first edition that this book would be favorably received by the 
practitioner as well as by workers in special fields. 

The present volume represents the changes necessary to bring the test in line with the 
results of newer studies. 

The section on endoerines has been rewritten and now includes an account of anti- 
endocrine compounds. Changes are found also in the section on vitamins, and, in fact, prac- 
tically all the various chapters have been revised and often extended. Xew additions include 
Von Gierke’s glycogen disease, diseases related to disturbances of lipoid storage, dinitrophenol 
in obesity, glycine treatment of myasthenia gravis, and the pentose-nucleotide treatment of 
agranulocytosis. 


Diseases of the Mouth and Their Treatment! 


•"THAT the mouth and its contents present varied changes in disease, changes sometimes of 
differential value and even of pathognomonic import, 1ms long been recognized, while its 
importance as a source of focal infection has been widely discussed in medical literature. 
In view of these facts the present volume by Prinz and Grecnbaum should be of interest to 
practically all who are engaged in the study of disease. 

The specific object of this book is stated in the preface: to gather the enormous mass 
of scattered information on tiie subject and present it in an orderly ami systematic manner 
to the medical and dental professions. That this task has been carefully and comprehensively 
carried out the table of contents bears witness. 

As a reference this hook .should prove of great value to the allied professions of medicine 
and dentistry as suggesting the importance of a careful survey of the mouth, not only in 
the presence of oral disease but of disease in general. 

The section on gingivitis should he of great value for while this is, perhaps, the most 
commonly encountered disease in the mouth, it is nevertheless one concerning which the gen- 
eral information is most likely to he confused. 

The reviewer, therefore, welcomes its clean-cut and logical discussion in this book. 
Concerning the constant and varied bacterial flora of the mouth even in health, and recog- 
nizing that most of these organisms are peculiarly opportunists, it is apparent that, whatever 
the primary cause of gingivitis may be, the clinical and laboratory picture is almost im- 
mediately complicated, and not infrequently to no small extent determined, by the secondary 
bacterial invasion. 

The borderline between one kind of gingivitis and another is hence often nebulous. 
Particularly is it refreshing to see that the gingivitis characterized by a predominance of 
Vincent’s organisms, the “trench mouth” of the laity, is clearly stated to be a condition sub- 
ject to arrest rather than cure. For those familiar with its bacteriology have long realized 
that successive attacks are not new events but represent a recurrence of the original disease. 

It is to be expected, of course, that the first edition of any book of this kind is subject 
to minor criticisms. 


’ ”~ : ne. By A. T. Cameron. Professor of Biochemistry. University of 
ofessor of medicine. University of Manitoba, Ed. Cloth, pp. 
& Co., Baltimore. 
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the Chair of Physiology at the University of Toronto. He remained with this 
University until 1928, at which time he accepted the Chair of Physiology at 
Aberdeen University, succeeding Prof. <J. A. MacWilliam, who had resigned. 
In 1922, while connected with the University of Toronto, his collaboration and 
helpful enthusiasm brought success to the labors of Banting and Best, who 
succeeded in producing from the pancreas a secretion which they named 
“insulin,” and proved its therapeutic value in the treatment of diabetes. For 
this discovery these three won immediate recognition throughout the sci- 
entific world, and Macleod and Banting were awarded the Nobel prize in 
medicine for 1923. 

It was my good fortune to have been closely associated with Macleod for 
nearly twenty years. Through a chance meeting with his assistant, Roy G. 
Pearce, in February, 1915, this acquaintance began, and from it ultimately came 
Macleod’s important contribution to physiology, Physiology and Biochemistry 
in Modern Medicine, the first edition published in 1918. His enthusiasm and 
clear thinking impressed every one with whom he came in. contact. His was the 
genuine scientific mind. Statements and beliefs meant nothing to him. Only 
positive proof — so positive that nothing but truth remained — was acceptable. In 
meditating over his life since his passing, I am reminded very much of Livingston. 
Both Scotch, both much alike in physical appearance, both with a profound 
courage and consuming enthusiasm, both sons of clergymen, both working at the 
end of life under great physical handicaps but without a murmur or complaint. 
All during the summer of 1934, Macleod read galley and page proof on the 
seventh edition of Physiology in Modern Medicine, and never in any way did he 
betray that he was ill. Less than a month before his passing I had a long letter 
telling me of his satisfaction with this, his last edition, and of his hopes for 
future editions. 


Early in my contact with him he expressed the feeling that physiology was 
of value only in its relationship to clinical medicine and surgery. He taught 
physiology with this constantly in mind; a viewpoint that is accepted and pro- 
claimed everywhere today. 

When the Journal of Laboratory and Clinical Medicine was started in 1915 
Macleod was a member of the Advisory Editorial Board. ‘With him were 
Roger S. Morris, Paul G. Woolley, Roy G. Pearce, Dennis E. Jackson, F. P. Gay 
Hans Zinsser. Victor C. Vaughan was Editor-in-Chief. Now only Jackson 
remains of this original group. Gay, Zinsser and Pearce resigned after a 
few years; Vaughan, Morris, Woolley, Macleod are gone. It was through the 
Pages of this Journal that the discovery of insulin was first published in a 
medical journal. 


It has been the good fortune of few men in medicine to bestow upon man 
land a gift so great, and so lasting as was bestowed upon it by Macleod in the 
help he rendered m the discovery of insulin. Vaughan, in commenting on this 
to me soon after its proof was definite, ranked it of equal importance with the 
work of .Tenner, 1 astern;, von Behring and Koch. In fact, he pronounced it of 
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EDITORIALS 


John James Rickard Macleod 

M ACLEOD, the eminent physiologist, co-discoverer of insulin, passed away 
at his home in Aberdeen, Scotland, Saturday, March 16. For more than 
two years he had been afflicted with an arthritic infection, but kept on with Iris 
labors — teaching and writing — betraying by neither word nor sign of any kind 
that he believed the end to he near. He carried with him to t-lie last the tradition 
of his race — to do one’s best under all conditions and never complain. 

Macleod was bom at the manse in Cluny, near Dunkeld, Scotland, Septem- 
ber 6, 1S76, the son of the late Rev. Robert Macleod. He was graduated from 
Marischal College, University of Aberdeen, with the degrees of M.B., Ch.B., in 
1898, and four years later obtained the degree of D.P.H. from Cambridge Uni- 
versity. About ten years ago the honorary degree of LL.D. was bestowed upon 
him by University of Aberdeen. In 1903, he was made Professor of Physiology 
at Western Reserve University, and held this chair until 191S when he accepted 
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strength of the patients but also in their gains in weight and improved tonus of 
their muscles. 

Beneficial results have been substantiated in muscular dystrophy by 
Kostakow and Slanck, Chanutin, Britt and "Royster, Beard and Tripoli, although 
it would appear that the treatment of muscular dystrophy has not been success- 
ful in many cases and certain cases do not respond at all. 

No ill effects from the use of glycine have been noted. Kidney function even 
after long periods of glycine administration as measured by urea clearance has 
remained unchanged. 

Glycine which is the simplest of the scries of amino-acids is known to be 
synthesized by the body. Glycine is present in small amounts in many foods; 
gelatin, however, is the only common substance that contains large amounts of 
it. It is not considered as an essential amino-acid, in other words animals can 
live without any in their food, probably because the body under normal condi- 
tions can make all it needs. As a result little attention has been given to the 
possible necessity or even the advisability of administration of glycine. 

Glycine should be considered not as a drug but rather a food, in fact as one 
of the building stones of tissue. At present not much of anything is known of 
the actual chemical processes involved in the intermediary metabolism. It is 
possible that even though our bodies synthesize glycine, under certain abnormal 
conditions the synthesis may be inadequate to prevent muscular fatigability. 

Recent investigations of the use of this amino-acid treatment have aroused 
great interest and have opened a new chapter in the field of metabolism. Glycine 
offers hope in the treatment of certain myopathies, adds metabolic evidence of 
the differences existing among these various muscle diseases, and creates a new 
viewpoint to attempt to elucidate the function and importance of creatine and 
creatine precursors in muscle physiology. 

Early mild stages of myasthenia gravis may be frequently overlooked and 
mistaken for chronic nervous exhaustion. A diagnosis may be given of func- 
tional, neurotic or hysterical and the true condition recognized only after the 
progress of the disease has developed definite objective signs. The clinical study 
of patients whose main complaint is fatigability requires in a differential 
diagnostic effort the consideration of the possibility that these symptoms may be 
indicative of an early or mild transient form of myasthenia gravis. Op'pen- 
heim’s original description of the cardinal symptoms of myasthenia °ravis 
namely weakness and fatigability of groups of muscles, especially those innervated 
by cranial nerves (bulbar palsy, ptosis, ophthalmoplegia) should be borne in 
mind. 


However, a word of caution should be given in the application of glycine to 
various fatigabilities of patients without pathologic changes in muscle A1 
though it will be of interest to observe the effects of glycine in simple fatmabilitv 
great care in the subjective interpretation of symptomatic results will be neces- 
savy. 


Tlu. s .mfc md m»„ dinted i, motions of ,hc o s c of -|vci, t avc in d« 
very enlightening and open a new field of metabolic r<u. • 

will probably not prove to be a panacea for all disturbances of miisdcs!°" 
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seeing it, no doubt, made death easier for him. With one's work done, especially 
a work so beneficial as that done by Maclcod, one can face the end just as one 
lies down at the close of the day to sleep peacefully, knowing that he has done 
his best. 

His students caught the master’s vision and enthusiasm. He was never 
so happy as when he had a group around him, demonstrating, proving, inspiring. 
To these lie has passed the torch, and in them will his life and his work live 
on, while the millions now and in the future who live because of insulin bless and 
revere his name. 

— C. V. Mosbi). 


Glycine, Glycocoll, or Amino-Acetic Acid 

G IBSON and Martin and Brand, Harris, Sandberg and Ringer, in their in- 
vestigations of the origin of creatine, were among the first to recognize the 
importance of glycine. The significant relationship between glycine,* a sub- 
stance that the normal person can readily synthesize, and creatine, which has been 
demonstrated to play an important part in muscle function, suggested to several 
investigators that prolonged administration of t be amino-acid might influence 
the myopathies. The discovery of metabolic functions of creatine in muscle 
metabolism has attracted considerable clinical interest in the study and treat- 
ment of disorders of the muscular system. Evidence is gradually accumulating 
which indicates that the metabolism of creatine has a wider clinical importance 
than in the myopathies alone, for changes in creatine excretion have been noted 
in individuals not suffering from disorders of the muscular system. 

Karl Thomas, one of the most, noted of German physiologic chemists, has 
been particularly interested in all problems connected with metabolism. From 
his laboratory in Leipzig came a report of the beneficial effect of the administra- 
tion of glycine to patients with progressive muscular dystrophy. This was a 
rather striking confirmation of the hypothesis that glycine might influence the 
myopathies. 

Following this work of Thomas, Milhorat and Tcehnor, Boothby, in conjunc- 
tion with Wilder, flench aud tho section of neurology, of the Mayo Clinic, 
not only studied the use of glycine in muscular dystrophy but also extended the 
investigation to include patients with undoubted myasthenia gravis and even 
eases of variations of fatigability unassoeiated with any type of muscular 
pathologic changes. 

Since these early reports Remen, Schmitt, Van Dalsem, Reese, Taylor, 
Beard, Tripoli, and others have used glycine in cases of myasthenia gravis and 
feci confident that glycine as a therapeutic agent in this condition is of significant 
value. Although in a very few of the most severe eases benefit from it has not 
been obtained, unmistakable benefit has been obtained in other severe cases and in 
all of the milder cases. The improvement obtained is not only in the increased 

♦fJIvcine must not be confused with the photographic developer sold under the trade 
name, glycin, which is an entirely different substance and is distinctly poisonous. 



CORRESPONDENCE 


To the Editor: 


TN REGARD to Dr. Kracke ’s letter in your journal for January, in -which he criticized my 
^ article on the role of amidopyrine in the etiology of granulocytopenia, I feel that several 
of his criticisms are entirely unwarranted, and contrary to the consensus of scientific opinion. 

Dr. Kracke stales that amidopyrine is prepared from phenyl hydrazine and comes 
ultimately from benzene and anilin, and goes on to state "it is not prepared from pyrazolon. ’’ 
Quite true, but can he deny that, regardless of its derivation, it contains a pyrazolon ring? 

Dr. Kracke states that amidopyrine does not have an imido radicle, but that it has an 
amino radicle instead. In this statement he is absolutely wrong, as shown by McGuigan, who 
in A Textbool; of Pharmacology and Therapeutics (Saunders, 1928), page 137, states: "The 
antipyretic action apparently resides in the benzene ring. Benzol itself is not antipyretic be- 
cause it cannot enter into reaction with the body tissues, but phenol has some antipyretic 
action, anilin and phenyl hydrazine act more strongly. Paraminophenol is also antipyretic. 
The latter is more antipyretic and causes less blood destruction than anilin or phenyl hydrazine. 
In antipyrine, the pyrazole ring or complex apparently is also antipyretic since the antipyretic 
properties are absent in 1-plienyl 3-methyl pyrazolon, and only when the imido hydrogen is 
replaced by methyl does it appear." Naturally what is true of antipyrine, is equally true of 
its derivative, amidopyrine. 

In An Introduction to Chemical Pharmacology (Blakiston, 1921), McGuigan classes anti- 
pyrine as an artificial alkaloid, and states that like alkaloids, it unites with acids, and when 
prepared, it is combined with III. In his list of alkaloids, on page 224, he includes anti- 
pyrine. 

Kracke states that there is insufficient evidence to ban amidopyrine. Yet, in his article 
on "The Etiology of Granulopenia" (American Journal of Clinical Pathology 4: 453, 1934), 
he states: "first, that granulopenia, based on a review of 1,385 death reports, is a disease 
that affects nurses, physicians and medical people more than any group in the country- 
second, that certain diugs of the benzene ring clas3 are capable of being oxidized to toxic 
products which are capable of producing granulopenia in rabbits." Further in the same 
article, lie states: "It seems that there is constantly increasing evidence that acute fulminant 
granulopenia and probably the chronic types as well are caused for the most part by the 
administration of easily oxidizable benzene ring drugs. In the literature there now have 
accumulated reports of fifty cases in which these drugs are incriminated; notably amidopyrine 
occasionally phenacetinc and in one instance dinitroplienol. " Furthermore, the Food and Drug 
Division of the U. S. Department of Agriculture has recently sent out’ a bulletin warning 
physicians about two dangerous drugs— amidopyrine and cinehophen. The burden of proof 
is now upon the champions of amidopyrine. 1 


When Kracke classed amidopyrine as a benzene ring compound, I saw fit to disagree with 
him in my original article. I still maintain that it is a pyrazolon compound and that the 
benzene is a side chain. I have already quoted McGuigan in classifying a pyrazolon com 
pound, antipyrine, as an artificial alkaloid. Evidently, he regards it as entirelv different in 
structure from acetan.bd and phenacctin, both of which are mentioned in liis book but 
neither of which is considered an alkaloid. Furthermore Beckman in ^ f 

Practice (Saunders, 1934), under ‘ ‘ Agranulocytosis-Therapv"rivcs ‘ '* 

Withholding of Drugs Containing Pyrazolon Derivatives ” and mentin ° '-T 
and Squicr’s 14 cases, stating that all of these gave a histo^ of h ' specifically Madison 
Evidently, lie recognizes amidopyrine as a pyrazolon. compound. ‘‘ “ nmu?0 ^ n7IC - 

previously quoted, on’page l^..•;^le 1 states 1 : ' , - M^eporte^ one ’ G ° Wn Urticle - 

of acetanilid. However, this patient has since &*%££££ £ S “ 

999 



998 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


REFERENCES 


1. Gibson, R. B., and Martin, Frances T.: Sonic Observations on Creatine Formation in a 

Case of Progressive Psemlohvpertropliie Muscular Dystrophy, ,T. Biol. Chcm. 49: 319, 
1921. 

2. Brand, E., Harris, M. M., Sandberg, M., and Ringer, A. T.: Studies on the Origin of 

Creatine (Abst.), Am. .1. Physiol. 90: 29(1, 1929. 

3. Thomas, Karl, Milhorat, A. T., and Technor, Fritz: Untersuehungen iiber die Ilerkunft 

des Krealins, Ein Beitrag zur Behandlung progrossiver Muskclatrophicn mit Glykokol 
(Vorliiufige Mittcilung), Ztsclir. f. physiol. Clicm. 205: 93, 1932. 

4. Milhorat, A. T., Technor, Fritz, and Thomas, Karl: Significance of Creatine in Progres- 

sive Muscular Dystrophy, and Treatment of This Disease With Glycin, Proc. Soc. 
Exper. Biol. &. Med. 29: 009, 1932. 

5. Boothbv, AV. M.: Myasthenia Gravis: a Preliminary Report on the Effect of Treatment 

With Glycine, Proc. .Staff Meet. Mayo Clinic 7: 557, 501, 1932. 

6. Boothby, W. M., Adams, Mildred, Power, M. II., Edgeworth, Harriet, Moersch, F. P., 

Woltman, II. W., and Wilder, R. M.: Myasthenia Gravis: Second Report on the 
Effect of Treatment With Glycine, Proc. Staff Meet. Mayo Clinic 7: 737, 1932. 

7. Boothby, W. M. : Myasthenia Gravis: Third Report: the Effect of Treatment With 

Glycine and Ephedrine, Arch. Int. Med. 53: 39, 1931. Myasthenia Gravis: Fourth 
Report: the Onset and Course of the Disease, .T. A. M. A. 102: 259, 1931. 

S. Remen, L. : Zur Pathogenesr- und Therapie der Myasthenia gravis pseudoparnlytica, 
Deutsche Ztsclir. f. Ncrvenh. 128: GG, 1932. 

9. Tripoli, C. J., McCord, W. M., and Beard, 11. M.: Muscular Dystrophy, Muscular Atrophy, 
Myasthenia Gravis and Strabismus, J. A. M. A. 103: 1595, 1934. 

10. Kostakow, S., and Slauck, A.: Deutsche med. Welmschr. 59: 1GP, 1933; Deutsches Arch, 
f. klin. Med. 175: 25, 302, 1933. 


— C. J. B. 




1000 


the JornxAi, of lakoratory a no ceixicae medicixe 


received amidopyrine also. \Ye Relieve, therefore, that aeetanilid ean he ruled out as an 
etiologic drug since there is no report of any ease of granulopenia following the use of 
that drug alone. ” 

As to the advisability of combining aeetanilid with alkalies and caffeine, Worth Hale 
demonstrated that alkalies decreased the toxicity of aeetanilid by 20 to 25 per cent, hut thought 
that caffeine increased the toxicity. MeGuigan, during the past year, exploded this theory in 
regard to caffeine, and by carefully conducted experiments, showed that caffeine reduced 
the toxicity of aeetanilid. Furthermore, the U.S.P. preparation, pulvis aeetanilid compound, 
consists of aeetanilid, caffeine, and sodium bicarbonate in the proportions of 100, 15, and 30. 

The J. A. .If. A. under the editorial column of Therapeutics (101: 1220, 1035), under 
“Analgesia,” recommends aspirin for the milder types of pain, and states that if it does 
not suffice to relieve the pain, aeetanilid may be added to it. It. also refers to specific, in- 
dications for phenoharhital, morphine or codeine. It ignores amidopyrine. 

I still maintain that the coal-tar analgesics should he placed into three distinct group- 
ings: (1) aeetanilid and phenaeetin, derivatives of anilin, and excreted as paraminophenol ; 

(2) ant.ipyrine and amidopyrine, pyrazolon compounds, excreted largely unchanged; and 

(3) the salicylates, excreted as ethereal sulphates and glycuronates. I do not regard it as 
chemically or medically correct to include groups (1) and (2) together as “benzamide com- 
pounds’’ or benzene ring derivatives, as I consider the pyrazolon ring important in differenti- 
ating the two, and I consider tint they comprise two distinct groups. I also maintain that 
amidopyrine has been our worst offender as tho causative factor of granulocytopenia, and we 
should recognize this fact, and properly classify the drug as a pyrazolon compound, and not 
obscure the issue by speaking of “henzamine drugs,” and “benzene ring drugs,” where 
the benzene ring may have no hearing upon the case, as the other benzene ring drugs do not 
have the disastrous effects of amidopyrine. Those who adhere to the “benzene ring” theory 
will have to produce greater evidence than they have thus far produced, to give credence 
to their theory. Meanwhile, I shall adhere to the hypothesis which clinical evidence seems 
to produce — amidopyrine is distinctly different from other coal-tar analgesics; and in my 
opinion, the pyrazolon group, and more specifically the itnido radicle, is responsible for 
its toxic properties. 

Yen- truly yours, 

(Signed) Lrcirs Fei.ix 1Ierz, Pn.B., M.D. 

145 \Y. 71st Street, Xew York 

May 2, 1935. 
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In France the views of Cuvier, the morphologist who died in 1832, still 
dominated physiology. He was a through and through vitalist and conse- 
quently scoffed at experimental methods as a means of acquiring information. 
Bernard’s chief, Magendie, was not willing to admit that vitalism was non- 
existent, but he believed much could be learned from experimental studies. 
Michael Foster referred to him as “the apostle of experimental methods in 
France.” He experimented, however, without previous premeditation, believ- 
ing that a preconceived idea was not essential (and might be a handicap). 
According to Foster, “He thrust his knife here and there to see what would 
come out.” Magendie said of himself, “I am a mere street scavenger of sci- 
ence. With my hook in my hand and my basket on my back, I go about the 
streets of science collecting what I find.” (Quoted by Michael Foster in “Claude 
Bernard,” Maslers of Medicine Series.) However, he made many valuable con- 
tributions to science and in addition gave a great impetus to the experimental 
method of approach. No doubt he had a great influence on Claude Bernard. 


Bernard, therefore, was beginning his life’s work at a time when vitalism, 
which had been such a handicap to investigation, was rapidly on the -wane. 
He had the wisdom to strike out on new lines, by combining premeditation with 
experimentation, and throwing vitalism into the discard. His opinion of the 
medicine of that day is expressed in his opening lecture to students in 1847 : 
“Scientific medicine, gentlemen, which it ought to be my duty to teach, does 
not exist.” Shortly after this a special chair of physiology was established for 
him at the Sorbonne and in 1855, after Magendie ’s death, he was given the lat- 
ter’s chair at the College of France. In 1868 he was given the highest honor 
that could be bestowed on a scientist, a membership in the French Academy 


In 1865 his book entitled Introduction to the Study of Experimental 
Medicine was published. This book was translated into English in 1927 This 
paper is largely in the form of a review of this book. Henry E. Sigerist in his 
book The Great Doctor says of this volume: “It is the fate of medical boolsk 
to age quickly, but there are exceptions. If in contemporary Paris we examine 
the bookseller’s windows in the neighborhood of the medical college, we shall 
find exposed for sale a work whose first edition was published in 1865 ” This 
is Claude Bernard’s Introduction to the Study of Experimental Medicine 
Sigerist refers to a statement made by Pasteur one year after tbte wi- 
issued: “Never has anything clearer or more complete, more profound been 
written about the true principles of the difficult art of experiment ” ’ 


In his opening discussion he says that information acquired by medicine 
up to the present time has been through various evanescent systems all of 
them empirical. He states that medicine is turning toward its permanent 
scientific path. Systems are being abandoned and medicine i, 
more analytical and gradually will become an experimental T . • V* 8 

opinion that the approach to this will come through applying tbp^' ^ ” S 
-thod physiology, to pathology, and t0 medil ?"e ”^^7'™"“ 
that, during tlio period ot empiricism, pbvsioWv and modi,; ,) J Sayms 
separately, “but note they must mutually Cport each 0 H,er ' 

„,c basic science.'. “I thinh th« medicine is ^ 
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During - his fifth year he was appointed ail interne and, by a happy chance, 
was assigned to Magendie who at this time was one of the physicians at Hotel 
Dieu. Magendie observed Bernard preparing an animal for experimental dem- 
onstration and was impressed by the latter’s remarkable skill in dissection. He 
immediately appointed him his assistant in the preparation of experimental 
demonstrations. At this time Bernard was transferred to the College of 
Prance where Magendie held a chair. 

Claude Bernard took his degree in 3843. at the age of thirty years. His 
thesis was on gastric juice and the part if plays in digestion. 

As assistant to Magendie, he worked under the most unfavorable condi- 
tions. He had a small gloomy room in the college which served as his experi- 
mental laboratory. A small group of friends met with him on Monday evenings 
to discuss his experiments. The antivivisectionists were very active at this 
time and were responsible for many of his worries. 

The following is a list of his most important discoveries : 

He ascertained the method of action of the various digestive juices. 

He demonstrated the role of the pancreas in the digestion of fats. 

He showed that sugar was always present in the blood, and that it was stored in the 
liver and muscles in the form of glycogen. 

He pointed out that when a certain spot in the medulla was punctured by a needle there 
followed a great increase in the blood sugar and glycosuria. This experiment was followed 
up to determine why this occurred, and he came to the conclusion that it was due to stimulation 
of sympathetic nerves. 

To him belongs the credit for first demonstrating that the sympathetic nervous system 
was concerned with metabolism. Following this, he investigated the role of the sympathetic 
nervous system on the various organs. 

He demonstrated that curare acted on the terminal ends of the motor nerves. He then 
investigated other poisons and found that each attacked a particular tissue. He showed 
that carbon monoxide entered into combination with hemoglobin. He then investigated a 
number of drugs and found that, like the poisons, they acted on certain tissues. He thus 
extended his field of experimental physiology into the domain of experimental pharmacology. 

In order to appreciate Claude Bernard ’s influence on medicine, we should 
understand the condition of physiology during the first half of the nineteenth 
century. Vitalism, a child of Galen, and at this time the last remnant of theo- 
logie influence on science, still controlled, or at least interfered with, efforts to 
advance knowledge of living matter by experimental means. Vitalism was a 
theory 7 (or perhaps more accurately, a creed) that there was a vital process in 
living matter which did not admit of explanation by mechanical or material 
means. 

Johannes Muller, known as the father of scientific medicine in Germany, 
was the outstanding physiologist in his homeland at this period. In his earlier 
years he had made some physiologic investigations on the special senses. He 
was also a biologist and morphologist. He clung to vitalism, but not to the 
extent that lie thought it impossible to explain some of nature’s secrets by 7 ex- 
perimental means. He did much to encourage investigation. 

In England physiology, as a profession, had few followers, but these few 
workers were following experimental methods. 
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verified, we nl least, have collected some I'acfs find, are useful to science. l'Jie 
tending to a preconceived idea always has been and always will be the first 
flight of an investigative mind.” 

Bernard was not only a scientist, but also a philosopher as shown by the 
following quotation: “The experimental method is not a natural tendency 
for man. Only after lengthy wandering in theological and scholastic discus- 
sion has he recognized at last the sterility of bis efforts in this direction. 
“The experimental mind differs from the scholastic chiefly in its modesty be- 
cause his experiments make him moment by moment conscious of both his 
relative and absolute ignorance.” 

Again philosophizing, he says that the human mind in the course of evolu- 
tion has passed first from feeling to reasoning and finally to the experimental 
method. First, feeling alone imposed itself on reason. This created the faith 
in theology. “Reason or philosophy, the mind’s next mistress, brought to 
birth scholasticism.” “Experimentation in natural phenomena brought forth 
truths concealed frem feeling or reason. Jn the search for truth, however, feel- 
ing takes the lead : it begets the a priori idea, reason develops tin's idea. In turn 
reason must be guided by experiment.” “The experimental method is con- 
cerned only in objective truths.” 

“Experimental ideas do not arise spontaneously. Usually such ideas arise 
as a result of observation.” In his work he relates that not infrequently in the 
course of an experiment he made an observation that bad nothing to do with the 
subject under investigation, but which furnished a lead for further experi- 
mentation. 


He refers to a statement frequently made, that to make discoveries one 
must be ignorant. This is in line with a statement made by Sir Clifford Allbutt 
in regard to a famous surgeon of the sixteenth century.- “He was uneducated 
and hence did not have the handicap of a speculative intellect.” Bernard says 
that this statement contains a truth as uncontrolled theories lead one astray 
especially if unable 1o ignore truths that are in conflict with one’s theory 
“We never make experiments to confirm our ideas but to control them ” 

He warns against the man who conducts his experiments only for the pur- 
pose of refuting a colleague, rather than to collect facts.- “At the same time 
they make poor observers because they choose only those observations that suit 
their purpose.” “A man of science wishing to find truth must keep his mind 
free and calm and if possible never have bis lids bedewed, as Bacon says In- 
human passions.” ' ’ * 


If in error we must gladly admit it. “When we make a mistake the sendee 
which we owe to trnth requires that we should never fear retraction “T t 
me say it is always inslrucl.ve to acknowledge an error. It is not enough to 
say ‘I was mistaken ; we must say bow we were mistaken ” ” 

1I» ll.o conclusions that l,c thwart™ a posilivc result is 

followed by one or more nopal, vc ones. “Xc-Mivc fata, no matter ho* 
oils they may be, never destroy a single positive f-u-t am t - , mmiei- 

nef f ,,n " ,1< : , erit . id *» »-thod should be'^S 

m science, because science is never built on negation.” * i^ected 
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and progressive seionco and preeisely because of my eon vie) ion in 1 his respect 
1 am putting forth this work with an object of contributing my share toward 
encouraging the development of scientific and experimental medicine.” lie 
discusses the difference between observation and experiment, “the former ap- 
pears of itself; the latter is the fruit of an effort.” lie agrees with Cuvier 
when he says, “The observer listens to nature; tbe experimenter questions 
and forces her to unveil herself.” The experimenter must have some genius as 
an inventor in order to devise apparatus. “In the experimental sciences all 
progress is measured by improvement in the means of investigation.” “In 
scientific investigation minutiae of method are of the highest value. An instru- 
ment constructed in some special way may often suffice to solve the most abstract 
problem.” Simple noting of facts is of limited value: “We must reason about 
what we have observed.” An effort should be made to have some guiding 
lead before beginning an experiment. Occasionally an experiment is per- 
formed without any preconceived idea: “The experiment is then an observation 
induced with the object of bringing to birth an idea.” 

Tbe experimenter must possess three qualities — be must have ideas; must 
be an unbiased observer; and must have manual dexterity. Bernard's early 
work in anatomy bad trained bis hand and eye. “Observers simply note the 
phenomena before their eyes.” “Observers then must be photographers of 
phenomena. Their observations must accurately represent nature.” “We 
must observe without any preconceived ideas, the mind must be passive, that 
is, it must bold its peace. It listens to nature and writes at her dictation.” 

When the experiment is begun “Tbe experimenter must now disappear, 
or rather change himself instantly into an observer, and it is only after be has 
noted the results of his experiment exactly that his mind will come back to 
reason, compare, and decide whether his experimental hypothesis is verified 
or disproved by these results.” He proceeds further along this same line: “I 
may say that our experimenter puts questions to nature, but as she speaks lie 
must bold bis peace, be must note her answers, bear her out. and in every case 
accept her decisions.” “Put off your imagination, as you take off your over- 
coat. when you enter the laboratory, but put it on again as you do vouv over- 
coat when you leave tbe laboratory. Before the experiment and between 
whiles, let your imagination wrap you around ; put it right away from you 
during the experiment itself lest it hinder vour observing power.” Bernard em- 
phasizes this saying by another: “lie must never speak for her nor listen 
partially to her answers by taking from the results of an experiment only 
those things that support or confirm his hypothesis.” 

An experiment is made up of two parts — premeditation on the method 
with which the experiment is to be carried out; and notation of the result. “I 
consider it, therefore, an absolute principle that experiments must always be 
devised in view of a preconceived idea, no matter if the idea be not clear nor 
-very well defined.” To those who condemn the use of a hypothesis or pre- 
conceived idea, lie answers by saying, “They confuse the method of making the 
experiment with the method of recording the result.” “We must give free 
remn to our imagination, but we must regulate it.” If tbe hypothesis is not 
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He refers to a statement made by Laplace, when asked why lie wished to admit 
physicians to the Academy of Science (as medicine was not a science), “To get 
them among scientific men.” 

Referring to the origin of therapeutics : “The first tendency of man was 
to help his neighbor in distress. The agent employed might be a drug, or 
moral or religious advice.” “But after this first flight of fancy which started 
so to speak from the heart, men have been led to reflect and, seeing the sick 
recover often with and without medicine, they were inclined to ask whether 
medicine was useful or harmful. ’ ’ 


“Experimental medicine, unlike other cults, has no system and rejects 
nothing that appears reasonable, but maintains an analytical attitude tOAvard 
medicine.” “The scientist is not satisfied with the statement that quinine 
cures fever; lie wishes to know the cause of the fever and the means of cure.” 

He says that the scientific physician is always more perplexed at the bed- 
side than the empiricist, because he realizes the limitation of drug therapy. ‘ ‘ He 
does not object to using empirical remedies but does insist on observing their 
effect and drawing conclusions.” “Empiricism is nothing but the first step 
of the experimental method.” “We must suffer empiricism but not accept it 
as a system.” “Experimental medicine is only a union of expectancy and 
empiricism, enlightened by reason and experiment.” “Medicine is destined 
to get away from empiricism.” “Of course we shall not see scientific medicine 
. blossoming in our day but that is not man’s lot ; those who sow and laboriously 
till the field of science are not also destined to reap the harvest.” “We must 
remember that the one unchanging scientific principle in medicine is the ab- 
solute determinism of phenomena.” 


He warns against words that mean nothing, yet at first thought might 
appear to explain. “We must constantly be on our guard against the traps 
which our minds perpetually set for themselves.” 

He believes the teacher should simply show the student the goal- “He 
should then leave him free to move about and in his own way according to 
his own nature, only coming to his aid if he sees he is straying.” 


“A desire for knowledge is the moving influence in the investigator ” 
“Those who do not know the torment of the unknown cannot have the°joy of 
discovery which is certainly the liveliest that the mind of man can feel ” 
Claude Bernard’s faith that advancement in medicine would in a "large 
measure, be due to discoveries made through experimental nhviioW was 
based largely upon the epoch-making discoveries made in his laboratory H 

'7 0nl! 7 ,,e - in " i "- directed toward matins dicine 

r: - 

!° V”” "I', ,7™"'°' “ “ P '™'Cd by tile future^pi-o-ressof 

biologic science. n oi 

'I’lie science of bacteriology at this limn „. ot . , 

cation of this science to medicine lar^elv came thro” 11 ] IOWe . Ver ’ the appii ‘ 

° * came through experimental physi- 
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To Bernard must be given (he credit for recognizing the close relationship 
between physiology and clinical medicine. At the present lime this relation- 
ship is not so widely grasped as it should he. ]n truth the symptoms of disease 
are merely the manifestations of a disturbed or pathologic physiology. We might 
add that the signs of disease are the expression of pathologic anatomy which in 
turn is responsible for the disturbed physiology. 

Bernard in the third chapter of the third part of his hook discusses the 
application of physiologic experimental methods to clinical medicine. He states 
repeatedly that scientific medicine will develop through a knowledge of physi- 
ology. He says that the beginning of all science is empiricism, based on a 
chance observation or experience. Empiricism can never be a permanent state 
of science, but it is the first preliminary step. While empiricism largely domi- 
nated medicine in his day, his faith was unbounded that eventually empiricism 
would be replaced by science through the experimental method. “The physi- 
cian's new observations are generally the result of chance: that is, t lie patient 
comes to the physician and this act may be considered chance.” “In such cir- 
cumstances the physician’s originality lies in his ability to see the fact that 
chance has presented to him and in not letting it escape and his only merit 
is accurate observation.” Ilis pride in the importance of physiology is ex- 
pressed as follows: “To make good medical observation it is not only neces- 
sary to have a good observing mind, but also to he a good physiologist.” “We 
must be, as it were, a photographer of Nature.” 

“All early therapeutic observations were matters of chance, the observing 
of the effect of certain remedies, but control experiments are necessary before 
drawing conclusions.” He recommends the method of Pinel who said in his 
clinic: “This year we will observe diseases without treating them; next year 
we will treat them.” “Only by this method are we enabled to know the coarse 
of untreated disease.” “Therapeutic investigation conforms to exactly the same 
rules as physiological and pathological investigations.” “The method of ob- 
servation and experiment is still the same, unchangeable in its principles and 
offering only a few peculiarities in its application.” 

He states positively that scientific medicine does not mean that bedside 
observation can be dispensed with: “Quite the contrary, it is the observing 
physician who must be depended upon to draw conclusions.” “It is essential, 
however, that the observer have a scientific mind; that is, he must love truth 
for science’s sake.” He criticizes those who believe that clinical medicine is 
largely an intuitive science — “Such physicians deny science and encourage lazi- 
ness, ignorance and charlatanism.” He admits that experience may be a valu- 
able aid to the physician, largely due to accumulation of empirical knowledge, 
“But what I blame is wilfully staying in this empirical state and not trying 
to get out of it.” He also criticizes those who say that medicine is largely an 
art • “There is no such thing as a medical artist. Physicians calling themselves 
such injure medical science because they exalt a physician’s personality by low- 
erin" the importance of science.” He believes the best method of advancing 
scientific medicine is to train the medical student in experimental methods. 
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started with 5 units thirty minutes before each of the three meals. At intervals 
of several days as indicated hv the blood sugar two hours alter breakfast, the 
insulin dosage was increased a few units at a time until one patient was re- 
ceiving as much as 75 units daily. All of the patients in this series were on 
a general diet with one exception. Case I. N., who was on a high carbohydrate 
diet. Blood sugar and qualitative urine sugar and acetone determinations 
were made daily in most instances. After the insulin dosage had been in- 
creased to' 36 to 75 units daily and maintained at this level for several days, 
the insulin injections were suddenly discontinued. Blood sugar and urine 
sugar determinations were made after each meal until two-liour postabsorptive 
blood sugar level had returned to normal (pre-insulin level), and the glycosuria 
had disappeared. Glucose tolerance tests were observed in two cases at the 
time of discontinuation of insulin, and in one other case both during the course 
of insulinization and at intervals after its interruption. When tolerance tests 
were performed during a period of insulinization, insulin and breakfast were 
omitted on the morning of the test, the patient was given 50 gm. of glucose 
by mouth, and then the regular dosage of insulin was resumed with the noon 
meal. 

SUMMARY OP RESULTS 


The detailed account of these experiments is given in the accompanying 
ease reports and tables. 

During the periods of insulinization when insulin was given in progres- 
sively increasing amounts to as high as 75 units daily, blood sugars two hours 
after breakfast were usually normal, sometimes somewhat elevated. There 
was a tendency, however, in some of the subjects for the afternoon blood sugar 
to be somewhat low ; in such cases a malted milk was allowed in the afternoon 
in addition to the usual diet. Hypoglycemic symptoms were rarely observed. 
Only one hypoglycemic shock was encountered, Case E. L., following vomiting 
of his supper; this, however, was promptly relieved by an intravenous injec- 
tion of glucose. 


After the first meal following discontinuation of the insulin injections 
a certain degree of hyperglycemia was uniformly observed, the blood su-^ar 
rising as high as 250 to 300 mg. in some instances. Four of the six patients 
showed some glycosuria. Readjustment to the pre-insulin blood sugar level 
was prompt in some cases requiring only one or two days ; in other°sub jects 
as long as three days or more were required before the hyperglycemia sub- 
sided and the glycosuria disappeared. Glucose tolerances in three cases were 
diminished at the time the insulin injections were interrupted One of tl 
Case II. J., showed a progressive diminution of glucose tolerance with incr eas’ 
ing amounts of msulni; at the time insulin was discontinued when the patient 
wm receiving insulin units 2o t. i. d. or 75 units dailv, the curve was of thl 
mildly diabetic type, reaching a maximum of 253 mg. at the end of lil 
The return of the tolerance test to normal in this patient , • , i hours, 

eight days it had not returned to the origimH level. ^ ^ 3fter 

In connection with a studv of the resuivd 

tie, its have been given insulin in doses van-iim from '>^ 0^ ° lU ’ ° ther pa ‘ 

• In - llom 33 to 81 units dailv All 
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ology. If we review the advances made in internal medicine through the past 
decades, we are impressed with the important role played by experimental 
physiology. 

Bernard’s discoveries have stood the test of time, the best evidence of the 
soundness of his method. 1 know of no more appropriate adornment for the 
walls of a research laboratory than some of the mottoes of this famous physi- 
ologist. 


A STUDY OF TIIE ROLE OF IXSULIX IX METABOLISM IN 
XOXI) I AB ET I C PA T 1 EXTS* 


I. Transitory Hyperglycemia axd Glycosuria Following Discontinuation 

of Insulin 


B. B. Clark, Ph.D., R. B. Ginsox, Pii.D., axd W. D. Paul, M.D., 

Iowa City. Iowa 


' I HIE administration of insulin to nondiabetic patients in an attempt to in- 
crease body weight dates back to shortly after the discovery of insulin 
by Banting and Best in 1922. Bitfield 1 in 1923 reported considerable success 
with its use in infantile inanition, and Falta 2 in 1925 reported uniform results 
in malnutrition in adults. Since then some 200. or more, reports have ap- 
peared; that of Metz 3 has been one of the most enthusiastic. Generally most 
of the cases reported have shown some gain in weight. However, in this large 
number of publications data aside from the essentially “clinical” are strikingly 
lacking, even blood sugars. The administration of insulin to nondiabetic 
subjects has apparently been regarded as a physiologic procedure presumably 
not associated with any evidence of a disturbance of metabolism or “deleteri- 
ous effects.” 

This laboratory became interested in this subject upon observing a rise 
in the blood sugar following discontinuation of insulin given to an anorexia 
case, which suggested that a temporary hyperglycemia and even a glycosuria 
might be induced in this way in nondiabetic subjects. Data supporting this 
suggestion obtained from blood sugars and glucose tolerance tests in a number 
of patients during and following a period of insulinization have been presented 
in a preliminary report (Paul, Clark, and Gibson 1932). 4 These experiments 
are reported in this paper in detail. Independently Wilder, Smith, and Sandi- 
ford 3 observed a decrease in glucose tolerance in two obese patients in whom 
tlie.v were studying the effect of insulin upon the rate of weight loss. 

METHOD 

Usually after a period of hospitilization, during which blood sugars,® 50 
o-m. glucose tolerance tests, 7 and body weight were observed, insulin was 

•From the Laboratory of Pathological Chemistry, anil the Department of Internal 
Medicine, the State University of Iowa. 

Received for publication, December 15, 1931. 
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Table II 



13. 

L. Hospital No. 

G3821 


DATE 

BLOOD SUGAR 

INSULIN BEFORE 

MEALS 

BODY 

■WEIGHT 

REMARKS 


mg. per cent 

units 

pounds 


5/ 2/32 



115 


5/ 3 

100 




5/ 4 

133 (2 r.M.) 

5- 5- 5 



5/ 5 

44 (2 r.M.) 

5- 7- 7 



5/ G 


7- 7- 7 



5/ 7 


7- 7- 7 

117 


5/ 8 

173 

7- 7- 7 



5/ 9 

50 (2 r.M.) 

7- 7- 7 



5/10 

30 (2 r.M.) 

7- 7- 7 

1174 


5/11 

100 

7- 7- 7 



5/12 

189 

7-10-10 



5/13 

112 

10-10-10 



5/14 

118 

10-10-10 

118 


5/15 

102 

10-10-10 



5/16 


10-10-10 



5/17 


10-10-12 

120 


5/18 


12-12-12 



5/19 

78 (2 r.M.) 

12-12-12 



5/20 


12-12-12 



5/21 

120 

12-12-12 

1214 


5/22 

28 (8 r.M.)* 

12-15-15 



5/23 

179 

10-12-12 



5/24 

259 (2 p.M.) 

12- 0- 0 

1224 

Glycosuria 1.1% 


17 C (7 p.M.) 




5/25 

1G7 



Glycosuria trace 


145 (2 r.M.) 



Glycosuria trace 

5/2G 

159 



Glycosuria trace 


104 (2 p.M.) 




5/27 

147 





'Hypoglycemia, shock following vomiting of supper. Intravenous glucose was given 
Blood sugars were taken at 9 A.M., two hours after breakfast, unless otherwise indicated. 


30 or 50 mg. without definite symptoms of hypoglycemia. To obviate this possibility the 
patient was allowed a malted milk in the afternoon. On the evening of May 22, he’ had 
vomited his supper without reporting it to the nurse. At 8 r.M. he was found in hypoglycemic 
shock with a blood sugar of 2.8 mg. A few grains of glucose intravenously promptly relieved 
the symptoms. Insulin was discontinued on May 24 with the morning injection as the last 
The blood sugar two hours after breakfast was 170 mg., but after the noon meal without 
insulin, the blood sugar was 259 mg. with a glycosuria of 1.1 per cent. The blood so ear 
at 7 r.M. was 17G mg. with a trace of sugar in the urine. Blood sugars on the two follow- 
ing days were 1G7 mg. and 159 mg., respectively, with still a trace of sugar in the urine Bv 
the fourth day after discontinuing insulin, the morning blood sugar had dropped to 147 a J 
the urine gave no qualitative test for sugar The mtinni i , &• J u 

period of insulinization. g " ^ Seven P ounds ^ the 

I. N male, aged forty-nine years, was admitted to the hospital April 24 1932 A 
dingnosis of arteriosclerosis, duodenal ulcer, and 1 „ , , 1 A 

,,o„ e , P w rSS.TJ^."* *•** T, » >»■ 

hilt at the beginning of the experiment, May 4 was ion. 7 ' missi0n ' Tas 1-3 pounds, 

on May 4 with 5 units before nmals and ine^e!! L f tf” ’ "'as started 

dosage was later increased to 10, 1° and 15 units 1 t ° °" ing da - v to ‘ umts t. i- d. The 

Insulin was discontinued with the evenimr iniwinu , ' CrC noim:l1 or somewhat elevated. 

at 9 a.m. the following day was 233 mg " T ^ 24 ** tta Iast - The blood sugar 

179 mg. By .1,0 next day the Mood ° £ ^ ^ Ml1 at - 

* Cl had ‘o normal. The patient's 
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of these subjects showed some degree of hyperglycemia when t lio insulin was 
discontinued, and two showed a glycosuria. The glycosuria in one patient 
persisted for five days. 

A gain in weight lias been observed during the period of insulinization 
in all of the patients except two to whom we have given insulin; the gains 
amounting to from four to eighteen pounds during periods of two to six weeks. 
These patients were kept on a roughly constant diet, except for an afternoon 
lunch iu two cases; the increase in appetite was not marked. 

CASE REPORTS 

M. G., female, aged fifty-nine years, was admitted to the University Hospital Nov. 19, 
1931. Her entrance complaints were insomnia, anorexia, and loss of weight of one year’s 
duration. The physical examination and laboratory findings were normal. The patient’s 
weight on admission was 115 pounds. She was started on insulin November 29 with 5 units 
thirty minutes before meals; on December 5 the dosage was Increased to 10 units before 
breakfast, and 5 units before luncli and supper. It was observed that the insulin caused 
little decrease in the two-hour postabsorptive blood sugar level. Insulin was discontinued on 
December 9 with the evening injection. The blood sugar on the following morning was 


Table I 

M. G- Hospital No. F9SSI 


DATE 

BLOOD SUGAR 

INSULIN' BEFORE 
MEALS 

BODY "WEIGHT 


mg. per cent 

units 

pounds 

11/25/31 

170 



11/29 


0-5-5 

113 

11/30 


5-5-5 


12/ 1 


5-5*5 

119 

12/ 2 

1SG 

5-5-5 


12/ 3 

133* 

0-5-5 


12/ 4 

159 

5-5-5 


12/ 5 

11S 

10-5-5 

120 

12/ 0 

152 

30-5-5 


12/ 7 

189 

10-5-5 


12/ S 

9S 

10-5-5 

j on 

12/ 9 

124 

10-5-5 


12/10 

226 



12/11 

94 



12/12 

133 


122 

12/14 

124 




'Blood sugar taken at 2 p.m. AH other blood sugars are at 9 A..M. two hours following 
breakfast. 


22C mg. which was significantly higher than any value previously obtained. The blood sugars 
on subsequent mornings were only slightly elevated above normal. During the period of in- 
sulinization, the patient’s weight had increased to 122 pounds, a gain of nine pounds. 

E. L-, male, aged seventy years, was admitted to the hospital April 27, 1932. His en- 
trance complaint was gastric distress relieved by vomiting. He stated that the vomiting was 
usually induced by irritating bis pharynx. The positive physical findings were marked weight 
loss and tenderness over lumbar sacral spine. Laboratory findings were normal. On roent- 
genologic examination, the stomach and duodenum were normal, but osteoartliritic changes 
were found involving the lumbar sacral spine. The patient’s weight was 111 pounds on ad- 
mission and increased to 115 pounds during the first five days. Insulin was started on the 
seventh day, May 4, with 5 units before meals, increased to 7 units t. i. d. on May 5, 10 units 
on Mav 12, and 12 units on May 17. During this period morning blood sugars were normal, 
8ometimes""somewliat elevated; however, some of the afternoon blood sugars were as low as 
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Table V 

13. G. Hospital No. G2413 


DATE 


BLOOD SIT.AIt 


INSULIN BEK01IK 

meals 


BODY 

WEIGHT 


HEMABKS 


()/ 7/32 
(>/ !l 
(i/li) 
(i/ll 
(i/12 
0/13 
0/14 
0/1.1 
0/1G 
0/17 
0/18 
o/i n 
0/20 
0/21 
0/22 
0/23 
0/24 
0/25 
0/27 
6/28 
0/2!) 
0/30 


7/ 1 

7/ 2 
7/ 3 
7/ 4 
7/ .1 
7/ 7 


mg. 

pa* 

per coat 

, i 

units 

0- 5- 5 

112 

(2 P.M.) 

5- 5- 5 

118 

(2 P.M.) 

5- 5- G 

78 

(2 P.M.) 

G- G- 0 

85 

(2 r.M.) 

6- G- G 

133 

(2 P.M.) 

0- G- 8 

135 

(9 A.M.) 

S- 8-10 

114 

(2 P.M.) 

10-10-10 

99 

(9 A.M.) 

10-10-10 

11G 

(9 A.M.) 

10-10-12 

79 

(2 P.M.) 

12-12-15 

52 

(9 A.M.) 

15-15-15 

90 

(2 P.M.) 

15-15-15 

39 

(9 A.M.) 

15-15-15 

G5 

(9 A.M.) 

15-15-15 

162 

(9 A.M.) 

15-15-18 

GO 

(9 A.M.) 

18-18-18 

57 

(9 A.M.) 

18-18-18 

100 

(9 A.M.) 

18-18-18 

G9 

120 

295 

133' 

159 

138 

124 

179 

129 

(9 A.M.) 

(2 P.M.) 

( (7 P.M.) 

(7 P.M.) 

(9 A.M.) 

(9 A.M.) 

(9 A.M.) 

18-18- 0 


pounds 

10S 


* Fasting; tolerance 


112 


Glycosuria 0.13!) 

1 Fasting ; tolerance 


114 


•Glucose tolerance: 50 gm. glucose by mouth 
Hours 0 0.5 1 

»• mg. per cent 92 173 220 

-13. s. mg. per cent 133 200 182 


1.5 2 3 

208 170 

236 241 142 


Urine 

Negative 

1 hr. 0.54% 

2 hr. 0.22% 


weight had increased to 124 pounds at the time insulin was stopped. It is interesting to 
note that the insulin had no effect on the cardiac lesion and no strikingly favorable effect ™ 
ins gastric distress. cr 0 

E. II., female, aged twenty-two years, was admitted to the hospital June 2 1932 \ ,r 

agnosis of amebic dysentery and ulcerative colitis was made. The mf t . 
nourished ; l.er weight on admission was 101 pounds. Insulinization was started oTt P0 °™ 
with 5 units before meals, and subsequently increased a few units -,t *■ 1 Jui ' e 18 ’ 

of a few days, until the patient was receiving py units t. i. d. on July l m ^ mtervals 

the entire course were usually normal, sometimes somewhat lowe- "a °° d SUgars durin £ 
was done before and immediately after the period of insulinization * toIerance tcst 

insulin period was normal showing a maximum of iqp mu nt 7 I CUrVC ° f tlie I lre ~ 
112 mg. at the end of two hours. The glucose ‘ , ," J 10urs und returning to 

the insulin showed a maximum of 1 <12 nig. at the end nr’ " um< ’ <lla, ely after stopping 

at the end of two hours; the urine was negative f or ./’"'L', 0 '"’ b,,t 1,ad falle » to 82 mg. 
was prompt in this case, theie was evidence of . eU T, ’ :i <liustmcnt to normal 

E. CL. female, aged fortv-f,,,, - ' ' h " M ™ of tolerance. 
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end of two hours with no glycosuria, the curve obtained after insulinization showed con- 
siderably greater diminution of tolerance. By the second day after insulin was discontinued, 
the two-hour postabsorptive blood sugar level had returned to about its previous level. The 
patient’s weight had increased from 108 pounds on admission to 112 pounds on June 28, 
and further increased after insulin was discontinued to 114 pounds by July 7. The patient’s 
appetite was only slightly increased. 

H. J., female, aged thirty-four years, was admitted to the hospital June 2, 1932. A diag- 
nosis of pleurisy with effusion was made. She had lost weight and her appetite was poor. 
Insulin injections were started on June 4 with 5 units before meals, and the insulin was 
increased a few units at a time at intervals of several days to 25 units t. i. d. Blood sugar 
values were usually normal, but frequently higher. Insulin was discontinued on July 10 
with the last injection at the evening meal. A glucose tolerance before the insulin injec- 
tions were started was normal with a maximum of 159 mg. at 0.5 hour and 95 mg. at 
two hours. A second test was done on June 18 when the patient was receiving 10 units of 
insulin t. i. d.; the blood sugar reached a maximum of 231 mg. at one hour and was 100 mg. 
at the end of two hours. On July 11 when insulin was discontinued after the patient was 
receiving 25 units of insulin before each meal, the glucose tolerance curve was of the mild 
diabetic type reaching a maximum of 253 mg. at 1.5 hours, and was 204 mg. at two hours, 
and 17G mg. after 2.5 hours with a glycosuria of 0.8 per cent at one hour and 1.1 per cent 
at two hours. Another glucose tolerance curve five days after insulin had been discontinued 
showed a maximum of 208 mg. after one hour, but dropped to 99 mg. after two hours. The 
last tolerance done after eight days while showing a further improvement had not returned 
to the initial level; the maximum blood sugar was 173 mg. at one hour, and 109 mg. at the 
end of two hours. The patient’s weight had increased from 104 pounds on admission to 113 
pounds at the time insulin was discontinued; there was no subsequent gain in weight ob- 
served. Her appetite showed considerable improvement. 


DISCUSSION 


Tlie observations that insulin may be given in progressively increasing 
amounts without causing hypoglycemia, and that a temporary hyperglycemia 
and glycosuria associated with a diminution of glucose tolerance is observed 
upon the sudden discontinuation of the injections suggest a certain endoge- 
nous readjustment of the organism to maintain a normal blood sugar level 
The most obvious explanation is that there is a compensatory inhibition of 
the normal islet secretion during the course of insulinization, and a slow 
readjustment following discontinuation of the insulin until normal activity 
is attained. Such an interpretation is in accord with the evidence from this 
laboratory of a latent functional capability of the island cells in diabetes 
mellitus. 8 ’ 0 Similar observations indicating the suppression of the normal 
activity of a gland through the exogenous administration of its secretion have 
been reported with respect to the thyroid, parathyroid, and ovaries However 
a study of the respiratory quotients of insulinized nondiabetic patients has sim’ 
gested another possible explanation. During and following periods of insuliniza" 

r - ir ssrzir r bns: 

The apparent increases in appetite and hoTk- , 

greatest interest clinically. Host observers have rep 0 rt«l ' ^ vT- ° f the 

during as well as following a series of dailv insulin inmnf Subs J a " tlal inerea ses 

however, that in many instances the total calorie intake was^’ ^ “ \° b(? n ° ted ’ 

one intake was increased to as limb 
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2 p.xr. was 120 mg., but at 7 r.M. was 205 mg. with a glycosuria of 0.1-1 per cent. A glu- 
cose tolerance test the following morning gave a mild diabetic type of curve showing a 
maximum of 241 mg. at two hours and a glycosuria of 0.54 per cent at one hour and 0.22 
per cent at two hours. Although the curve obtained before insulin was started showed a 
somewhat diminished tolerance with a maximum of 220 mg. at one hour, and 170 mg. at the 


Table VI 

II. J. Hospital Xo. G4997 


DATE 

BLOOD SUGAR 

INSULIN BEFORE 
MEALS 

BODY 

WEIGHT 

REMARKS 


mg. per cent 

units 

pounds 


0/ 4/32 

87*, i 

0- 5- 5 

104$ 

‘Fasting; tolerance 

0/ 5 

79 

5- 5* 5 



0/ 0 

131 

5- 5- 5 



0/ 7 

105 

5- 7- 7 

100} 


6/ S 

SO 

7- 7- 7 



6/ 9 

109 

7- 7- 7 



0/10 

91 

7- 7* 7 



0/11 

124 

7- 8- 8 

1074 


0/12 

118 

S- 9- 9 



0/13 

105 

9- 9- 9 



0/14 

104 

9-10-10 



6/15 

85 

10-10-10 

1094 


6/16 

94 

10-10-10 



0/17 

108 

10-10-10 

1094 


0/18 

87*. : 

0-10-10 

110$ 

‘Fasting; tolerance 

6/19 

77 

10-10-12 

1091 


6/20 

109 

12-15-15 

110 


0/21 

85 

15-15-15 

110 


6/22 

159 

15-18-18 

110 


0/23 

58 

18-1S-1S 

1094 


6/24 

92 

18-19-19 

1104 


0/25 

152 

19-20-20 

1114 


0/26 

33 

20-20-20 



6/27 

94 

20-20-20 



6/28 

124 

20-20-20 

110} 


6/29 

105 

20-20-20 



6/30 

114 

20-20-20 



7/ 1 

138 

20-21-21 

112} 


7/ 2 

157 

21-22-22 



7/ 3 

155 

22-23-23 

1104 


7/ 4 

110 

23-23-23 



7/ 5 

73 

23-23-23 

1144 


7/ 6 

107 

23-23-23 



7/ 7 

159 

23-24-24 



7/ 8 

155 

24-25-25 



7/ 9 

90 

25-25-25 

113} 


7/10 

82 

25-25-25 



7/11 

S7\ a 



‘Fasting; tolerance 


140 (1 P.H.) 





147 (2 p.lt.) 




7/12 

122 


113 


7/13 

155 




7/15 

98 




7/16 

114*. i 
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7/18 

104 




7/19 

91*. = 



‘Fasting; tolerance 


•Glucose tolerance: 
Hours 

iB. S. ms. per cent 
=B. S. mg', per cent 
»B. S. mg. Per cent 

<B. S. mg’, per cent 
5B. S. mg. per cent 


50 gm. glucose by mouth 

0 0.5 1 1.5 

o 

2.5 

Urine 

87 

159 

126 

124 

95 


Negative 

87 

182 

231 

179 

100 

176 

Negative 

87 

208 

231 

253 

204 

1 hr. 0.8% 

2 hr. 1.1% 

114 

204 

208 

189 

99 


Negative 

91 

186 

173 

147 

109 


Negative 

ily taken 

at 9 

A. xi., two hours 

after hrea'afast. 



STUDIES ON INDOLURIA* 


J. C. Forbes, M.A., Ph.D., and R. 0. Neale, Richmond, Ya. 


T HE present investigation was begun in an attempt to determine whether 
there is any evidence of impairment in the processes of detoxification in the 
body in chronic arthritis. At the beginning of the investigation, we made 
quantitative estimations of the amount of indican excreted by patients with 
chronic arthritis, routine hospital eases excluding arthritic patients, and nor- 
mal subjects. The amount of indican excreted by 43 normal subjects, as de- 
termined by the Sharlit 1 method, averaged 78 mg. per day. Usually determina- 
tions were made on twenty-four-hour specimens for three consecutive days. 
There was considerable variation in the amount found in different persons, the 
indican ranging from 30 to 165 mg. per day. The average for 157 hospital cases 
with various pathologic conditions other than chronic arthritis was 67 mg. per 
day, the amounts ranging from 5 to 260 mg. In the cases of arthritis there was a 
tendency for a low indican output, the average for 96 cases of arthritis being 
44 mg. per day, the amounts ranging from 7 to 358 mg. Although the average 
indican output seems to be lower in chronic arthritis than in other pathologic 
conditions, no definite relationship was found to exist between it and the clinical 
condition of the patient. Hypertrophic cases were more consistently low than 
rheumatoid cases. The high figures were all found in the latter condition. 

Owing to the inconsistency of our results with indican determinations, we 
turned our attention to the examination of urine for indole, believing that if 
there were impairment in the processes of liver detoxification, indole might ap-' 
pear as such in the urine. As the results show, indole or a precursor of indole 
which is converted into indole in an acid solution was found in the urine of most 
cases of chronic arthritis. 


The presence of indole in the urine distillate of normal individuals was re- 
ported by Jaffe." However, the amount was very small since one or two liters 
of urine were necessary for each determination. Similarly, we have found that 
when urine is distilled directly to a very low volume, as done by Jaffe, indole 
sometimes appears in the distillates from normal urines. It has also been our 
experience that the addition of strong mineral acids to the urine before distilla- 
tion often leads to considerable indole formation. Although small amounts of 
indole, or of some substance which liberates indole on steam distillation from 
a solution made acid with an organic acid, are occasional^ found in normal 
nrine, they are not present in significant amounts. This is evident from the fact 
that out of over one hundred determinations on normal individuals we found 
nrmavy nulole m only one ease and then on only one occasion 
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as 4,000 calorics, so that il is to he questioned whether or not (lie increased 
caloric intake in itself would not have produced the same results. An increased 
gastric motility associated with an increased secretion of gastric juice follow- 
ing insulin injections 11, 13, " has been reported by a number of investigators; 
this may in part explain the increased appetite frequently reported, especially 
in cachectic states. It would seem advisable that for purposes of stimulating 
the appetite, the insulin should be given an hour or more before meals. 
■Whether exogenous insulin plays a definite role met abolically in producing 
an increase in body weight remains an open question. 

COXCI.USIOXS 

Insulin may be given in progressively increasing amounts to nondiabetic 
subjects without producing hypoglycemia. 

There is a progressive diminution of glucose tolerance accompanying the 
increase in the amount of insulin given. 

Upon suddenly discontinuing the course of insulinizatiou. there is a re- 
sulting transitory hyperglycemia and glycosuria lasting one to three days or 
even longer. 

The data indicate that t lie insulin given may cause a compensatory in- 
hibition of the normal islet secretion. 
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chloroform extract up to the 12.5 c.c. mark; The solution then turned a green- 
ish blue color. This was compared colorimetrically with a standard indole solu- 
tion treated in the same way as the final distillate. A stock solution of indole 
was made by dissolving 20 mg. of indole C.P. in 100 c.c. of water. This solution 
will keep for a week or more in the ice box. The dilute standard was pre- 
pared from this solution by diluting 5 c.c. to 100 e.c. in a volumetric flask. For 
the determination 5 c.c. of the dilute standard was placed in a tube, further 
diluted to 50 c.c., and the color reagents added. The recovery of indole is not 
totally quantitative owing to incomplete distillation of indole, but the results 
obtained by the above method should be comparable. Furthermore, we feel 
that the important factor is the presence of appreciable quantities, and not the 
absolute daily output, of indole in the urine. 

The results obtained from the various urines studied are given in Tables I 
and II. Values given as traces are less than 0.05 mg. per liter of urine. Very 
few of those cases giving a positive result showed as low as 0.3 mg. per liter. 
The majority of them were between 0.5 and 1.5 mg. per liter of urine. It is 
likely that traces of indole are not of clinical significance. 

In Table I is shown the occurrence of indoluria in a number of different 
diseases. In Table II are shown the urinary indole output in typical eases of 
several diseases and the variations that accompanied clinical improvement. 

Table I 

Urinary Inpole in Various Conditions 


NO. or CASES NEC. TRACE* 


TOSITIVE 


diagnosis 


50 

4 

8 

1 

3 

2 

n 

1.'! 

8 

0 

1 

20 

1 

12 

8 

11 

14 


3 

24 

13 

n 

34 


•A 

of Indole 


49 

4 

4 

0 

2 

0 

0 

0 

0 

0 

0 

1 
0 

4 
0 

5 

o 

O 

3 

O 

0 

o 

(I 


1 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

s 

0 

1 

0 

0 

0 

0 

0 

1 

0 


32 


o 


0 

0 

2 

1 

1 

2 

2 

11 

8 

2 

1 

18 

1 

0 

8 

5 

12 

2 

o 

3 

22 

10 

o 

0 


urine a ns considered to 
]«t liter of urine. 


contain only 


Normals 

Bronchopneumonia 

Lobar pneumonia 

Abscess of lung 

Beptic ulcer 

Alcoholic intoxication 

Acute yellow atrophy of the liver 

Congestive heart failure 

Pellagra 

Cirrhosis of the liver 
Exfoliating dermatitis 
Pulmonary tuberculosis 
Tuberculous peritonitis 
Upper respiratory infection 
Diabetes with gangrene 
Diabetes without gangrene 
Toxemia of pregnancy 
Rheumatic fever 
Gonococcal arthritis 
Infectious arthritis 
Rheumatoid arthritis 
Hypertrophic arthritis 
H>xc(l arthritis 


'a,,.- , .is acuie 

IVnldul i le0cem,n ’ Psychoneurosis, 
syphilis, pleurisy, typhoid fever car 

cinomn of the stomach, arsenical derma- 


trace of Indole 


if it showed less than 0.05 
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Bccber, 3 upon cxiiminnlion of tlio urine, found free indole in cases of severe 
liver insufficiency. Cantelli 4 found indole in 1 he urine of patienls villi de- 
structive pulmonary lesions, mainly tuberculosis. ITe attributes indoluria in 
such cases to putrefaction in the body. Schour and Roscngarten' also found 
that many cases of pulmonary tuberculosis gave a positive result lo the test for 
indole in the urine. In their cases, the amount of indole present was somewhat 
proportional to the activity of the infection. Those patients with a large amount 
of indole in the urine usually had an unfavorable later clinical course, while 
those patients showing a negative or slightly positive test for indole progressed 
favorably. 

Vaughan 0 tried to determine if the power of the liver to detoxify irnlolc 
could be used as a liver function test, lie based his work on the theory that if 
the liver were unable to detoxify indole because of intrinsic disease, free indole 
would appear in the urine. Therefore, he tested the urines of patients with 
various pathologic lesions of the liver, such as acute arsenical hepatitis, acute 
catarrhal jaundice, subacute yellow atrophy, obstructive jaundice, and jaundice 
of undetermined origin. lie also tested urines from patients with marked in- 
testinal stasis and putrefaction. In no case was he able to detect indole by the 
method employed, which was a modification of 1 he test with Ehrlich’s reagent. 
Bilirubin was precipitated from the urine with barium chloride, the solution 
filtered, and a petroleum ether extract of the filtrate treated with Ehrlich's 
reagent. The difference between Vaughan’s results and ours (given below) may 
be attributed to the difference in the. methods employed. 

Since the presence of indole or of an indole precursor in the urine in cases 
of arthritis can hardly be considered as arising from a focus of putrefaction in 
the body or from a demonstrable liver insufficiency, it was decided to investigate 
the possible occurrence of indole in various other pathologic conditions in an 
attempt to explain its presence in arthritis. As our results show, indole was 
found to be present in most cases of arthritis, toxemia of pregnancy, pellagra, 
rheumatic fever, tuberculosis, and in many cases of diabetes mcllitus. 

Experimental. — Method of Analysis: One hundred cubic centimeters of 
fresh urine, usually the morning specimen, were placed in a 600 c.c. distilling 
flask, 20 drops of bromphenol blue added, and a 40 per cent aqueous solution 
of tartaric acid run in until there was an excess of f> c.c. above the volume 
necessary to give a color change of the indicator. This usually required ap- 
proximately 6 c.c. of the tartaric acid solution. The solution was steam distilled 
until 200 c.c. of the distillate was collected. A small flame was kept under the 
distilling flask during the distillation to maintain a relatively constant volume 
of liquid in the flask. The distillate was transferred to another distilling flask, 
the solution made alkaline to phenolphthalcin, and redistilled over a free flame 
until 100 c.c. had distilled over. To 50 c.c. of this distillate, 1 c.c. of 2 per cent. 
KOH was added, followed by 1 c.c. of approximately 2 per cent sodium B- 
naphthoquinone-4-sulphonate, and the solution mixed. After standing for ten 
to fifteen minutes, the solution was extracted with 3 c.c. of chloroform. The pres- 
ence of indole is shown by a red color in the chloroform layer. The supernatant 
layer was syphoned off and alcohol containing 1 per cent KOH added to the 
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PATIENT 

DIAGNOSIS 

INDOLE 

DATE 

Miss Si. 

Pellagra. 

-- 

3/ 3/34 



2.0 

3/ 0/34 



Trace 

3/10/34 



0.1 

3/17/34 



0.2 

3/18/34 



Keg. 

3/31/34 

Mrs. De. 

Spondylitis 

0.5 

5/ 2/34 



0.3 

5/ 5/34 



Trace 

5/ 8/34 

Mr. IVlii. 

Congestive 

2.4 

7/ 8/34 


heart failure 





Trace 

7/11/34 



0.5 

7/16/34 



Keg. 

7/18/34 

Mrs. St. 

Toxemia of 

1.0 

7/10/34 


pregnancy 


7/11/34 



0.5 

7/19/34 



0.4 

7/21/34 



Trace 

7/23/34 



0.2 

7/27/34 



Keg. 

7/29/34 

I. T. 

Toxemia of 

Trace 

7/13/34 


pregnancy 





2.8 

7/15/34 



2.4 

7/17/34 



0.5 

7/18/34 



0.7 

7/18/34 



0.9 

7/19/34 



— 

7/30/34 



0.8 

11/ 7/34 




11/ 8/34 



Keg. 

11/10/34 



Keg. 

11/11/34 

F. S. 

Toxemia of 

• 

11/25/34 


pregnancy 

— 

11/20/34 



0.8 

11/27/34 



Ncg. 

11/29/34 



Trace 11/30/34 



Keg. 

12/ 1/34 



Keg. 

12/ 2/34 

Mrs. H. 

Toxemia of 

— 

7/29/34 


pregnancy 

1.1 

7/30/34 



3.0 

8/ 1/34 



0.4 

8/ 2/34 



1.2 

8/ 4/34 



■ i > 1 1 

8/ 5/34 



2.0 

8/ 0/34 



1.1 

8/ 8/34 


CO NDITION 

Treatment begun, advanced case 
Very sick 

Very rapid improvement, skin lesions cleav- 
ing 
Good 
Good 

Symptom-free, excellent condition 

Moderately severe case 
Some improvement 
Continued improvement 

In serious condition, much decompensation 
Given digitalis, with good response 
Very much better 
Continued good 
In good condition 

Serious condition 

Spontaneous delivery of normal child 

Improving Tapidly 

Improving rapidly 

Continued to improve 

Good 

Discharged in good condition 

Severe toxemia of pregnancy in fourth 
month 

Condition serious 

Unchanged 

Better 

Regaining strength 
Stronger 

Sent home to return for delivery 

Beturned in labor, very- sjck 

Delivered 

Very much better 

Bapidly regaining strength 

Patient very- ill 

Spontaneous delivery of normal child 
Uneventful and rapid recovery 
Discharged on December 6 


Spontaneous delivery' of normal child 
Slow but gradual recovery after delivery. 
Discharged in good condition on Aug- 
ust 9. b 


Discussion. — Indole may originate in Die body from two sources: from 
bacterial decomposition of tryptophane in the intestinal tract and from putre- 
factive foci. Indole is normally detoxified in the liver bv conversion into 
indoxyl and conjugation with monopotussium sulphate to form' indican Laroche 
and Desbordes- injected indole into the portal vein of dogs and determined at 
intervals the amounts of irnlole and of indoxyl present in the hepatic vein 
Blood taken from the hepatic vein immediately after the injection of indole 
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Table II 

Variations in Urinary Indole During Treatment 


PATIENT 

DIAGNOSIS 

INDOLE 

DATE 

Mrs. Hu. 

Acute lobar 

l.S 

4/1G/34 


pneumonia 

4.8 

4/10/34 



l.S 

4/21/34 



1.0 

4/25/34 



0.G 

5/ 1/34 

Air. Co. 

Lobar pneu- 

0,0 

4/18/34 


monia 

Peg. 

4/19/34 



Nog. 

4/20/34 

Mrs. Bo. 

Exfoliating 

3.2 

G/ 5/34 


dermatitis 

2.S 

G/ 7/34 



0.5) 

G/1G/34 



0.5 

G/22/34 



Hog. 

7/ 5/34 

Air. El. 

Hypertrophic 

0.7 

G/20/34 


arthritis 

0.9 

G/21/34 



0.5 

0/22/34 



— 

G/23/34 



Nog. 

0/2S/34 



0.3 

7/11/34 



Trace 

7/1 S/3 4 



Peg- 

7/31/34 



0.5 

S/ 7/34 

Mr. He. 

Bheumatoid 

1.0 

0/23/34 


arthritis 

0.7 

6/25/34 



1.0 

G/2G/34 




G/27/34 



0.8 

G/2S/34 



0.7 

0/30/34 



0.5 

7/ 5/34 

* 


0.1 

7/ G/34 



1.4 

7/ S/34 



0.G 

7/1S/34 



0.G 

7/21/34 



Trace 

7/27/34 



Peg. 

7/29/34 



Peg. 

S/24/34 




10/ 1/34 



1.2 

10/15/34 



1.1 

10/10/34 



o.s 

10/17/34 



0.3 

11/ 0/34 



Peg. 

12/ 0/34 

Mrs. Ar. 

Bheumatoid 

0.7 

6/ 7/34 


arthritis 

0.0 

6/ S/34 




0/ 9/34 



Peg. 

0/23/34 

Airs. Gr. 

Hypertrophic' 

0.7 

0/20/34 


arthritis 

0.0 

6/21/34 



0.5 

0/22/34 




6/23/34 



Peg. 

6/2S/34 



0.3 

7/11/34 



Trace 

7/1S/34 



Peg. 

7/31/34 



0.5 

8/ 7/34 


CONDITION 

Serious 

Unimproved 

Bettor, temperature down 
Temperature normal 
In good condition, disclinrged 

Temperature 10G°, serious 
Temperature normal, much improved 
Continued to improve 

Bash with swelling over entire body 
Slightly better 

Much better, skin clearing rapidly 
Continued improvement 
Skin lesions absent 

Suffering considerably 
Unchanged 
Unchanged 
“Arthritis diet” 

Improvement remarkable 
Beappearancc of pains following laxity in 
dieting 
Much better 

Some pain present following recent ex- 
posure to cold and damp 
Pains returned following temporary discon- 
tinuance of diet 

Pain very severe 

Unchanged 

Unchanged 

Pains more severe, placed on “arthritis 
diet” 

Peeling better 
Somewhat improved 
Some improvement 
Ho pain 

Beappcnrnnce of pain, cause unknown 

Pain only slight 

Pain slight 

In good condition 

Entirely free from pain 

Continued good 

Diet discontinued 

Pains returned, rather severe 

Unchanged 

Unchanged, returned to diet 
Much better, but some pain present 
In good condition, no pain 

Considerable pain 
Unchanged 
‘'Arthritis diet.” 

Pree from symptoms 

Suffering considerably 

Unchanged 

Unchanged 

Placed on “arthritis diet” 

Improvement remarkable 
Some reappearance of pain, following lax- 
ity of diet 

Some pain present following recent exposure 
to cold and damp 

Pain following temporary discontinuance of 
diet 
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origin, although the well-known toxic degeneration of liver cells in this con- 
dition is a more probable explanation. Another possible explanation for the 
indoluria of tuberculosis is that, due to the lowering of general resistance, the 
liver is unable to detoxify the indole absorbed from the intestinal tract so that 
some of it passes to the kidneys and appears in the urine. In diabetes with 
gangrene, the indoluria may be attributed to the putrefying and gangrenous 
area. 

The explanation of indoluria in cases of congestive heart failure, severe 
liver damage, and toxemia of pregnancy is clear. Since the liver is the seat of 
indole detoxification, any impairment of its function by congestion or damage 
to the organ itself would be expected to allow indole to pass through unchanged. 

The presence of indole in the urine in eases of arthritis, diabetes without 
gangrene, and pellagra is not so easily explained. It is not clear whether we 
arc dealing with a greatly increased formation of indole in the intestinal tract 
or with a decreased power of the liver to detoxify the indole normally formed 
and absorbed or with a combination of both. The possibility of indole formation 
in some focus outside of the intestinal tract can hardly he considered a factor 
in these diseases. We are as yet in no position to prove or to disprove either 
of these possibilities. 

It is of interest to note that when patients with chronic arthritis, pellagra, 
congestive heart failure, or toxemia of pregnancy have improved, there has been 
a reduction in the amount of indole exereted parallel, as a rule, with the clinical 
improvement. In several cases of toxemia of pregnancy, indoluria continued for 
several days after delivery even after the clinical symptoms of toxemia had 
apparently disappeared. We have, at present, no plausible explanation for this. 

The mechanism by which the indoluria is eliminated in pellagra and arthritis 
is still unknown, hut it is of interest to note that the ordinary pellagra diet, as 
well as the diet used in the treatment of the arthritic patients reported here is 
high in both sulphur and vitamin B 2 . We are tempted to believe that, especially 
in arthritis, tiie high sulphur content of the diet was a factor in bringing about 
improvement. A detailed clinical report of our results on the treatment of 
arthritis with this diet will be published later. 


SUMMARY 


Urine from normal subjects and from patients wilh various pathologic con- 
ditions was examined for indole. Indole was found in significant amounts in 
many cases of chronic arthritis, pellagra, diabetes mcllitus, tuberculosis toxemia 
of pregnancy, congestive heart failure, and lobar pneumonia, but not in the 
urine of normal subjects. A short discussion dealing with the mechanism of 
indoluria is given. 


Wc wist, to ...vtcul our thanks to KH Lilly act Company for a research grant which 
enahhnt B. C. X. to devote the major part of ids time to research work. 8 

The clinical diagnoses of the cases here reported were made hv the clinical stow „c « 
college hospitals. We take pleasure ia acknowledging their cooperation in this matter as we‘n 
as for their many helpful safest ions during the investigation. ' 
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gave a positive test for indole but not. for indoxyl. Ten minutes later indoxyl 
began to replace indole, large quantities of indoxyl being found in the hepatic 
vein even up to forty minutes after the injection of indole. Similar experiments 
were performed on excised liver, kidney, and lung tissues after perfusing them 
with Ringer’s solution. The liver only was found capable of oxidizing the 
indole to indoxyl. 

Sulphur is a major factor in the detoxification of indole. The conjugation of 
indoxyl with the sulphate radical forming the ethereal sulphate, indican, most 
likely takes place in the liver. I-fele, s working with dogs, found that the ethereal 
sulphate was increased in the urine after administration of indole. He believes 
that the sulphur used by the body for detoxification is probably derived from 
the sulphate ions in the cell fluids, and that, as this is depleted, the sulphate 
ions are replaced by those formed from the oxidation products of metabolism. 
In the dog, this resulting sulphur deficiency can be replenished by the oral 
administration of sulphate, but in the pig, orally administered sulphates have 
no detoxifying action . 5 ’ 10 

It is still unsettled whether sulphates as such are of value in the detoxifica- 
tion processes in man. Vocgtlin, Johnson and Dyer” have shown that cystine, 
cysteine, and glutathione all protect the albino rat from minimal lethal doses of 
cyanide, Agnoli 12 found that colloidal sulphur exerted a definite antitoxic effect 
against minimal lethal doses of diphtheria and botulinus toxins. Waelsch 18 
found that the narcosis produced by avert in could he avoided by the administra- 
tion of glutathione or several other sulphur compounds. These investigations 
tend to show that certain sulphur compounds arc important factors in the pro- 
tection of the body against toxic compounds and in the elimination of these com- 
pounds from the body. 

On examination of Tables I and II we find that indoluria may be present 
in patients suffering from the following pathologic conditions : lobar pneumonia, 
severe alcoholic intoxication, liver atrophy, congestive heart failure, pulmonary 
tuberculosis, diabetes mellitus with and without gangrene, pellagra, toxemia of 
pregnancy, and chronic arthritis. To explain the presence of indoluria in this 
list of diseases is not a simple matter. Several of these conditions are of ques- 
tionable origin, and the presence of urinary indole in them may be the result 
of similar etiologic factors, as yet unknown. Theoretically, indoluria might 
result from at least three conditions, first, absorption of indole from the in- 
testinal tract in such large amounts that the normal liver is unable to cope 
with it all; second, such impairment of the liver function that it is incapable 
of detoxifying even that amount which is absorbed normally from the intestinal 
tract; and third, indole arising from some area of the body other than the in- 
testinal tract, and being excreted by the kidney without having passed through 
the liver. 

Indole in the urine of tuberculous patients, as reported by Cantclli 4 and 
Schour and Rosengarten 5 and confirmed by us, may be due to a definite focus of 
putrefaction in the lung, as suggested by Schour and Rosengarten. Indole 
found in the urine of severe cases of lobar pneumonia might have a similar 
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laboratory service may fail to administer antitoxin or may release cases still 
harboring virulent C. diphtheriae to spread infection to others. Healthy car- 
riers of virulent organisms may also not he recognized and continue to spread 
infection. Examinations in which diphtheroids are mistaken for C. diphtheritic 
may result in unnecessary quarantine with economic loss or loss of school at- 
tendance. A satisfactory settlement of this problem has been prevented in 
large measure because of reliance on such elusive and indefinite grounds as 
morphology. Nearly every experienced bacteriologist has his own rather definite 
opinion as to what is or is not C. diphtheriae , morphologically. Resort, there- 
fore, to cheeking one person's observations against another’s, while helpful, has 
too often been indecisive, for opinion is not fact. Testing the toxicity of a 
culture for guinea pigs has also its limitations in determining- if a disputed or- 
ganism is or is not 0 . diphtheriae, for nonvirulent strains are well recognized. 

Fermentation reactions seem to offer a most practical means of differen- 
tiating 0 . diphtheriae from morphologically similar organisms. 

PURPOSE OP STUDY 

One purpose, therefore, of this study was to determine if possible the de- 
pendability of fermentation reactions in distinguishing C. diphtheriae from sim- 
ilar morphologic forms. In the study of fermentation tests, an attempt was 
made to determine if such reactions were constant ; to try to explain discrepan- 
cies that were obtained by some investigators ; to find out if fermentation reac- 
tions correlated with virulence tests; to distinguish between fermentation reac- 
tions of C. diphtheriae and diphtheroids; and to find out if sugar fermentations 
correlated with colonial and other distinctive characters of C. diphtheriae types. 

Another phase of this study is concerned with the recognition of different 
varieties of C. diphtheriae. 


CHARACTER AND SOURCE OP MATERIAL 

All cultures used in this study were isolated from Loffler slant cultures 
inoculated from throat and nose swabs as routinely examined in the Bacterio- 
logical Laboratories of the Maryland State Department of Health. Since nose 
cultures were not routinely made for diagnosis in these laboratories until the 
past year, the majority of cultures studied have been from the throat. These 
cultures were secured from clinical cases of diphtheria, convalescents, contacts 
and healthy carriers. •’ ' ’ 


SOURCE OP CULTURES STUDIED 


Table I 
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A STUDY OP CORYNEBACTERIUAI DIPHTHERIAS AND 
RELATED ORGANISMS IN MARYLAND*' 


Ona R. Whttlev, ALS., Baeti.more, AId. 


INTRODUCTION 


‘ | ’HERE is considerable disagreement among bacteriologists as to the tax- 
* onomy of the species C. diphfhcriac. Any attempt to classify this species 
solely on the basis of morphology is obviously impractical. No one can describe 
or picture the numerous variations that C. diphfhcriac exhibits when grown on 
media of only slightly varying composition and in association with other or- 
ganisms. 'While the oi-ganisms can, in many instances, he readily recognized 
solely by their morphology and staining characters on certain media, there are 
instances in the examination of Loftier slant cultures from the throat or the 
nose where it is impossible for the most skillful observer to be sure whether 
certain bacteria are C. diphfhcriac, diphtheroids or neither. There can be no 
doubt that a certain percentage of cultures examined routinely in bacterio- 
logic laboratories have been reported negative when C. diphfhcriac has been 
present or reported positive when only diphtheriods were actually found. The 
question is how can one distinguish between C. diphfhcriac- and diphtheroids? 
Failure to diagnose C. diphfhcriac may he serious, for a physician depending on 
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trols. With the majority of strains of Cl. diphtheriae. definite though not always 
complete reactions were observed in twenty-four hours. Maximum reactions 
were reached within from forty-eight to seventy-two hours. The amount of 
acid produced by some strains from dextrin was considerably less than that 
formed from dextrose. 

That C. diphtheriae ferments dextrose and fails to affect sucrose is recog- 
nized by most investigators. However, L. Martin (1898), Graham-Smith 
(1908), Moshage and Kolmer (1916), Cary (1917), Durand (1921), Fitzgerald 
and Doyle (1923), claim to have isolated C. cliphtheriae strains which fer- 
mented sucrose. On the other hand, A. Knapp (1904), Zinsser (1907), Rotlie 
(1907), Arkwright (1908), Morse (1912), Neisser and Gins (1913), Iline (1913), 
Guthrie, Gelien and Moss (1920), Jordan, Smith and Kingsbury (1922), Bar- 
rett (1923), Engering (1923), Christianson (1923), OKell and Baxter (1924), 
have failed to observe sucrose fermentation by C. diphtheriae. 

In the present study, constant fermentation reactions were produced by 
all strains of C. diphtheriae. Dextrose, dextrin, and maltose were fermented 
by all the one hundred and eleven strains. Starch and glycogen were fer- 
mented by seven strains in addition to the above-mentioned sugars. Sucrose 
teas not fermented by any of the C. diphtheriae strains. Dextrin was found 
to be weakly fermented by some strains. In some instances, it has been found 
to produce acid in twenty-four hours and then revert to an alkaline reaction. 
Both virulent and avirulent strains of C. diphtheriae fermented dextrin (see 
Table II). No difference was found in the fermentation reactions of virulent 
and avirulent strains of C. diphtheriae. 


CULTURAL CHARACTERISTICS OF VARIOUS TYPES OF C. DIPHTHERIAE 
AND THE DIPHTHEROIDS 

Colon y Morphology of Types of C. Diphtheriae and Diphtheroids on Tellu- 
rite Agar Plates . — Three types of C. diphtheriae colonies were observed on tellu- 
rite serum agar plates. These corresponded to the gravis, mitis and intermediate 
types described by Anderson, Ilappold, McLeod and Thomson (1931). 

Gravis colonics: Colonies corresponding to the gravis type appear after 
forty-eight to seventy-two hours of incubation at 37° C. as dull, grayish black 
(nonglistening). They measured from 3 to 3.5 mm. when well isolated. The 
colonies were irregular in outline and had a tendency toward flatness and 
spreading. Radial lines were usually noticeable after forty-eight hours incuba- 
tion and became more pronounced later. These features are responsible for the 
rough appearance of the gravis type of colony. Mitis colonies: Colonies corre- 
sponding to the mitis type were about the same size as the gravis but differed 
by being glistening black, round, and regular in outline amTbv bavin- convex 
smooth surfaces. Intermediate colonics: Colonies resembling the intermediate 
type were very small and dull gray with a raised blade dot center at twentv-four 
honrs. After forty-eight hours, the colonies became grayish black ron-h and 
flat with a finely serrated edge. The intermediate colony nsuall’v measures 
about 0.5 mm. m twenty-four hours and from 1.00 to 1 9 -j mm ; . ' 

eight hours. The colonies arc much smaller (about one-half the' diameter) 
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that they may escape detection. Pleomorphism is so characteristic of C. diph- 
ihcnac that the contaminant though present may lie taken for one of the individ- 
ual cells of C. diphtheritic in the stained smear. On a few occasions, an appar- 
ently typical colony of C. diphtheritic has keen found to contain a contaminating 
organism. The contaminants in such eases were staphylococcus, streptococcus or 
very rarely a diphtheroid. Hence, every culture studied has been carried 
through at least two subcultures before considering it pure. Insufficient care 
in purification and isolation has probably been responsible for some of the dis- 
agreements that different investigators have obtained in their studies on fermen- 
tation reactions. 

In the isolation of cultures, infusion broth was inoculated with a loopful 
of material from Loffier slant, containing the mixed culture and incubated at 
37° C. for eighteen to twenty-four hours. A potassium tellurite plate was then 
streaked with a small loopful taken from the surface of the broth in such a 
manner as to secure widely separated colonies. Loffier medium was not used for 
plating directly from mixed cultures, as it was found subject to liquefaction and 
spreading by certain contaminating organisms, and too. colonies of C. diph- 
theritic were not so easily distinguished as on the tellurite medium. Several char- 
acteristic colonies from the forty-eight- to seventy-two-hour tellurite plates were 
picked to Loffier slants in order to secure different types if these were present 
and to avoid, if possible, the chance of selecting avirulent strains. As final proof 
that cultures were pure, tellurite plates were streaked from each individual 
Loffier slant culture. Portions of the same colony on a tellurite agar plate were 
transferred respectively to another Loffier slant to make ready for inoculation 
into fermentation tubes and to an agar slant for reserve. The agar slant culture 
was an additional check on purity since contaminants, if present, could be 
more easily detected in the growth on an agar slant which is thin, than on a 
Loffier slant which gives a more profuse growth. 

FERMENTATION REACTIONS OF C. DIPHTIIERIAE 

The fermentation reactions of C. diphtheritic have been a controversial sub- 
ject since the publication of Iline’s statement in 1913 that he “had yet to find 
an organism of the diphtheria group giving acid with glucose and dextrin and 
not with saccharose which proves to be other than Ji. diphtheriae.” It was 
found in this study that filtered sugars gave constant reactions, whereas 
heated sugars were unreliable in many instances. The following filtered sugars 
were used for the reactions: dextrose, dextrin, maltose, sucrose, starch, and 
glycogen. The reactions in Hiss serum water were found so inconstant and 
hence unreliable, in the first part of this study, that its use was discontinued 
and extract broth was substituted. After substituting extract broth contain- 
ing 1 per cent of carbohydrate and indicator, no inconstant reactions resulted. 

Transfers from twenty-four-hour Loffier slants were made into tubes con- 
taining the individual carbohydrates and incubated at 37° C. Readings were 
taken on the first four days and again on the seventh and tenth days. In some 
instances, readings were noted on the fourteenth, twenty-first, and twenty-eighth 
davs Uninoculated tubes were always incubated along with the tests as con- 
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On various bat dies of Loffler medium prepared under apparently tbe same 
conditions, however, variations in morphology of the same cultures have been 
enormous. In some instances, the change in morphology from batch to batch 
of medium has been so great as to make the identification of the cultures 
doubtful if not impossible if fermentations and other reactions had not been 
made. These variations have been found due to the method of preparation of 
the medium, the amount of moisture, the pH of the medium, the length of the 
incubation period, the portion of the slant from which it was taken, influence 
of other bacteria present and other possible factors. Some strains were found 
to have quite long forms on one batch of medium, other strains were of me- 
dium length, while some were very short. On some batches of Loffler medium, 
the very short forms would have been indistinguishable from diplococci if 
there had not been present a few pleomorphic forms. The long, medium, and 
short forms differed to some extent in their capacity to retain the methylene 
blue stain. Mitis strains took the stain rather deeply and uniformly with 
prominent metachromatic granules while other strains (gravis and intermedi- 
ate) took the stain comparatively lightly and the metachromatic granules 
were relatively few or absent. Many variations of C. dipMlieriae, such as 
dumb-bell, club, etc., may be seen in cultures at times. Usually the most typical 
morphology (pleomorphism) is obtained on Loffler medium which supports 
only scanty growth. While typical morphology is desirable for identification 
it is obvious that a medium supporting only scanty growth of C. diphtheriae 
is not entirely satisfactory for often good growth of other mouth or nose bac- 
teria occurs so that it is almost certain in such instances that C. diphtheriae 
will be overgrown. Some pleomorphism must, therefore, be sacrificed in 
order to obtain reasonably satisfactory growth. With cultures of diphtheroids 
one form usually predominates. Barely is this true of C. diphtheriae, for some 
variations in form and length are seen in any culture. It was not possible to 
group the strains according to Wesbrooke's classification. 

Morphology of C. Diphtheriae on Infusion Agar .— On infusion agar the 
morphology of C. diphtheriae cultures in general varied somewhat from that on 
Loffler medium in that the organisms were shorter, heavier, showed fewer meta- 
chromatic granules, and often showed a greater tendency toward pleomorphism. 
The gravis and intermediate strains in contrast to the mitis showed a morphol- 
ogy that was strikingly different in that they were much shorter, produced few 
or no metachromatic granules, staining was more uniform and a lighter blue In 
other words, the gravis and intermediate morphology more closely resembled 
that of a diphtheroid (C. xerosis) than it did the mitis type of G diphtheriae 
with its metachromatic granules, pleomorphism, and light and dark staininn 
areas. ° 


Morphology of C. Diphtheriae on Potassium Tellurite Agar— The momlml 
ogy of C. diphtheriae on tellurite agar was similar to that on infusion Lar 
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than the other two types. They resemble those produced by streptococci. No 
variation was noticed in the colony morphology of any of the three types sub- 
cultured frequently over a period of seven months. 

Colonies of diphtheroids showed much variation on tellurite scrum agar, 
also. The majority of strains produced a small, dead white colony in twenty- 
four hours, which in forty-eight hours increased in size, became gray, smooth 
and moist. Other strains produced thin, transparent colonies of a light gray- 
ish brown coloring which in forty-eight hours became somewhat larger and 
duller in color. A few strains produced small flat, colorless colonies in twenty- 
four hours which, in forty-eight hours, became dry and brownish blade in color. 

Colony Morphology of C. Diphth critic and Diphtheroids on Loftier Medium. 
— The general morphology of the three types of C. diphiheriae was similar on 
Loffler medium but was less characteristic than on tellurite serum agar as no 
color changes occurred. 

The diphtheroid colonies like C. diphthcriac colonies were not so easily dif- 
ferentiated on Loftier medium as on the tellurite medium except when pigmented. 

Cellular Morphology of C. Diphiheriae and Diphtheroids on L office Medium. 
— In this study, smears stained with methylene blue were made from cultures 
of C. diphiheriae grown on Loftier slants which had been incubated for eighteen 
to twenty-four hours. The cellular morphology of a single strain varied with 
the different batches of Loftier medium. It was found that the morphology- 
varied all the way from “typical” C. diphthcriac to that of forms unrecogniz- 
able as C. diphiheriae. My experience has convinced me that a great deal of 
error has resulted in laboratories doing routine diphtheria work due to depend- 
ence for identification on cellular morphology of cultures grown on Loftier 
medium, the reasons for which will be pointed out later. The emphasis of 
textbook writers, teachers, and practical workers alike has been so much on 
cellular morphology that most laboratory workers have accepted an opinion 
based on cellular morphology and staining as beyond question. By checking 
identification of this sort against that based on fermentations, virulence, etc., 
errors of over 65 per cent have been encountered. There is great need for 
appreciation of the fact that the routine identification of G. diphthcriac is a 
difficult matter. It calls for painstaking study based not only on cellular 
morphology but also supplemented by study of cultural reactions. Gravis type: 
the gravis type did not produce the predominant, club-shaped (so-called typical 
C. diphthcriac) forms usually characteristic of the mitis type. This type usually 
took the methylene blue stain less heavily than the mitis tj-pe, and as a result 
the general impression was that of a lighter blue. Few or no metaehromatic 
granules were produced by the gravis type. Mitis type : On the other hand, 
many metaehromatic granules were usually found in the mitis type. As a rule, 
the mitis strains gave the “typical” C. diphiheriae morphology in that there was 
much pleomorphism, many metaehromatic granules, characteristic arrangement, 
and much variation in length. Intermediate type: The morphology of the inter- 
mediate type was similar to that of the gravis type. 

It is a well-known fact that the morphology of many strains of eoryne- 
bacteria varies with the age of growth and the medium on which it is grown. 
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usual significance. As has been stated above, diphtheroids in pure culture can 
be differentiated from C. diphtheriac on morphologic grounds in the majority 
of instances as there are sufficient pleomorphism, characteristic airangcment and 
staining properties in C. diphtheriae to distinguish it from the uniformity , 
parallelism, and comparative evenness of staining of diphtheroids. On the other- 
hand, in mixed cultures C. diphtheriac and diphtheroids seem to be more sub- 
ject to variations in morphology than is seen in pure culture, and the personal 
element enters largely into the diagnosis of such cultures. It is in such eases as 
these where doubt exists as to the identity of certain forms that isolation of pure 
. culture should be made and the fermentation reactions determined. 

Virulence of C. Diphtheriac and Diphtheroids . — In reviewing the literature 
on the subject of virulence, it is apparent that there are many difficulties to be 
encountered before a definite opinion can be made as to the pathogenicity of a 
member of the corynebaeterium group. Some investigators state that C. diph- 
theriae can 'be recognized by staining characteristics and morphology ; others 
use sugar fermentations as a means of differentiation ; but all agree that the final 
criterion of virulence is animal inoculation. Some investigators have considered 
all organisms resembling C. diphtheriae isolated from cases of diphtheria as of 
etiologic significance. It is possible that a culture may contain avirulent as well 
as virulent organisms, or it may contain only the avirulent organisms. In order 
to avoid the danger of selecting an avirulent strain of C. diphtheriac, several 
colonies were picked from the plate first inoculated. 


Virulence was tested intrademally by injecting from 0.10 c.c. to 0.15 c.c. 
of a suspension of a twenty-four-hour growth from a Loftier slant in 5 c.c. of 
normal saline solution. Guinea pigs weighing between 300 gm. and 450 gm. 
were used for the tests. The control guinea pig received from 250 to 500 units 
of diphtheria antitoxin twenty-four hours previous to the time control and test 
guinea pigs were inoculated with the cultures. Four to six strains of the mitis 


type of C. diphtheriae were usually used on a guinea pig. The gravis and 
intermediate strains were tested singly. The range of virulence seemed to be 
greater in the mitis strains while the gravis were more uniform. Some mitis 


strains gave just as marked reactions on guinea pigs as the gravis and inter- 
mediate types, but they did not appear so toxic. Typical reactions with the 
mitis strains occurred when reddish halos with edema appeared around the 
point of injection and gradually faded into the natural color of the skin for 
about half an inch from the centers of injection. These color reactions ap- 
peared in twenty-four hours and reached their height hi fortv-eight to seventy 
two hours, while controls showed no reaction. Autopsy findings for -ravis 
strains revealed primarily congested and very hemorrhagic supravenals with con- 
sidevablc serous fluid m the pleural and pericardial cavities. Guinea nws inoou 
hited wilh the intermediate strains showed the same reactions as for the -ravis 
strains. 


Wi,l, regard to the virulence of the three types for „„ inM pi ,, s , ho ^ 
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showed little or no pellicle, a moderately granular .sediment, and a uniform 
turbidity in twenty-four hours. The intermediate type likewise sliowed little 
or no visible pellicle, bad a clear supernatant broth, and had a finely granular 
sediment. After forty-eight hours’ incubation, these observations were de- 
cidedly pronounced. The presence or absence of a pellicle can best be ob- 
served by holding the tubes up to the light and viewing them from below, 
diagonally. 

Growth of C. Diphtheritic and Diphtheroids on Infusion A par Slants. — In- 
fusion agar was used as another medium on which to study the growth of the 
different strains of G. diplithcriac. A dull (nonglistening) heavy, rough growth 
was produced by the gravis type in contrast to the glistening, moderate, smooth 
growth of the mitis form. A sparse, nonglistening, rough growth similar to 
the growth of a streptococcus was formed by the intermediate type. 

Though the growth of diphtheroids is usually indistinguishable from that 
of C. diplithcriac on infusion agar, at times the character of growth of certain 
diphtheroids has been very helpful in distinguishing them from C. diphihcriac. 
A thick growth whether moist, wrinkled, pigmented, or sticky is very unlikely to 
be a culture of C. diphihcriac. 

Hemolysis of C. Diplithcriac Cultures. — Hemolysis of cultures of C. diph- 
thcriac was determined by plates made with sheep blood. Very slight hemolysis 
was manifested by the gravis strains in twenty-four hours as contrasted with the 
mitis which produced a clear zone. However, on further incubation definite 
hemolysis was produced by the gravis type. This is in contrast to the findings 
of Anderson, McLeod, Ilappold, and Thomson (1931). There was no evi- 
dence of hemolysis in the small number of intermediate strains studied. This 
lack of hemolysis has been suggested by Ohristison (1933) as a means of dif- 
ferentiation of the intermediate type. Hemolysis was produced by all of the 
mitis strains tested. 

Fermentation Bcactions of C. diplithcriac and Diphtheroids. — All fermen- 
tation reactions of the gravis, intermediate, and mitis types remained constant. 
With the gravis strains there was always strong acid production in dextrin,' 
starch, and glycogen in twenty-four hours at 37° C. This appears to be a very 
constant and stable character and always correlated, in the strains studied, with 
the rough colony structure. The intermediate strains (few in number) gave 
the same sugar reactions as the mitis types in that they fermented dextrose, 
dextrin, and maltose. Sucrose was never fermented by any of the C. diph- 
thcriac strains. 

There is apparently no correlation between the cellular morphology of 
diphtheroids and certain fermentation reactions. The differential sugars that 
are of value are maltose, sucrose, and to a slight extent dextrose, which merely 
separates the nonfermenting group. Of the 50 diphtheroid strains, 8 fer- 
mented dextrose, maltose, and sucrose; 3 fermented dextrose and maltose; 3 
fermented dextrose and sucrose; 13 fermented dextrose only; and 23 were non- 
fermenters (see Table III). 

Dextrin was not fermented by any strains of diphtheroids so that the 
value of dextrin in differentiating the diphtheroids and C. diphtheriae has un- 
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mixed culture platings as well as in pure ' culture. In no instance was tlieie 
a mixture of types on tlie plates from which the pure cultures were fished. 


SUMMARY 


1. In this study of C. diphtheriae and related organisms, forms similar to 
those described by Anderson, Happold, McLeod and Thomson (1931) have been 
found in Maryland. While only a few gravis (7) and intermediate (3) strains 
were isolated, the cultural reactions were as follows: 

a. C. diphtheriae gravis grows with a granular deposit and pellicle in broth ; 
ferments dextrose, dextrin, maltose, starch, and glycogen; forms large luster- 
less and flattened colony with radial lines; produces hemolysis. 

b. C. diphtheriae mitis produces uniform turbidity in broth ; ferments dex- 
trose, dextrin, and maltose, and it fails to ferment starch and glycogen ; forms 
entire, smooth, convex, glistening colony; produces hemolysis. 

c. C. diphtheriae intermediate produces a fine granular sediment but lit- 
tle or no visible pellicle in broth ; the supernatant is clear ; ferments dextrose, 
dextrin, and maltose but does not ferment starch and glycogen; forms a small, 
rough, nonglistening, flat colony; produces no hemolysis. 

2. The (3) forms of C. diphtheriae have remained constant even though 
transferred at intervals during a period of seven months. 

3. Potassium tellurite plate medium was found of great value in differ- 
entiation of types. This medium was also found suitable for the growth of 
delicate as well as hardy forms of C. diphtheriae. 

4. There was no evidence of mixtures of types of C. diphtheriae when 
original (mixed) cultures were plated out on the tellurite medium. 

5. Fermentation reactions were constant for all C. diphtheriae strains. 
Dextrin was found to be weakly fermented by some mitis strains. 

6. Fermentation reactions did not offer any differentiation between viru- 
lent and avirulent strains of C. diphtheriae. 

7. Morphology does not distinguish between virulent and avirulent strains 
of C. diphtheriae. 

8. It is difficult, if not impossible, to distinguish between C. diphtheriae 
and some diphtheroids in mixed cultures on morphology alone. The distinction 
is much less difficult in pure cultures. 


9. Dextrin was found of value as a differential sugar for G. diphtheriae 
and diphtheroids. 

10. No constant relationship was found to exist between morphology 

fermentation reactions, and source of diphtheroids. ’ 

11. None of the diphtheroids tested showed any virulence. 

12. Diphtheroids can frequently be distinguished from C diphtheriae in 
mixed cultures on Lofiler slants. Where doubt exists, the identitv ca n n r v 
“Wn ? established after pwl , on „ tellurite serum pht ; b 

and cellular ntorpholo,-,- Hard,- is ,t uceetsar,- i„ oc „ latc br J otl 0 

or make virulence tests to identify cultures correctly tunes 
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much more toxigenic or invasive, since all test guinea pigs died in forty-eight to 
seventy-two hours. The intermediate strains produced somewhat smaller 
amounts of edema, erythema, and necrosis on guinea pigs than the gravis 
strains, and they were not as toxic, as the guinea pigs did not die within 
seventy-two hours. In no case did any of the guinea pigs which were used as 
controls (i.e., injected with cultures and Park S antitoxin) die. Hence, it 
would appear that the antitoxin protects to the same extent for all types of 
C. diphthcriac. Parish, Whatley, O’Brien (1932) and Povitzky, Eisner and 
Jackson (1933) found the same results in testing the effectiveness of stand- 
ard diphtheria antitoxin. 

Tagi.f. II 


Cultures or C. Difutheiuae 




DEX- 

DEX- 

MAI,- 

su- 

glyco- vip.u- 

NO. 

AGAR SLANT 

THOSE 

THIN 

TOSE 

CHOSE 

STARCH . GEN LENCE 

102 (Mitis) 

Smooth, moderate 

A 

A 

A 

— 

03+ 

white growth 





9- 

7 (Gravis) 

Hough, heavy white 

A 

A 

A 

- 

A A + 


growth 






2 (Intermedi- 

Rough, fine, white 

A 

A 

A 

- 

_ __ 4- 

ate) 

growth 








Taiilf. Ill 





Cultures of Diphtheroids 



NO. 

dextrose dextrin 

MALTOSE 

sucrose 

STARCH 

GLYCOGEN VIRULENCE 

23 

_ - 

— 

_ 


— 

_ — 

13 

+ ~ 

- 

- 


- 

- 

3 

•f *“ 

+ 

- 


- 

- - 

3 


- 

+ 


- 

- 

8 

+ 


+ 


“ 

- - 


That the morphology of C. diphthcriac has no known relation to virulence 
has been often demonstrated, and as has been stated above, cultural reactions 
also do not distinguish between virulent and a virulent C. diphthcriac. Hence it 
seems that virulence, so far, can only be determined by animal inoculation. In 
testing virulence of C. diphtlieriac cultures, the intracutaneous method was 
found to be as reliable as the subcutaneous method. In the intradermal tests 
made, there were nine avirulent mitis strains. One of these was from a diag- 
nostic case and the others were from healthy carriers. 

Intracutaneous tests were made on all diphtheroid cultures. These tests 
were carried out in the same manner as for C. diphthcriac cultures. There was 
no indication of virulence in any of the cultures tested in this way. 

Correlation of C. Diphthcriac Types with Clinical Symptoms. — Even though 
a comparatively small number of strains of gravis and intermediate types have 
been found in this study, there appears to be some correlation of morphologic 
colony types and clinical symptoms. All gravis and intermediate strains were 
isolated from fatal, very severe cases, or family contacts. These cultures 
showed very definite and characteristic rough, radial colonial morphology in 
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Study of a Single Human Blood Containing Autoagglutinin, 
Heteroaggi.utixixs, and Hemolysins, and a Rouleau- 
Forming Substance 


William P. Belk, M.D., Philadelphia, Pa. 


H UMAN blood agglutinins (other than the familiar isoagglutinins) have 
been the subject of a number of interesting studies. 1 ' 11 These include 
the heteroagglutinins (and hemolysins),- subgroups of the isoagglutinins; 
the normal cold agglutinin of Landsteiuer ; the pathologic cold agglutinin, 
or panagglutinin, or autoagglutinin; and the rouleau-forming substance (or 
property). The distinguishing characteristics of the several substances are 
not entirely agreed upon. In particular a difference of opinion exists as to 
whether the pathologic cold agglutinin and the rouleau-forming substance 
are the same. Landsteiner’s normal cold agglutinins and the pathologic cold 
agglutinins do not clearly differ except that the latter are often of high titer, and 
the former have some of the characteristics of the subgroup isoagglutinins. The 
presence of four of these substances in a single human blood offers an unusual 
opportunity to compare their characteristics. The subgroup isoagglutinins, how- 
ever, are not here considered. 

The subject was a white male of twenty years, otherwise healthy, who suf- 
fered a typical attack of infectious mononucleosis of seventeen days’ duration. 
Recovery was uneventful. lie had no history of allergy. His blood was Type 
II. Three samples of blood were obtained during the first month of convalescence 
for the present study. As the reactions were practically the same in all three 
they arc reported as one study. The heterophilc sheep antibody titration accord- 
ing to the method of Paul and Bunnell 12 at the height of the illness was 1 -32 
for complete hemolysis and 1 -.256 for tbc agglutination. 


Technic . — The subject’s venous blood was allowed to clot at 37° C., and the 
serum removed before more than slight chilling could occur. This precaution 
was necessary to preserve the autoagglutinin in full strength in the serum as 
this agglutinin adheres to the cells when chilled. The horse and sheep cells were 
from defilmnated blood and were several days old; the other cells were received 
at once into a 1.5 per cent solution of sodium citrate in normal saline. All cells 
were washed twice in warm (37° 0.) saline and were used in a suspension of 
1 per cent. Sterile precautions were used in preparing and keeping the ma 
tennis, and all tests were done on the day of collection of the blood, or the dav 
following. ' 
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Noth: Further study of ('■ diphtheritic strains is being made, which will be reported 

later. 
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HETEROAGGLUTININS AND HETEROHEMOLYSINS 

Protocol 3 .— The following titrations were done with Solution A from un- 
heated serum, no complement added. Dilutions 1:4 to 1:256 were made (see 

Table II). 

Table II 


Hetero agglutinins and Heterohemolysins 


Sheep celts: 

Complete hemolysis 
Partial hemolysis 
Agglutination 

Horse cells: 

Complete hemolysis 
Partial hemolysis 
Agglutination 

Hobbit cells: 

Complete hemolysis 
Partial hemolysis 
Agglutination 

Pig cells: 

Complete hemolysis 
Partial hemolysis 
Agglutination 


1 hr. 37 ° c. 1 hr . 10 ° o . 1 na - S7 ° c - 


TITER 

TITER 

TITER 

1:16 

1:32 

1:32 

1:32 

1:64 

1:64 

1:64 

1:256 

1:256 

1:16 

1:16 

1:16 

1:32 

1:128 

1:128 

1 : 256 + 

1 : 256 + 

1 : 256 + 

1:8 

1:8 

1:8 

1:16 

1:16 

1:16 

1:256 

1 : 256 + 

1 : 256 + 

1:16 

1:16 

1:16 

1:64 

1:64 

1:128 


1:256 

1:256 


The same set-up was carried successively through the different temperatures. 
Saline controls of all cells were negative for agglutination and hemolysis. 

Agglutinations were repeated with sheep and pig cells in Solution A from 
heated serum. The titer for both was 1 :128, one tube lower. This was not con- 
sidered a significant difference. 

Protocol 4. — Absorption: One cubic centimeter portions of Solution A from 
heated serum were absorbed with about 0.5 c.c. amounts of cell mush from sheep, 
guinea pig, horse, and rabbit at 37° C. for one hour with several shakings. After 
centrifuging the supernatant, scrums were pipetted. Each of the four serums 
was titrated with fresh cells of all four species, making 16 titrations in all, the 
dilutions being from 1 A to 1 :64. Guinea pig complement, 0.5 c.c. of 1 :30 dilu- 
tion, was added to each tube (see Table III). 

The same set-ups were carried successively through the different tempera- 
tures. Saline controls of all cells were negative for hemolysis and agglutination. 
Titers are those for partial hemolysis, as complete hemolysis did not occur in 
every series. 

The sheep cell agglutinins were not completely absorbed. The titers are a 
little lower than in unhealed serum. This, however, was not considered a 
significant difference due to heating (see note Protocol 3). It is possible that 
less complement was added here than was contained in the original serum. 

With heated serum collected on another day the same absorptions were 
carried out and the agglutinations allowed to proceed on slides. The specific 
absorption of the agglutinins was clearly demonstrated. When lecithin was 
added to each of the mixtures, no change was noted in the results. 
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Titrations were done by the usual method of progressively doubling the 
dilutions of the scrum and adding an equal amount of the cell suspension (0.5 
c.c.). Agglutination was determined by placing a drop of the well-mixed sus- 
pensions under the microscope. The titers read one to two tubes higher than 
when read with the naked eye. The slide method of observing agglutination, 
the reversal of agglutination and the appearance of rouleaus, consisted of mak- 
ing light suspensions of cells in serum (about 1 per cent) on clean microslides 
ringed with a wax pencil. Slides placed in the 37° C. incubator were within a 
moist chamber to prevent drying. These and the slides in the refrigerator were 
taken out for observation one at a time so that the results could not be affected 
by a change in temperature to that of the room. Observations were made with 
the microscope, although the agglutinations were easily visible to the naked 
eye. 

Lecithin has been shown by Lattes 13 to prevent rouleau formation. It was 
used here as a rather heavy suspension of a pure product in normal saline. 

The serum and cells of the subject are designated as R. serum and R cells. 
Type IV is that of the Moss classification. 

ISOAGGLUTININ 

Protocol 1 . — Two 5 c.c. portions of R serum, one heated to 56° C. for thirty 
minutes, and one unheated, were absorbed with 1 c.c. of R cell mush (packed 
cells) at 5° C. for one hour. The mixtures were shaken several times. They 
were centrifuged in tubes surrounded by crushed ice and the serum pipetted 
off quickly. These are designated Solutions A. They failed to agglutinate R 
cells and Type IV cells after thirty minutes at 5° C., although moderate rouleau 
formation was noted. Removal of the autoagglutinin was considered complete 
(see Table I). 

Table I 

Titers With Trim III Cells 



37° c. 1 IIR. 

10° 0. 1 IIR. 

37° o. 1 nR. 

Sol. A heated 

1:16 

1 :12S 

1:128 

Sol. A unlieated 

1:32 

1:64 

1:04 


The same set-up was carried successively through the different temperatures. 
Saline controls were negative. 

Protocol 2. — Lecithin, R. serum agglutinated Type III cells almost com- 
pletely after thirty minutes at 37° C. on the slide. The addition of lecithin 
later had no effect in releasing the clumps. The agglutination was likewise un- 
affected when the lecithin was mixed with the serum and cells before incubation. 
The observations were repeated with the same results at a temperature of 10° C. 
It was observed, however, that when lecithin had been added, the clumps of 
cells were rounder, cleaner cut, and less ragged. 

Conclusions . — The isoagglutination is of high titer. It is not apparently 
affected by a temperature of 56° C. for thirty minutes. It is apparently slightly 
stronger at low temperatures. It is not reversible. It is not affected by lecithin! 
This blood contains no autoliemolysin. 
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Conclusions . — Four differently absorbable and specific heteroagglutinins and 
heterohemolysins were demonstrated. The agglutinins were not affected by a 
temperature of 56° C. for thirty minutes. The titers of both agglutinins and 
hemolysins ■were increased slightly with lowering of the temperature. There was 
no clear evidence of reversal of the agglutination reaction. The titer of the 
hemolysins was not increased by warming after chilling. The lieteroagglutina- 
tions were not affected by the addition of lecithin. The titers of the hemolysins 
were possibly within the normal human range. 

AUTOHEM AGGLUTINATION 

Protocol- 5 . — The following agglutinations were done on all of the three 
samples of R’s blood, a Type II blood. The serum was unheated and unab- 
sorbed. The results were identical in each instance (see Table IV). 

Table IV 

Test fop. A utohexc agglutination 


MIXTURE 

27-33° c. 
AGGLUTIXATIOX 

5-10° c. 
AGGLUTINATION 

R serum -r Ti cells 

0' 

44 

IT serum + IV cells 

0 

0 

It serum + IV cells 

0“ 

+4 

IV serum + R cells 

44 

+4t 

Saline + R cells 

0 

0 

Saline + IV cells 

0 

0 


•Slight rouleau formation, 
tlndicatlng isoagglutination. 


A portion of the serum heated to 56° C. for thirty minutes gave the same 
results with R cells and IV cells. In the chilled mixtures the agglutination re- 
versed after a few minutes at room temperature, leaving definite rouleaus in 
two of the specimens. In the other specimen the reversal was slight or absent 
This will be commented upon later. 

Protocol 6. —The effect of dilution on the auiohcmagglutinin; R serum 
diluted 1 :3 with saline agglutinated R cells + 1 and IV cells -f 2. The actual 
titer of this serum with R cells was 1 :4. 

Protocol 7.— Absorption of antohemagglutinin; Equal parts of R scrum 
and R cell mush were placed at 5° C. for two hours and shaken several times 
The mixture was centrifuged in a tube surrounded with crashed ice and the 
serum quickly pipetted. This is designated Solution A. The remaining cells 
were not washed. To them was added an amount of warm saline equal to that 
of the serum removed, and the tube placed at 37° C. for thirtv minutes The 
.mixture was shaken several times. It was then centrifuged in a water iacket at 
40° C. and the supernatant fluid pipetted. This is designated Solution B 

The following mixtures were made on slides and agglutination observed 
after thirty minutes at R° C. (see Table V). • 'ea 

The agglutination quickly reversed at 'room temperature (26° (J ) Thci . e 
was no evidence of rouleau formation. ' ' 

1, smm I, .-..Cl I.. ,6 C. fo,- 1 1iirly minute o.r, c.e. ,verc absorbed JZl 



inns 


T1IE JOl'RXAE or IjAHORATORY AND (TjINIOAE medicine 


Taih.i: III 

ErmTs or Aiisoiiithin 


Sheep Absorbed Serum : 
Sheep cells: 
Hemolysis 
Agglutination 

Pig cells: 

Hemolysis 

Agglutination 

Horse cells: 
Hemolysis 
Agglutination 

Rabbit cells: 
Hemolysis 
Agglutination 


Pi <7 Absorbed Scrum: 
Sheep cells: 
Hemolysis 
Agglutination 

Pig cells: 

Hemolysis 

Agglutination 

Horse cells: 
Hemolysis 
Agglutination 

Rabbit cells: 
Hemolysis 
Agglutination 


Horse Absorbed Serum: 
Sheep cells: 
Hemolysis 
Agglutination 

Pig cells: 

Hemolysis 

Agglutination 

Horse cells: 
Hemolysis 
Agglutination 

Rabbit cells: 
Hemolysis 
Agglutination 


liabbil Absorbed Serum : 
Sheep cells: 
Hemolysis 
Agglutination 

Pig cells: 

Hemolysis 

Agglutination 

Horse cells: 
Hemolysis 
Agglutination 

Rabbit cells: 
Hemolysis 
Agglutination 




1 lilt. 37° C. 

1 HR. 10° C. 

1 HR. 37° c. 



TITER 

TITER 

TITER 



0 

0 

0 



n 

1:32 

1:10 



0 

1 :S 

1 :S 



0 

1 :S 

0 



1 :1G 

1:32 

1 :32 



1 :G4 

I : 0-1 

3:04 



1:10 

1:10 

1:10 



1 :G4 

1 :G4 

1:04 




1:32 

1 :04 

3 :G4 



— 

1 * ,'j° 

1 :32 



0 

0 

0 



0 

0 

0 



1:32 

1:04 

1:04 



1:04 

1 :G4 

1:04 



1:10 

1:30 

3:10 



1:32 

1:04 

1:04 



1:32 

1:04 

1:04 



1:4 

3 :S 

1:8 



1:4 

0 

0 



fl 

0 

0 



0 

0 

0 



1:8 

1:10 

1:10 



1:04 

1:04 

1:04 



1:32 

1:04 

1:04 



— 

1:04 

3:04 



1:4 

1:4 

1:4 



— 

3 :G4 

3:04 



1 :32 

1:04 

1 :04 



1:04 

3:04 

3 :G4. 



0 

0 

0 



0 

0 

0 
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agglutinin was lost. This is mentioned to illustrate the great difficulty of work- 
ing with this extremely thermolabile substance and the ease noth which it may 
he overlooked in studies of serum. 

Protocol 10. — Rmdeau-f orming substance: Rouleaus were observed in 
several tests of Solution A and in the mixtures of R serum with R and IV cells. 
The rouleau formation was never more than +2. In all these instances the addi- 
tion of one or two 3 mm, platinum loopfuls of lecithin dispersed the rouleaus. 
This effect was clear-cut and complete, but did not occur until two or three 
minutes after the addition. The appearance of rouleaus was definitely more 
marked in chilled mixtures, and after such mixtures were warmed, and was 
usually absent in the same serum-cell combinations at room temperature and at 
37° C. It is commonly stated that rouleaus are easily broken up by stirring, but 
this was not the case in these studies. The rouleau-forming substatnee was not 
found to be absorbable in any instance. Lecithin changed the shape of the 
erythrocytes by making them smaller and perfectly round in outline as viewed in 
one dimension. 

COMMENT 


Some observers consider autoagglutination an exaggeration of the rouleau- 
forming property. In the present instance the evidence is clearly to the effect 
that they are different, and that autohemagglutination is the result of a true 
agglutinin. The rouleau-forming property was not absorbable and was inhibited 
by lecithin, while the opposite was true of the autoagglutinin. In my experience 
clumping of red cells by the rouleau-forming property cannot always be dis- 
tinguished from that of true agglutination by microscopic inspection, as advo- 
cated by Coca. 14 The action of lecithin appears to differentiate these two types 
of clumping quite clearly. 


There is considerable resistance to the idea that an individual can develop 
an agglutinin against his own cells, in spite of numerous reports of human auto- 
hemagglutination. This agglutinin, however, is not specific in the sense that the 


isoagglutinins are, nor is it even species specific, but has the power of agglutinat- 
ing the erythrocytes of many, possibly all, animals. An autoagglutinating prop- 
erty has been demonstrated in a large majority of the bloods of normal in- 
dividuals by Landsteincr 1 and by Kettle. 4 Under certain conditions a powerful 
autoagglutinin appeals, titers up to 1 :250 having been reported. 5 * c * 1 It seems 
reasonable to suppose that these pathologic cold agglutinins are really Land- 
stcincr’s normal cold agglutinins increased in titer. The clinical states most often 
associated with these high titers are hemolytic jaundice, hemolytic anemia some 
forms of cirrhosis of the liver, trypanosomiasis, repeated blood transfusions fin 
annuals) 3 * 3 * «• ir - ’• etc. In an experience of several hundred cross agglutinations 
designed to demonstrate autoagglutination I have found it frequently in patients 
requiring transfusions, and have seen sixteen posttransfusion reactions attrihu 
1,1,1c ,o other apparent enure Mont of (he* pntic„ ts were sufferau from some 
hemolytic congou, chtclly from mtcctions by hemolytic streptococci and 
staphylococci. Thus, in most of the diseases associated with auto.-L,,, 
the destruction of red Mood cells wtthip the body seems to ho a eornLt, a „ ' 
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Table Y 

Test for Absorption of Autohemagglutinin 



SOLUTION A AGGLUTINA- 
TION 

SOLUTION B AGGLUTINA- 
TION 


B cells 

0 

+4 


IV cells 

0 

44 



approximately equal amounts of cell mush of guinea pig, rabbit, sheep and 
horse and Type III human cells at 37° C. for one hour. Mixtures were shaken 
several times. Mixtures were centrifuged at room temperature and serums 
pipetted. Mixtures were made on slides of each serum and fresh cells of the 
type used in the absorption (see Table VI). 

Table VI 

The Effect of A utoiiem agglutinin ox Heterologous Cells 




MIXTURE 

37° c. 

AGGLUTINATION 

5° C. 

AGG LVTIXATJOX 

Pig 

absorbed 

serum 4 pig cells 

0 

43 

Babbit 

absorbed 

scrum + rabbit cells 

+2 

44 

Sheep 

absorbed 

scrum 4 sheep cells 

0 

44 

Horse 

absorbed 

serum + horse cells 

0 


Type III absorbed 

serum + Type III cells 

0 

44 


Saline controls of all cells were negative. The heteroagglutinin for rabbit 
cells was evidently not completely absorbed. The agglutination in all the other 
mixtures promptly reversed at room temperature (33° C.). 

Protocol 9. — The effect of lecithin on autohcmagghitination ■ is shown in 
Table VII. 

Table VII 

Effect of Lecithin on Autohe.magglutination 


MIXTURE 

agglutination 

B serum + B cells 4 a drop of lecithin 

43 

B serum + IV cells 4 a drop of lecithin 

43 

Saline 4 B. cells 4 a drop of lecithin 

0 

Saline 4 IV cells + a drop of lecithin 

0 

On slides at 10° C. for 30 minutes. 



Conclusions . — An autohemagglutinin was demonstrated for the subject’s 
own cells, for Type IV human cells, for cells of guinea pig, sheep, horse, and 
pi’obably of rabbit. The agglutinin was not effective at room temperature (2S° 
C.) but was strongly effective under 10° C. It was not altered by a temperature 
of 56° C. for thirty minutes. Its reaction was completely reversible with in- 
crease in temperature. It was absorbable. It was not affected by lecithin. It 
appeared not to be reversible in the presence of other agglutinating factors such 
as heteroagglutinin and the rouleau-forming substance. 

. Two attempts were made to isolate the autoagglutinin in pure solution by 
washing in ice cold saline the cells remaining from Solution A and centrifuging 
in cups packed with brine. In both instances the temperature of the mixtures 
rose to between 15° and 20° C. before the process could be completed, and the 
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T HE question of a possible relationship between influenza and epidemic 
encephalitis has been a mooted point since the pandemic of the former in 
191S and the appearance of the latter at approximately the same time. It was 
in that year that, von Eeonomo in Vienna and Netter, Hall and others, in 
adjacent countries, called attention to a group of cases which we have since 
come to know as epidemic encephalitis. In the wake of these diseases there 
began to appear a train of symptoms which have been designated as chronic 
encephalitis, the most common form of which is Parkinsonism. 

In view of the fact that many of the patients presenting the picture of 
Parkinsonism gave no history of an antecedent acute encephalitis but had had 
the “grip,” the “Spanish influenza,” the “flu,” or an upper respiratory infec- 
tion, some investigators suspected a causal relationship between influenza and 
epidemic encephalitis. Crooksliank, 1 one of the strongest advocates of such a 
relationship, was of the opinion that “The synthetic view, then, is that en- 
cephalitis lethargica represents a nervous form of influenza. ...” He brought 
forth numerous historical references to substantiate his opinion and referred 
to the work of Tarozzi who also held the same view. Volpino and Racehiusa 2 
advanced strong experimental evidence in support of such a relationship. 
Jaksch-'W artenhorsch 3 reported seventy- three cases of clu-onic encephalitis which 
he designated as postinfluenzal encephalopathy. FelsanP and Reichelt 5 did 
likewise in their series of eases. Zibordi,® in three children suffering from epi- 
demic encephalitis, obtained a positive reaction to intradermal injections of 
influenza vaccine and to no other. Crafts, 7 too, leans strongly toward a rela- 
tionship between the two diseases. 


However, such investigators as Stern , 8 von Eeonomo, 0 Flexner, 10 Jordan 11 
SfriimpcII 12 and others are of the opinion that epidemic encephalitis is an en 
tirely distinct clinical entity with no direct relationship to influenza In its 
survey of epidemic encephalitis the first report 72 of the Matheson Commission 
concluded. “It is apparent that the weight of opinion is either a-ainst the 
identity of influenza and epidemic encephalitis, or a direct relationshfp between 
the two diseases. ' 7 


.liany nnll.o.s, consider favorably (ho possibility „£ 80mc in . 

diroet^rehittonship. Hall- expressed himself as being of this opinion; jejJ". 

Chronic mot the D.-nn'rtn'.'m of Sanitarium for 

104 .'; 
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This suggests that some product of the cell destruction acts as a stimulus 
(antigen) to the formation of the autohemagglutinin (panhemagglutinin). 

The development of heterophile antibodies is usually attributed to the intro- 
duction into the animal body of the Fovssman antigen. This idea is not con- 
troverted by the fact that the source of the antigen is not known (as in this case) 
since the antigen resides in many known, and probably in many unknown sub- 
stances. Xot all the facts of the present study, however, can be explained quite 
in this manner. To do so one would have to postulate the introduction of a 
Forssman type of antigen for horse, rabbit, and guinea pig erythrocytes as well 
as for those of the sheep, that is, an antigen with four different receptors, or else 
four different antigens simultaneously. The multiple production of heterophile 
antibodies from a single stimulus has been reported elsewhere. Deicher (quoted 
by Davidsolm 15 ) found agglutinins for sheep, horse, rabbit, guinea pig, pig. ami 
ox red cells in 90 of 102 human beings injected with horse (a few with sheep) 
serum. These agglutinins were specifically absorbable. J-Iangunutziu 16 found 
agglutinins for a series of animal red blood cells in about equal liter in 12 
human beings injected with horse serum. These animals included sheep, horse, 
guinea pig, rabbit, veal, and pig. The suggestion that the heterophile sheep 
antibodies arc Forssman stimulated, the others nonspecifically stimulated, hardly 
seems reasonable. A more plausible explanation, perhaps, is that, of a powerful 
nonspecific stimulus to a general production of antibodies, the variety of these 
antibodies corresponding in a given ease to such antigens as the cells have 
previously been '‘sensitized” to, or have the ability 1o produce naturally. Mino 
(quoted by Debcncdetti) accounts for the appearance of panagglutinins on the 
basis of general stimulation. Kolmar 50 points to the fact of nonspecific stimula- 
tion of bacterial antibodies subsequent to an original specific stimulation, and 
suggests that the heterophile antigen may increase the production of natural 
sheep hemolysin nonspecifically. Bacterial agglutinins have been produced in 
rabbits by injection of heterophile antigen.” Thus Die findings in the present 
study strongly suggest the existence of an unknown agent which stimulated the 
body nonspecifically to an excessive and apparently purposeless outpouring of 
antibodies. If this is found to be typical of all eases of infectious mononucleosis, 
then the disease is characterized, not so much by the presence of heterophile 
sheep antibodies, as by the appearance of many antibodies of various sorts. 

CONCLUSIONS 

A single human blood (from a convalescent case of infectious mononucleosis) 
was shown to contain, in addition to a high titer isoagglutinin, an autoagglutinin, 
four specific heteroagglutinins, four specific hctcrohcmolysins, and a rouleau- 
forming property. 

The characteristics of the several substances were demonstrated. 

Some practical application of the findings to the problems of transfusion of 
blood have been discussed. 

The study suggests the probability of the purposeless and excessive produc- 
tion of a number of antibodies simultaneously under certain conditions of non- 
specific stimulation. 
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legs, the posture became more erect, the face more mobile and the speech less 
monotonous. No febrile reactions were noted. Stewart concluded that 78 per 
cent of her patients with chronic encephalitis showed definite decrease in rigidity. 
The tremors either were not affected or were often increased. 

The results obtained by Stewart and Evans seemed to indicate a definite 
relationship between the Pfeiffer bacillus and epidemic encephalitis and, as such, 
are of great importance especially as we assume that this bacillus is the cause of 
influenza. We accordingly felt that their results warranted further investiga- 
tion. 


We have under our supervision approximately 100 patients Avith chronic 
encephalitis. Seventy of these are Avard patients Avho have been observed from 
one to fh r e years and Avhose activities are regulated. These patients are in a 
hospital for chronic diseases, a fact Avhich predicates that they could not be 
eared for at home or could not adequately care for themselves. Some have been 
bedridden for many years. Most of them, hoAvever, are up and about Avith vary- 
ing degrees of incapacitation. In the course of their residence in the hospital 
all have received at one time or another the tincture of stramonium in the dosage 
recommended by Jacobson and Epplen, 20 dature stramonium gr. iv t. i. d. or 
more often, hyoscine hydrobromide gr. 1/100 several times daily, atropine sul- 
phate solution 0.5 per cent by mouth or by injection. Some of the patients have 
derived varying degrees of benefit from all or some of these drugs at one time or 
another. Because of the length of time they have been under our care and the 
control avc have had over their medication, avg have been able to establish a 
level for their physical state beyond Avhich they did not seem able to go. Twenty- 
seven patients Avere seen in the Neurological Out-Patient Department of the 
Jewish Hospital. Most of them have been coming to the clinic for over three 
years at fairly regular intervals of tAvo to three Avceks. They, too, have received 
the various medications, except that none had been given any injections. 

Nasopharyngeal cultures Avere made of all the patients. The medium used 
for cultivation Avas “chocolate agar” made by adding human red blood cells to 
heated nutrient agar of pH 7.4. The plates Avere incubated for twenty-four to 
forty-eight hours at 37° C. and the resulting groAvth examined Avith a hand lens 
for suspicious colonics. Subcultures of suspicious colonies Avere made on choco- 
late agar tubes and again on plain agar tubes. Organisms Avhich shoAved the 
morphology of 71. influenzae and Avhich failed to grow on plain agar after two 
or three subcultures Avere considered to be of the B. influenzae group. Approxi- 
mately three-fourths of the cultures were taken during the months from Sentcm- 
ber, 1032, to January, 1033. 1 


Of the 27 ambulatory cases from the out-patient clinic 31 or 40 7 per ecu 
showed the presence of the influenza bacillus in the nasopharynx A eontro 
group of 17 patients attending the same clinic for other neurologic condition 
showed 5 or 20.4 per cent harboring the influenza bacillus In the hosnital 71 
patients were studied. Only 13 or 38.5 per cent showed the presence of B in 
flucnzac in the nasopharynx Of 83 control cases from the same wards 10 or 32 < 
per cent were pos.tn-a Taken as a whole, out of a total of 97 paiients wH 
chrome cnccphabt.s, 24 „r 24.7 per cent showed the presence of the influent 
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wrote, “Whether an attack of the first (influenza) acts to predispose to an at- 
tack of the second in the manner of the predisposing effects of influenza on 
bacterial affections of the respiratory tract, is another question awaiting close 
study. ’ ’ He asked further, “Could epidemic encephalitis he merely one mani- 
festation, albeit a severe one, of epidemic influenza ? That it is such a manifesta- 
tion merely has been repeatedly asserted. The relationship has been as assidu- 
ously denied as upheld.” ‘Wi'mmcr 15 evidently was of a similar opinion when he 
stated, “Should, now, the first attack be regarded as a true influenza, predis- 
posing the soil for the encephalitic disease, as it has already been suggested by 
von Economo? Or should this and following attacks be considered as febrile 
encephalitic relapses. . . . 1 Or could it possibly be a matter of reinfection?” 

Kramer 10 is of the opinion that influenza is one of the factors, many of 
which are unknown, which are responsible for the epidemic spread of the sporadic 
cases of encephalitis. Zinsser 17 concluded that a great deal of the evidence sup- 
ports the 'view that the coincidence of influenza and epidemic encephalitis may 
be causally related, one disease in some manner making the individual suscepti- 
ble to the other. 

One feels, therefore, that while the question of the possible relationship of 
epidemic encephalitis to influenza has been widely discussed and diametrically 
opposite opinions held by qualified investigators, one must agree with the con- 
clusions of the second report 18 of the Matlieson Commission that the question of 
the etiology of epidemic encephalitis is still unanswerable, and that the relation- 
ship of the two diseases requires more intensive study. 

In this regard the work of Stewart and Evans 10 is of great interest. In 
1930 these workers reported the results of their bacteriologic and clinical studies 
on patients -with chronic encephalitis. They felt that no serious attempts had 
been made to discover -whether there is a relationship between epidemic en- 
cephalitis and the Pfeiffer bacillus. To determine this, they studied 144 patients 
with Parkinsonism. These included patients who gave a history of an antecedent 
acute encephalitis or influenza. Nasopharyngeal cultures of these patients 
showed the presence of the Pfeiffer bacillus in 100 per cent of the cases. A con- 
trol series of 122 ward and out-patients showed the Pfeiffer bacillus to be present 
in only 45 per cent of the patients. On the basis of these striking results, ag- 
glutination tests were made with the same patients. These tests were positive 
■with the Hammett strain of the Pfeiffer bacillus in 100 per cent, the agglutina- 
tion titers ranging from 1 to 20 to 1 to 60. As a check, the serums of these 
patients were found to be agglutinated in only three instances by other organ- 
isms. Of the 122 control patients only three febrile eases showed agglutination 
until the Pfeiffer bacillus. 

Peeling that their work suggested a relationship between the Pfeiffer ba- 
cillus and epidemic encephalitis, the authors prepared a soluble antigen of the 
Hammett strain of the Pfeiffer bacillus. Sixty-two patients were injected intra- 
muscularly with 0.1 e.c. of a 1 to 10,000 dilution of the soluble antigen every five 
to seven days for four doses. The dosage was later increased to 0.2, 0.3, 0.4 e.c. 
for four doses. Improvement, according to the authors, consisted in the reduc- 
tion of rigidity. The patients felt less stiff, regained the use of the arms and 
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legs, the posture became more ercet, the face more mobile and the speech less 
monotonous. No febrile reactions were noted. Stewart concluded that 78 per 
cent of her patients with chronic encephalitis showed definite decrease in rigidity. 
The tremors either were not affected or were often increased. 

The results obtained by Stewart and Evans seemed to indicate a definite 
relationship between the Pfeiffer bacillus and epidemic encephalitis and, as such, 
are of great importance especially as we assume that this bacillus is the cause of 
influenza. We accordingly felt that their results warranted further investiga- 
tion. 


We have under our supervision approximately 100 patients with chronic 
encephalitis. Seventy of these are ward patients who have been observed from 
one to five years and whose activities are regulated. These patients are in a 
hospital for chronic diseases, a fact which predicates that they could not he 
cared for at home or could not adequately care for themselves. Some have been 
bedridden for many years. Most of them, however, are up and about -with vary- 
ing degrees of incapacitation. Iu the course of their residence in the hospital 
all have received at one time or another the tincture of stramonium in the dosage 
recommended by Jacobson and Epplen, 20 dature stramonium gr. iy t. i. d. or 
more often, hyoscine hydrobromide gr. 1/100 several times daily, atropine sul- 
phate solution 0.5 per cent by mouth or by injection. Some of the patients have 
derived varying degrees of benefit from all or some of these dnigs at one time or 
another. Because of the length of time they have been under our care and the 
control we have had over their medication, we have been able to establish a 
level for their physical state beyond which they did not seem able to go. Twenty- 
seven patients were seen in the Neurological Out-Patient Department of the 
Jewish Hospital. Most of them have been coming to the clinic for over three 
years at fairly regular intervals of. two to three weehs. They, too, have received 
the various medications, except that none had been given any injections. 

Nasopharyngeal cultures were made of all the patients. The medium used 
for cultivation was “chocolate agar” made by adding human red blood cells to 
heated nutrient agar of pH 7.4. The plates were incubated for twenty-four to 
forty-eight hours at 37° C. and the resulting growth examined with a hand lens 
for suspicious colonies. Subcultures of suspicious colonies were made on choco- 
late agar tubes and again on plain agar tubes. Organisms which showed the 
morphology of B. influenzae and which failed to grow on plain agar after two 
or three subcultures were considered to be of the B. influenzae group Approxi- 
mately three-fourths of the cultures were taken during the months from W™ 
her, 1932, to January, 1933. 1 


Of the 27 ambulatory cases from the out-patient clinic 11 or 40 7 per ecu 
showed the presence of the influenza bacillus in the nasopharynx A cont.ro 
group of 17 patients attending the same clinic for other neurologic condition 
showed 5 or 29.4 per cent harboring the influenza bacillus. In the hospital 7i 
patients were studied. Only 13 or 18.5 per cent showed the presence of B l 

fluenzaem the nasopharynx Of S3 control eases from the same wards 10 or 12 ' 
per cent were positive. Taken as a whnlo ± ’ 01 

chronic encephalitis, 24 or 24.7 per cent showed th** ° ° ° * patients 

1 ccm showod the presence of the influenzi 
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bacillus. Influenza was endemic in this vicinity during these months. Stewart 
and Evans, unfortunately, do not tell us what time of the year their cultures 
were taken. 

Treatment with t lie Hammett strain of the Pfeiffer bacillus in the form of 
the soluble antigen was begun in 1932. At first the dosage recommended by 
Stewart was employed. When it was found that very little or no improvement 
was obtained with this dosage, all patients received 0.5 c.e. of the antigen 
weekly. As far as we could ascertain, there were no local or generalized reac- 
tions following the injections. Urine, blood, and temperature examinations dur- 
ing the course of the injections revealed nothing of significance. No untoward 
effects were ever observed from the injection of 0.5 e.c. of the antigen. At the 
beginning of the treatment many of the patients had been removed entirely from 
the medication they had been receiving for the past several months. Following 
the withdrawal of the medication it was found necessary to put a certain num- 
ber back on their medication because of the development of difficulty in swallow- 
ing, marked weakness, rigidity, or for other symptoms common to this clinical^ 
syndrome. *: 

Just before the injections were begun a physical status of each patient was 
determined by one of us (J. L. A.). This was. compared with the condition of 
the patient at the completion of each series of four injections. Improvement was 
determined by questioning the patient and by noting his gait, his ability to get 
about and feed himself, the position of the body, the amount of rigidity in the 
arms, the intensity of the tremors, and the frequency of the oculogyric crises. 
The personal equation in evaluating the results was necessarily present, but since 
all examinations were done by the same individual, it was felt this would be 
minimized. 

Approximately 125 patients with chronic encephalitis received injections of 
the soluble antigen of the Hammett strain of the Pfeiffer bacillus. Treatment 
in most cases consisted of a series of weekly injections of 0.5 c.c. of the antigen. 
In some cases the lack of any improvement and the hardship suffered by the 
patient by the withdrawal of all other medication caused us to cease using this 
form of treatment after one or two months. The majority of the patients, how- 
ever, continued to receive the antigen for twelve 1o eighteen months. 

CONCLUSIONS 

It is often difficult to estimate the value of any method of treatment in the 
chronic stage of epidemic encephalitis. A change of medication is often likely to 
be attended by temporary improvement. In our series we found that those who 
were bedridden universally failed to receive any benefit from this or from any 
other form of treatment. A few of the patients, who were up and about and 
■who were being benefited by large doses of drugs (hyoscine hydrobromide gr. 
1/50 t. i. d.), maintained their physical level when they were receiving the in- 
jections by taking half the amount of the drug. It is difficult to explain this. 
At the end of treatment with the antigen over a period of eighteen months, we 
were unable to note any persistent improvement in any of the 125 patients, which 
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we could attribute to this form of treatment. Occasionally some of the patients 
thought they could walk with less rigidity, but they soon relapsed into Ihcii 
former state while continuing to receive the antigen. 

Our results are in marked contrast to those obtained by Stewart and hvans. 
These workers reported improvement in 78 per cent of the patients treated by 
the same method. The material used by them and by us was manufactured and 
supplied by the same company. 0 We feel that our patients have been treated 
for a sufficient period of time to permit us to judge the efficiency of this form 
of treatment. Moreover, an attempt to emulate the laboratory work of Stewart 
and Evans in every detail resulted in a much lower percentage of positive cul- 
tures. Possibly the time of year wlien the cultures were taken might account 
for some of the discrepancy. In the treatment of the patients it occurred to us 
that possibly those patients who gave a history of having had the “flu” or the 
grip might react differently to the antigen of the Pfeiffer bacillus than those who 
gave a history of an antecedent acute encephalitis. However, we were unable to 
demonstrate such a difference. One must, therefore, conclude that as far as our 
results go, there is no relationship between chronic encephalitis and the Pfeiffer 
bacillus. If one assumes that this bacillus is the etiologic agent of influenza, then 
we feel that no direct relationship exists between influenza and epidemic en- 
cephalitis. 
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bacillus. Influenza was endemic in this vicinity during these months. Stewart 
and Evans, unfortunately, do not tell us what time of the year their cultures 
were taken. 

Treatment with the Hammett strain of the Pfeiffer bacillus in the form of 
the soluble antigen was begun in 1932. At first the dosage recommended by 
Stewart was employed. When it was found that very little or no improvement 
was obtained with this dosage, all patients received 0.5 c.c. of the antigen 
weekly. As far as we could ascertain, there were no local or generalized reac- 
tions following the injections. Urine, blood, and temperature examinations dur- 
ing the course of the injections revealed nothing of significance. No untoward 
effects were ever observed from the injection of 0.5 e.e. of the antigen. At the 
beginning of the treatment many of the patients had been removed entirely from 
the medication they had been receiving for the past several months. Following 
the withdrawal of the medication it was found necessary to put a certain num- 
ber back on their medication because of the development of difficulty in swallow- 
ing. marked weakness, rigidity, or for other symptoms common to this clinical 
syndrome. 

Just before the injections were begun a physical status of each patient was 
determined by one of us (J. L. A.). This was. compared with the condition of 
the patient at the completion of each series of four injections. Improvement was 
determined by questioning the patient and by noting his gait, his ability to get 
about and feed himself, the position of the body, the amount of rigidity in the 
arms, the intensity of the tremors, and the frequency of the oculogyric crises. 
The personal equation in evaluating the results was necessarily present, but since 
all examinations were done by the same individual, it was felt this would be 
minimized. 

Approximately 125 patients with chronic encephalitis received injections of 
the soluble antigen of the Hammett strain of the Pfeiffer bacillus. Treatment 
in most eases consisted of a series of weekly injections of 0.5 c.c. of the antigen. 
In some cases the lack of any improvement and the hardship suffered bv the 
patient by the withdrawal of all other medication caused us to cease using this 
form of treatment after one or two months. The majority of the patients, how- 
ever, continued to receive the antigen for twelve to eighteen months. 

CONCLUSIONS 

It is often difficult to estimate the value of any method of treatment in the 
chronic stage of epidemic encephalitis. A change of medication is often likely to 
be attended by temporary improvement. In our series we found that those who 
were bedridden universally failed to receive any benefit from this or from any 
other form of treatment. A few of the patients, who were up and about and 
who were being benefited by large doses of drugs (hyoseine hydrobromide gr. 
1/50 t. i. d.), maintained their physical level when they were receiving the in- 
jections by taking half the amount of the drug. It is difficult to explain this. 
At the end of treatment with the antigen over a period of eighteen months, we 
were unable to note any persistent improvement in any of the 125 patients, which 
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avc could attribute to this form of treatment. Occasionally some of the patients 
thought they could walk with less rigidity, but they soon relapsed into their 
former state while continuing to receive the antigen. 

Our results are in marked contrast to those obtained by Stewart and Evans. 
These workers reported improvement in 7S per cent of the patients treated by 
the same method. The material used by them and by us was manufactured and 
supplied by the same company. 0 We feel that our patients have been treated 
for a sufficient period of time to permit us to judge the efficiency of this form 
of treatment. Moreover, an attempt to emulate the laboratory work of Stewart 
and Evans in every detail resulted in a much lower percentage of positive cul- 
tures. Possibly the time of year when the cultures were taken might account 
for some of the discrepancy. In the treatment of the patients it occurred to us 
that possibly those patients who gave a history of having had the “flu” or the 
grip might react differently to the antigen of the Pfeiffer bacillus than those who 
gave a history of an antecedent acute encephalitis. However, we were unable to 
demonstrate such a difference. One must, therefore, conclude that as far as our 
results go, there is no relationship between chronic encephalitis and the Pfeiffer 
bacillus. If one assumes that this bacillus is the etiologie agent of influenza, then 
we feel that no direct relationship exists between influenza and epidemic en- 
cephalitis. 
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COMMENTS ON ANALYSES OF BLOOD CHEMISTRY OF CIRCA FIVE 
HUNDRED PATIENTS WITH COMMON SKIN DISEASES* 


Herman Goodman, B.S., M.D., New York, N. Y. 


A BOUT 500 patients were studied on the Out-Patient. Service of Dr. Herman 
L Goodman at the Stuyvesant Square, formerly the New York Skin ami 
Cancer Hospital. Blood chemistry examinations were made of this group at the 
Research Laboratory of the Hospital. Charts were prepared graphically to 
present the findings, and our comments given here arc based on the study of 
these charts. 

SUGAR 

The average blood sugar for 467 patients was 96.5 mg. per 100 e.c. Vfe had 
162 patients with acne (of whom IS had seborrhea, 2 tinea, 1 eczema, and 1 
furuncle). The average blood sugar for the acne group was 93.2 mg. which is 
slightly under the general average. The high of this acne group was 127.4 and 
the low 69.9. A group of 46 patients diagnosed as seborrheic dermatitis gave ns 
an average of 94.4 mg. of sugar per 100 e.c. The high was 133.0 and the low was 
76.4. Urticaria was also slightly below the general average, being 93.4 mg. for 
a group of 17 patients. 

The highest average of sugar was among 23 patients with furunculosis. The 
high for this group was 218.2 and the low was Sl.G. Patients with pruritus, 23 
in number, gave an average of 102.4 mg. sugar. The high for this group was 
229.4 and the low was 81.6 mg. 

The other groups studied, dermatitis, eczema, erythema, pityriasis rosea, 
psoriasis and tinea, gave averages close to the general average of 96.5 mg. per 
100 c.c. 

We then relisted the cases, removing all patients with a blood sugar over 
120 mg. per 100 c.c. The general average for 454 patients with blood sugar less 
than 120 was 94.4. The 82 patients with eczema gave an average blood sugar of 
96.3 mg. per 100 c.c., which was well within the general average. Acne vulgaris 
(161 cases) gave an average of 93.0 mg. per 100 c.c. It has been recognized of 
late that this condition is not associated with the high blood sugar findings, once 
thought to be an accompaniment of the condition. Only one patient in this large 
group had a blood sugar over 120 mg. This patient had an associated seborrheic 
eczema with her acne and the blood sugar was 127.4 mg. 

One patient of the group with furunculosis had a blood sugar of 218.2 mg. 
The average for the remaining 10 patients was 94.3 mg., the high was 110.0 and 
the low 81.6 mg. This would indicate that one of 11 patients with furunculosis 
was diabetic. No patient of the 19 with psoriasis had a blood sugar over 120 

•Received for publication, November 12, 1934. 
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mg. Three patients with tinea had very high blood sugar, 230.8, 194.6 and 

187.4 mg., respectively. The average of the 39 tinea patients with less than 120 
mg. of sugar was 94.0. 

By and large then, the number of frank diabetics among patients seeking 
aid for skin conditions is probably no greater than in the general run of the 
same group, social, racial, etc., without skin affections. In all, seventeen pa- 
tients had a blood sugar greater than 120 mg. per 100 e.c. We have already 
mentioned the patient with acne and seborrheic eczema (127.4) ; the patient 
with furunculosis (218.2) ; the three patients with tinea (230.8, 194.4, 187.4) ; 
and now list the remaining patients as: one with pruritus (229.4), four patients 
with eczema (198.6, 120.4, 120.4), one each with the following: stomatitis 

(200.0) , tertiary syphilis (149.9), erythema (152.5), seborrheic dermatitis 

(133.0) , herpes (130.2), dermatitis (124.6), and ictliyosis (120.4). 


SODIUM CHLORIDE 


The sodium chloride content of the blood was estimated in 466 patients. 
The general average was 471.6 mg. per 100 e.c. The highest average was found 
among 23 patients with pruritus, and it was 479.0 with a high of 515.8 and a 
low of 421.0 mg. per 100 e.e. The lowest average for sodium chloride was among 
the 11 patients with furunculosis and here it was 467.4 with a high of 483.8 and 
a low of 446.0 mg. per 100 e.c. The 162 patients with aene gave an average of 

469.4 mg. per 100 e.c. The high for this acne group was 515.8 and the low was 
420.1 mg. per 100 e.c. 

The patients with eczema, 85 in number, gave an average blood sodium 
chloride of 472.4 mg. per 100 e.c. Nineteen psoriatics gave an average of 475.3 
mg. of salt per 100 e.c. Other groups, as dermatitis, pityriasis rosea, tinea and 
urticaria, gave findings close to the general average. 

By and for itself, the estimation of the salt and the analysis of the findings 
limited to the salt content gave us little practical information. On the other 
hand, a study of the report of the salt content of the blood with the accom- 
panying sugar findings gave' us some information. We grouped the blood chem- 
istry findings of 514 patients and arranged them so as to compare the salt and 
sugar estimations. The average sodium chloride content was 475.5 m g. per 100 
e.c. and the average blood sugar was 96.7 mg. per 100 e.c. 


SALT AND SUGAR IN THE BLOOD 

The exciting find we made was that as the blood chloride went up the ac 
companving blood sugar went down. For example: we had 17 natients Jo, 
blood chloride of loss than 450.0 mg. per 100 c e T)ic +, • , 

uas 441.S, the loo was 40S.5, and the average was 429 4 Tim 
for this group was 110.2 mg. per 100 c.c. SUgai aVeta § e 

We next took a group of 25 patients with an average blood ehwnm f 

446.5 mg. per 100 c.c. The high for this groun was in 1 1 ? 6 ° f 

M «a. averages vve„, „p, „,e OTgar mtlm ‘ 
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not exactly mathematical, but when we reached the average blood chloride of 
498.4- for a group of fifty patients with high 507.fi and low 495.0. wc found that 
the blood sugar was 92.9 mg. per 100 c.c. 

Now, we thought, if the blood sugar apparently goes down as the salt goes 
up, what will the figures show if taken from the findings of the sugar instead 
of the salt? So we rearranged our cases once more. And wc find that as the 
average blood sugar goes down, the average blood chloride goes up. For exam- 
ple, we had 17 patients with blood sugar over 120 mg. per 100 c.c. The blood 
chloride for this selected group was 455.1 mg. per 100 c.c. The next group of 
25 patients, with blood sugar between 110 and 120 mg. per 100 e e., had an ac- 
companying blood chloride of 475.0 mg. per 100 c.c. Again, we found that the 
sliding scale was not exactly mathematical, but if we jumped to a group of 50 
patients with an average blood sugar of 83.4 (high S5.5 and low S0.2), wc find 
that the blood chloride was 479.8 mg. per 100 c.c. 

We cheek back with our list of patients with high blood sugar and find 
that the patient with pruritus who had 229.4 mg. of sugar per 100 c.c. of blood 
had only 421.0 mg. of sodium chloride. The patient with furunculosis who had 
218.2 mg. of sugar per 100 e.e. of blood had 446.0 mg. of salt per 100 e.c. The 
patient with stomatitis with a blood sugar of 200 had 450 mg. of salt. A pa- 
tient with eczema who had 19S mg. of sugar had 450.1 of salt. One patient 
with tinea who had a blood sugar of 187.4 gave a blood chloride of 433.5. Of 
course, this comparison was not always mathematical. If it had been, we would 
be concerned that the figures were not factual. For example, a patient with 
tinea who had a blood sugar of 230.8 had a blood salt of 454.3. Another patient 
with tinea had a blood sugar of 194.4 and a blood chloride of 462.7 mg. per 100 
c.c. In both these instances, the blood sugar was much over the average of 96.5 
and in turn the blood chloride was much below the average of 471.6. In the 
above list, we have accounted for the highest 10 of the 17 patients with blood 
sugar of more than 120 mg. per 100 e.e. 

We would turn next to a tabulation of 14 patients who gave us a sodium 
chloride content of less than 441.0 mg. per 100 e.c. There were three patients 
of these 14 who had blood sugar of more than 120 mg. per 100 e.e., and two 
other patients close to it (119.0 and 117.7). 

The other nine patients had a low salt content without accompanying high 
blood sugar; four of these had 437.7 mg. of salt per 100 e.c. The lowest salt 
content was in a patient with seborrheic eczema whose blood sugar was 81.G 
mg. We find listed a patient with pemphigus showing salt content of 437.7 
and a sugar of 92.0 mg, per 100 c.c. This is of some interest in the proposed 
etiology of this strange disease. 

Another point of interest is that six patients in this list of low salt content 
(less than 441.0 mg. per 100 c.c.) were diagnosed acne vulgaris. Not one had a 
blood sugar above 120 mg. per 100 c.c. We did not. recognize the importance of 
this until much later, and hence are unable to report exactly what clinical type 
of acnc vulgaris is represented by these six patients. 

UREA NITROGEN 

We learned nothing of startling import by our analyses of the findings of 
urea nitrogen in the blood of the 466 patients studied. The general average 
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was 13.5 mg. per 100 c.c. All tlic groups studied, acne, dermatitis, eczema, 
erythema, furunculosis, pityriasis rosea, pruritus, psoriasis, tinea, and urticaria 
were well within this general average. Furunculosis, for example, was low with 
13.0 and pruritus was high with 14.5. 

URIC ACID 

We cannot report anything unusual in the findings for uric acid. The 
general average for the 466 patients tested was 2.55 mg. per 100 c.c. The low 
was 2.07 for pityriasis rosea. The high was 2.90 for psoriasis. 

INFLUENCE OF AGE OF PATIENT ON BLOOD FINDINGS 

It seemed worth while to recast our findings according to the age of the 
patient as well as according to the different ingredients of the blood studied. 


INFLUENCE OF AGE OF PATIENT ON BLOOD SUGAR 

We estimated the blood sugar on 514 patients and found the general aver- 
age to be 96.7 mg. per 100 e.c. All the groups less than forty years of age 
averaged less than this general average. For example, 111 patients were be- 
tween twenty-one and twenty-five years of age. The average blood sugar for 
this group was 92.1. The group between forty-one and fifty years had 63 pa- 
tients. The average for this group was 108.4. All the groups of patients more 
than forty years of age had blood sugar averages more than 105.6 mg. per 
100 c.c. 

At first sight then, it would seem that what we are stating is that there 
must be more diabetics among the higher age groups. But we recast our find- 
ings once again and remove all blood sugar above 120 mg. per 100 c.c. In gen- 
eral, the average drops from 96.7 to 94.7 as the 17 patients with blood sugar 
over 120 are deleted. But the swing upward of the blood sugar average with 
increasing age is still noted. It happened that the group of 111 patients be- 
tween twenty-one and twenty-five had no blood sugar above 120 so its average 
remains 92.1. The age group forty-one to fifty lost 8 patients with blood sugar 
above 120. The average for the 55 patients remaining was 101.3 mg. per 100 
c.c., the highest recorded average. The patients more than forty-one had an 
average of 100 mg. per 100 c.c., which is higher than the general average for 
all age groups of 94.7 mg. per 100 c.e. 


INFLUENCE OF AGE ON SODIUM CHLORIDE IN THE BLOOD 

The general average of sodium chloride in the blood was 475.5 for the 514 
patients studied. The averages for the various groups held quite close to this 
general average. The highest average for the age groups was 478 7 for the 
ages thirty-one to forty. The lowest salt average was 468.7 for the a«e "roun 
fifty-one to sixty. In a way, the conduct of the salt holds to our former find 
ings. for the older people, that is above fifty-one years old, averaged the lowest 

7 ' "f tMs mas not mathematical, and « 
arc triad that ,1 mas not so f„ „ mould smack too mod, of tvindom dressing 

INFLUENCE OF AGE ON UREA NITROGEN IN THE BLOOD 

The general average of urea nitrogen for 5(F patients wic rtr 
100 c.e. The lowest a sc group was iw w, P atients "as 13.6 mg. per 
1 " as lhat between twenty-one and twentv-five. 
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There were 111 patients in this group and the urea nitrogen averaged 12.8 mg. 
per 100 c.c. The highest average was for the small group of 15 patients more 
than sixty years of age with an average of 15.7. But the next highest was for 
the youths of our series, patients under fifteen years of age, of whom there 
were 22 who had an average of 14.S nig. of urea nitrogen per 100 c.c. of blood. 

INFLUENCE OF AGE ON URIC ACID IN THE BLOOD 

The general average of uric acid for 500 patients was 2.62 mg. per 100 c.c. 
The lowest group was between sixteen and twenty years of age. There were 82 
patients in this group and the average was 2.39 mg. of uric acid per 100 c.c. 
The highest average was in the group of 45 patients between the ages of fifty- 
one and sixty. The uric acid average was 2.93 mg. per 100 e.c. 


SUMMARY 

We have commented upon the results of blood chemistry studies made on 
about 500 patients with various skin disorders. We note that blood sugar is 
high in furunculosis as an average because one patient was a frank diabetic 
with a very high blood sugar. We offer, then, the process of consideration of 
our average finding with all frank diabetics removed. Then, the sugar findings 
are without any particular significance by themselves. 

The analyses of the salt findings were not significant by themselves, either. 
But we disclosed a relationship between salt, and sugar which we thought very 
significant; namely, that by and large as the sugar averages went down, the 
salt averages went up. This relationship, the antagonism between sugar and 
salt, was not absolute. It was fairly constant. The converse was also noted: 
as the average salt content of the blood increases, the average blood sugar de- 
creases. Wc do not offer any reason for this reciprocal arrangement. We are 
certain that it is not fiction nor bookkeeping. 

On the basis of the findings of antagonism between sugar and salt in the 
blood, and the accidental find that saline intravenously relieved a pustular 
acne (which we first considered an acne due to ingestion of bromides), we have 
experimented with salt solution intravenously and locally into pustules, with 
gratifying results. The further possibilities of this form of therapy are sug- 
gested. 

We found nothing exciting in the blood urea nitrogen or uric acid among 
our patients. 

We did find that the content of sugar gradually went higher with increas- 
ing years, and that this was true whether we deleted frank diabetics or left 
them in the analysis. Older patients retain sugar, urea nitrogen, and uric acid. 
They do not retain more salt, but tend, as the sugar goes up, to have less than 
the average saline content of the blood. 

We believe that this method of presenting blood findings for a series of 
about 500 patients, seeking aid for dermatologic ailments, has not been previ- 
ously presented. 

18 East 89th Street 



EXPERIMENTAL STUDIES IN SO-CALLED 
AGRANULOCYTIC ANGINA® 


Effects of Toxic Products of Certain Bacteria Recovered from tiie Stool 
and Blood of the Human Being Upon the Leucocytes of Animals 

William II. Harris, M.D., and Herbert J. SThiattenberg, M.D., 

New Orleans, La. 


T HIS unusual clinical entity was first described by Schultz 1 in 1922 and 
called by him agranulocytic angina. The accuracy of the name had been 
questioned in various reports, and other names deemed more suitable have 
been applied. The disease has been called angina agranulocytic (Friedman), 
mucositis necroticans agranuloe} T tica (Weiss), granulocytopenia (David), and 
malignant neutropenia (Schilling). A solution of such a discussion may per- 
haps be reached by terming this condition “the Schultz syndrome/’ especially 
as thus far the indications are that its causation is of a protean rather than 
a specific nature. The leucocytic picture present is generally a granulo- 
cytopenic leucopenia, -whereas the associated clinical and other laboratory 
findings may at times vary. A destructive throat lesion is, however, usually 
present. Replete and recent compilations of the literature are given by 
ICracke 2 and in the editorial symposium section of the International Medical 
Digest. 3 The study of the bone marrow and a complete review of the litera- 
ture on this phase of the disease recently have been presented by Jaffe.' 4 

In experiments relating to the cause of the Schultz syndrome various 


observations have been reported. Dennis’ has shown that when various 
virulent microorganisms are enclosed in parchment capsules and introduced 
into the peritoneal cavity of rabbits, in some instances reduction of the total 
leucocytes and granulocytes is produced by the absorption of the permeating 
toxins. The microorganisms employed by him were not derived from the 
human disease, excepting a B. proteus which did not cause any marked 
changes. Kracke* reports that various microorganisms recovered from throat 
lesions and other areas fail to produce granulocytic neutropenia when in 
jeeted into animals. He produced the blood picture and, in some instances 
throat lesions by the injection of benzene with olive oil Tt i 1 i ' ’ 

vioilsly shown by Selling both c.micHy. e.pcri.ncn.i “ at 'ZZe 

is capable of producing in certain patients a granulocvtonenio 
and hemorrhages, and in the experimental animal reduction of tl ^ PUIpiU ' a 

!i» « '»"'• 

■Fi'uin the nep.-irtiii.-nt of P.-itholorry. School of Mdi , „ , 

n.-f.-lv.-.l for publication. November m. 1934 * 'cine. TuLine University. 

Al.le.l by it sr.-int from the D.-ivI.I Trautm-A e,.i 
ccr-Mty. raUlman Scl ""‘ rtz *«*«•"* Funu of Tuh.ne Unl- 


1053 



3054 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


connection, because of a supposed benzene content, much interest lias recently 
arisen as to the probable causal relationship of the various barbital derivatives. 
It must be realized, however, that some of these drugs considered as causes 
actually contain no benzene factor, and furthermore that other drugs of the 
benzene group in very general use are not incriminated. 

MATERIALS 

Our materials were procured from a fatal chronic case occurring in a 
child, eleven years old, in whom the primary -throat lesion, diagnosed as Vin- 
cent’s angina, had disappeared but a marked blood dyscrasia was persistent. 
The patient presented bo*ils and two large abscesses and revealed a positive 
Staphylococcus aureus blood culture several days prior to death. 

As far as ascertained by us, the possible causal relationship of certain 
of the intestinal flora of such eases has not been investigated. We accord- 
ingly carried out a baeteriologic investigation of the stool specimens, and 
recovered cultures of B. cntcritidis, B. wclchii, and Streptococcus hemolyticus. 
In the expeiuments herein reported, these cultures obtained from the stools 
and also the culture of Staphylococcus aureus, procu red from the blood cul- 
ture together with toxic products obtained from these isolations, were em- 
ployed. These were injected by various routes into animals to ascertain their 
effects, especially upon leucocytes. Seventy-nine guinea pigs and sixteen rab- 
bits were used. The leucocytic coxuits of rabbits as found by other ob- 
servers 0 ’ 10 ’ 11 and ourselves 12 reveal total counts of from 8,000 to 10,657 cells 
per c.mm. and a differential granulocytic count of 35.4 per cent to 54.0 per 
cent. These counts in the guinea pig show the usual established variation of 
from 6,000 to 12,000 leucocytes per c.mm. and granulocytes of approximately 
35 per cent. 13 

EXPERIMENTAL 

B. enteritidis . — Six guinea pigs were injected, two subcutaneously, two 
intraperitoneally, and two intracardially with 1 c.c. each of a saline suspen- 
sion, containing approximately' 2.5 billion bacteria per cubic centimeter of 
this strain of B. enteritidis and all died in from twenty-four to seventy-two 
hours. Although repeated counts were made even up to shortly before death, 
no evidences of reduction of the total leucocytes or granulocy'tic counts were 
produced but on the contrary a neutrophilic leucocytosis prevailed. 

Three guinea pigs were fed daily' with oats contaminated with the stools 
of the human being containing B. enteritidis and over the food of 3 additional 
guinea pigs, suspensions of the recovered culture of this bacillus were poured. 
After six weeks of observation, including repeated leucocy'tic counts, no ap- 
preciable effects of these feedings were noted. 

Four guinea pigs were injected with the filtrate of broth cultures of the 
B. enteritidis, two intracardially and two intraperitoneally. The resultant 
leucocytic counts showed a total and granulocytic increase. 

Since such direct introductions of the B. enteritidis and culture filtrates 
failed to produce granulocytic leucopenia, it was decided to employ' the toxic 
products that might be procured through the in vivo method as used by one 
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of us (Harris) in the experimental production of the lesions of typhoid 
t with a concurrent leucopenia. In this method fatal ponton.t.s rs 
primarily produced in the guinea pig and the exudative material and wash' 
of Sim peritoneal cavity are collected and filtered Hirough a Berfce ^ 
or Seit z- Wertz filter. Tlie purpose of this procedure is to obtain the toxic 
factors that may result from the invader and host conflict. The supply pigs 
receive 2 c.c. intraperitoneally of a heavy suspension of the living B ententes 
suspension. Death from the induced peritonitis occurs in twelve to twenty- 



Total Granulocytic Count 

Actual Kuober of Granulocytes 


Chart 1. — Effects of toxic products of B. enteritidis upon leucocytes. 


four hours. Fifteen guinea pigs were injected with the toxic materials pro- 
cured through this method. The toxic Seitz-'Wertz filtrate was administered 
in doses of from 1 to 5 c.c. subcutaneously, intraperitoneally, and intracardi- 
nlly to different groups of animals. The intraperitoneal and intracardial 
routes and the larger doses were more effective. In all animals injected with 
the filtrate, a distinct lowering of the total leucocytic counts witli a propor- 
tionately greater reduction of the granulocytes was observed. The period at 
which the greatest decline occurred averaged seventy-two hours with ordi- 
narily an increment in the first twenty-four hours. As a series, the intra- 
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cardiac route yielded the most marked leucopenia and granulocytopenia. 
Representative changes produced in the leucocytic counts of four animals 
thus inoculated are shown in Chart 1. Reductions of from 57 per cent to 
76 per cent of the total while cell count and of from 60 per cent to 97 per 
cent of the granulocytes are demonstrated. Four guinea pigs were injected 
intracardially with toxic peritoneal filtrate procured from a stock strain of 
B. entcrilidis and the inhibitory effect upon the granulocytes and leucocytes 



* Total Granulocytic Count 

X = actual Humber of Granulocytes 


Chart 2. — Effects of toxic products of B, typhosus upon leucocytes. 


as a whole was much less marked. This result is attributed to the fact that 
this culture had been carried in stock for over four years. 

For comparison, an old stock culture of B. tyjdiosus that was known 1o 
depress leucocytes by its in vivo toxic products, was employed. Twelve guinea 
pigs were treated in the same manner with toxic peritoneal exudate filtrates 
of B. typhosus peritonitis as were those with the enteritidis and, in general, 
similar results were obtained. The results of four guinea pigs injected intra- 
cardially with this material are shown in Chart 2. The culture used in these 
injections had been in artificial cultivation for about five years. When this 
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culture was primarily recovered from tlie patient and further passed tlnough 
several guinea pigs, the resultant leucopenia was much more marked and the 
gross and histopathology of typhoid fever were produced. 15 

B. welchii. — Upon the first series of animals consisting of six full-grown 
rabbits, the recovered cultures of B. welchii were employed in the following 
manner: The whey portion of litmus milk cultures was filtered through a 
Seitz-Wevtz filter and the toxic filtrate retained. It is to be appreciated that 
various protein products aside from the bacterial toxin were contained in the 



Chart 2. Effects of toxic products of B. welchii Upon leucocytes. 

filtrate. This filtrate in amounts of from 2 to 10 c.c. was introduced daily for 
two weeks into the stomach through a tube. No effects upon the general well 
bemg of those animals or the leucocytic counts were noted. The livhm culture 
of this microorganism was administered through a tube into the stomach of 
four rabbits. These annuals likewise, showed no changes in their physical 
condition or in the frequent leucocytic observations that were made ‘ 

The toxic filtrate of B. welchii was next administered into two rabbits 
intravenously and nine guinea pigs intraeardially. Each of the two 
was given two doses intravenously of 1 e.e. at six-day intervals Thetotal 
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leucocytic count was primarily increased following these injections with a 
corresponding increase of the granulocytes, but after seventy-two hours the 
total count returned to normal. The granulocytes, however, were reduced 
from an average of approximately 40 per cent to amounts as low as 5 per cent 
following a primary rise, but later returned to normal. The guinea pigs in- 
jected intracardially with this toxic filtrate in doses of more than 0.5 c.c. 
usually succumbed within twenty-four hours. In the animals inoculated with 
0.25 to 0.5 c.c. the leucocytic and granulocytic curves were the same as those of 



x = Aotusl Uunber of Granulocytes 


Chart 4. — Effects of toxic products of Streptococcus hcmolyticus upon leucocytes. 


the rabbit, i.e., primary rise of both with subsequent return of the total count 
hut diminution of the granulocytes to between 5 and 8 per cent. Four guinea 
pigs were injected intraperitoneally with 3 to 5 c.c. of the welcliii filtrate, and 
these animals yielded in certain instances marked reductions of both the total 
leucocvtic and granulocytic cells. The effects produced upon the leucocytes 
are shown in Chart 3. Reductions of the total white cell counts of from 18 
per cent to 60 per cent are seen, whereas the granulocytic reductions were as 
much as 95 per cent. 
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Streptococcus Hcinolyticus . — The inoculation of this culture subcutane- 
ously, intraperitoneally and intracardially yielded neutrophilic leucocytosis. 
Filtrates of broth cultures introduced into four guinea pigs did not reduce the 
leucocytes or granulocytes. In vivo prepared toxic products were obtained 
by intraperitoneal injections of this microorganism into the guinea pig. As 
it was only slightly pathogenic for this animal, two injections of heavy sus- 
pensions were given at seventy-two-hour intervals when peritonitis and death 
ensued. The Seitz- Wertz filtrate of the peritoneal exudate and washings was 



X = Aotual number of Cramilocytoa 


Chart 5. Effects of toxic products of Staphylococcus aureus upon leucocytes. 


injected intraperitoneally into two guinea pigs, Nos. 45 and 46 in doses of 
5 c ‘ e - and intracardially into guinea pigs Nos. 43 and 44, each receiving c c 
Considerable reduction of the total leucocytic count with marked reduction 
of the granulocytes was produced as shown in Chart 4. A n c ., , 

both marked reductions of the total Ieucocvtes (54 np,. 0 \\ ‘ ' ov, n that 

evtes (98 per cent) rvore produced. ‘ 4 Pe ‘ <m<1 S™"" 1 "' 

- p-9 isrr 
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3, and 5 were inoculated in the following manner: Babbit 2 received 2 c.c. 
of the living suspension in the peritonsillar structures which eventually pro- 
duced a local necrosis in this area. Frequent counts revealed only a neu- 
trophilic leueocvtosis. In Rabbit 3 the upper tracheal mucosa was scarified 
with the hypodermic needle and 1 c.c. was injected in and about the eroded 
area. Neutrophilic leucocytosis ensued. Rabbit 5 was given 5 c.c. of melted 
agar subcutaneously. After the agar became semisolid, 1 c.c. of the culture 


B.Enteritidln 


Streptococcus 


Staphylococcus 


Filtrate Culturo Filtrate Culture 



— • Total leucocytic Count 
.-•Total Granulocytic Count 


Chart G.— Control animals injected with living culture or culture filtrate. 


of Staphylococctis aureus was introduced into the mass. Only a slight rise of 
the total leucocytes and granulocytic cells was noted upon repeated counts. 

Four guinea pigs were injected with the filtrate of broth cultures of this 
staplrylococcus, two iutracardially and two interperitoneally. These animals 
revealed only neutrophilic leucocytosis. 

An in vivo toxic filtrate prepared as in the previous instances was ob- 
tained from this staphylococcus and injected intraperitoneally and intra- 
cardially in doses of 3 c.c. into six guinea pigs, three for each route. Some 
reduction of the total leucocytic count ancl marked reduction of the granulo- 
cytes were produced (see Chart 5). It is of interest to note that one of these 
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animals developed an erythroblastic anemia, indicating a disturbance of this 
portion of the hemopoietic system as veil as that of the myeloblastic centers. 

As has been heretofore stated, the direct injections of the employed cul- 
tures of B. enteritidis, streptococcus and staphylococcus and their broth cul- 
ture filtrates failed to produce granulocytopenia. In Chart 6 is shown a 
number of these animals injected with the culture and cnlture filtrates which 
serve as controls in comparison with the animals injected with the in vivo 
prepared toxin. 

In general, it may he stated that repetition of the injections of in vivo 
prepared toxin into the same animals produced a duplication of the results 
described. After several such injections, the majority of the animals sickened 
and died. In these animals pneumococci and terminal invaders were obtained 
from hearts’ blood. 

Smear preparations of the bone marrow of those animals demonstrating 
marked granulocytic depression showed, as a whole, degenerative changes 
in the nuclear portion of the myeloid cells. Different findings have been noted 
by various observers, a compilation of which has been set forth by Jaffe. 4 


DISCUSSION 


From the results presented herein and the work of others, it can he ap- 
preciated that various microorganismal poisons will produce the marked 
leucocytic changes occurring in the Schultz syndrome or so-called agranulo- 
cytic angina as found in man. The continuation of such leucocytic depres- 
sions eventually leads to a morbidity of the animal with lowered resistance 
and secondary infection as frequently noted in the human being. 

"Whether such parallelisms represent a true reproduction of the human 
disease is naturally subject to question and, no doubt, will remain so unless 
a specific causal agent is later discovered. In this connection, it is difficult 
to understand, if a heterologous group of toxic factors are responsible for the 
disease, why it does not occur more frequently. It might be surmised that 
this rather unusual phase of certain toxins occurs infrequently, or, as has been 
suggested, 10 a rather rare allergic phenomenon is displayed. 


In the human being, it is rather remarkable that a secondary invasion of 
Slaphylococctts aureus occurs so frequently unless the lowered neutrophilic 
resistance and wide distribution of this microorganism is considered respon- 
sible. In connection with such staphylococcal invasions occurring both locally 
and at times systemically, it is of note that such a pyogen with actual pro- 
duction of pus or an accumulation of neutrophilic granulocytes should be 
accompanied by a systemic granulocytic depression or at times absence of 
such cells in the circulating blood stream. Perhaps the “shifting of the ' 
cular bed” as indicated by Garrcy- might explain their sonre°e. Kraeke* 
however, has demonstrated that the blood removed from the veins in thk 
disease demonstrates the same marked leucocytic and grannlocvtic depression 

Dennis 0 considers that the absorption of toxic material without bacterial 
invasion mto the tissues may cause this condition rr c 
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onstrate tliis possibility. Iu the present experiments, with the exception of 
the B. wclchii toxin, the liberated toxic moieties were obtained from filtrates 
of the peritonitis exudates. It is considered that in this in vivo encounter 
of microorganisms and host there is liberated a toxic substance that is not 
ordinarily obtained in vitro. Such in vivo toxins can be readily obtained, and 
while their activity when injected is transitory, repeated injections will serve 
as a sufficiently continuous source. 

CONCLUSIONS 

1. From the observations made herein, it is evident that marked depres- 
sion of the total and granulocytic leucocytic counts can readily be produced 
by the toxic moieties of various bacteria. The toxin of bacteria of this disease, 
obtained from other sources than that of the human being, will likewise cause 
such reductions. Recent isolations in which the virulence is exalted produce 
more distinctive results. 

2. For the bacteria herein employed, a toxic moiety obtained only from 
an in vivo source is effective, with the exception of B. wclchii. Repetitions 
of such toxic injections into animals reduce their resistance, and they become 
sick and die, frequently with terminal infections. 

3. Relative to the etiology of agranulocytic angina or the Schultz syn- 
drome, these experiments would indicate that the causation is of a protean 
or varied nature. 
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A STUDY OF THE COMPARATIVE VALUE OF THE LOWENSTEIN 
METHOD AND THE DIRECT CULTURE OF WHOLE BLOOD IN 
DETECTING TUBERCLE BACILLI IN THE BLOOD STREAM* 


Lucy Mishulow, B.A., Morris Siegel, M D., Bel.ua Singer, M.D., 
Mildred Melman, BA., and Marie Romano, BA. New York, N.. Y. 


T UBERCULOUS bacillemia has been the subject of a great deal of study, 
especially since Lowenstein and his associates 1 a ’ h ’ c - d reported a high per- 
centage of positive results not only in various tuberculous infections, but also 
in apparently nontubereulous conditions such as rheumatic fever, polyarthritis, 
and dementia precox. Lowenstein devised a special method of culturing the 
blood for tubercle bacilli 2 in which the hemoglobin is removed from the blood 
before the specimen is cultured. He stressed the importance of completely re- 
moving the hemoglobin as he believed that it interferes with the growth of the 
tubercle bacilli. Many have attempted to confirm Lowenstein ’s work but only 
a few reported successful results. Most of the workers were able to obtain only 
a. comparatively small percentage of positive cultures in tuberculous cases, and 
some had entirely negative results or obtained a. few saprophytic acid-fast cul- 
tures. 3 10 15 According to Lowenstein, however, this failure to obtain positive 
results may have been due in part to incomplete removal of the hemoglobin. 1 d 

One of us 16 found in connection with other investigations that Iranian and 
bovine tubercle bacilli grew freely and rapidly on the Bordet-Gengou medium 
which contained about 30 per cent of horse blood. Also that human tubercle 
bacilli grew freely when the whole blood of infected rabbits was cultured on 
the Bordet-Gengou and on egg medium without any preliminary treatment. 17 
Dreyer and Vollum 18 obtained positive blood cultures from rabbits and <minea 
pigs by inoculating whole blood into plain or glycerin bouillon. Alexander 19 
obtained positive cultures from tuberculous mice by growing the whole blood on 
the Bordet-Gengou medium. 


Since the hemoglobin of animal blood apparently did not interfere with the 
growth of tubercle bacilli, it seemed desirable to determine whether human blood 
differs in this respect from animal blood. If in the search for tubercle bacilli 
whole blood could be cultured directly, it would be very much simpler and con 
sume much less time than culturing according to Lowenstein ’s method With 
this object in view we carried out the following investigation: 

Specimens of blood were obtained from tuberculous patients at the 
View Ilospilnl. The of blood colored varied AiZ d atd 14 ' 

depemlmg upon the case with which the blood was obtained. In order to make 

•The "Wliolo ninoil Culture" was carried ,, 

York City Department of Health urnler Director Dr AY, I < A a U K , Laboratory of the New 
Culture was carried out ret the Sea View Hospion Pedlatiie n , Park - tire ■•Lowenstein 

Received for publication, November 7, mt. department under Dr. Bela Schick. 
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the two methods directly comparable each specimen was divided into two equal 
parts. One part was mixed with sterile 0.4 c.e. of 10 per cent sodium citrate 
to prevent coagulation and was used for the direct culture, and the other part 
was cultured by the Lowenstein method. 2 

WHOLE BLOOD CULTURE METHOD 

As soon as the eitrated blood was received at the laboratory, it was inoculated 
by means of a pipette on the surface of Bordet-Gengou and of Congo red egg* 
mediums in Petri plates, using 6 to 10 plates for each specimen. Then to each 
plate was added about 1 c.e. of sterile distilled water in order to facilitate the 
spread of the blood thus hemolyzed, and the plates were tilted back and forth 
until the blood was evenly distributed over the whole surface. They were then 
incubated at 37.5 to 38° C. for two to three days or until the excess moisture had 
evaporated. Care was taken not to allow the plates to become too dry. After 
this preliminary incubation the plates were sealed with thrce-fourth-inch Scotch 
photographic tape and incubated for two months. During the period of incuba- 
tion the cultures were examined by means of a low power microscope once a week 
to detect an early growth. Any growth that even remotely resembled colonies of 
tubercle bacilli was examined by smear and in some instances by subculture. 

LOWENSTEIN ’s METHOD 

The blood was mixed with 2 to 3 e.c. of sterile 10 per cent sodium citrate in 
centrifuge tubes of 50 c.e. volume and well shaken to prevent clotting. About 
30 c.c. of sterile distilled water was added; the contents were shaken and centri- 
fuged for twenty minutes at about 2,000 revolutions per minute. The super- 
natant fluid was decanted; the sediment was well shaken and again washed with 
about 30 c.e. of sterile water, and centrifuged for twenty minutes at aborrt 2,000 
revolutions per minute. The supernatant fluid was decanted, leaving behind 
a small grayish sediment. The sediment was thoroughly broken up with a 
pipette (3 mm. bore) into which all the material was drawn and then spread over 
the surface of 3 or 4 tubes of Lowenstein ’s medium. The tubes were well sealed 
at once with sealing wax, and allowed to lie horizontally for twenty -four hours. 
Then the tubes were placed upright in the incubator at 38° C. for two months. 
If no growth was macroscopically visible at this time, a. smear was made of the 
edges, bottom, and surface of the medium. If the result of the microscopic 
examination was negative, the surface of the tubes was scraped into a small 
amount of distilled water. This was centrifuged for one-half hour and the 
sediment again examined by smear. In all microscopic examinations, the Ziehl- 
Neelsen method of staining was used and the whole surface of the smear was 
examined by means of a mechanical stage. 

We have examined in this manner 98 specimens of blood from 63 tubercu- 
lous patients and 2 specimens from a case of actinomycosis of the jaw. The 
results obtained are briefly summarized in Table I. 

Only four positive cultures were obtained in this series and all of them 
in the group of far advanced pulmonary tuberculosis where the patients were 

•Lowenstein's Congo red egg medium. 
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Table I 


Results Obtained by Direct Culture op Whole Blood and be Lowenstein ’s Method in- 
detecting Tubercle Bacilli in the Blood Stream 







POSITIVE FOR TUBERCLE 
BACILLI 

DIAGNOSIS 

NO. OF 

CASES 

AGE 

xo. or 

CASES 

NO. OF 

specimens 

DIRECT j 

CULTURE 
WHOLE | 
BLOOD 1 

i lowen- 
stein *s 

1 METHOD 

Advanced pulmonary 

46 

20 to 03 yr. 

28 

; 36 : 



tuberculosis (weak 


0 to 18 yr. 

11* 

1 14 



or critical) 


0 mo. to 4 yr. 

7 

i 22 



Pulmonary and bone 

10 

22 to 40 yr. 

8 

11 

0 

0 

tuberculosis 


17 yr. 

1 

3 

0 

0 

(critically ill) J 


1} yr. 

1 

1 

0 

0 

Bone tuberculosis 
(pre- and post- 
operative) 

6 

22 to 36 yr. 

1 

6 

i) 

0 

• i 

0 

Mesentery, cervical 
and intestinal 
tuberculosis 

1 

2 yr. 

■ 

2 

0 

0 

Actinomycosis of tlie 
jaw 

1 

3 yr. 

3 

2 ' 

0 

0 : 

Total 



| 64 

100 

3 

3 


Total number of cases positive by botli methods — 4 


*ln this group there were isolated two cultures of nonpathogenic acid-fast bacilli In 
Case L14 a chromogenic saphrophyte was obtained in the portion of blood that was treated bv 
Lowenstein s method, and in Case L 55 a single colony of a chromogenic acid-fast bacilius was 
found on the portion that was cultured directly on the Bordet -Gengoh medium. Dac "‘«s Das 
t Macroscopic growth. 
tMicroscopic growth (see text). 

§Both patients died after the last specimens were taken (See Table II). 


either weak or critically ill. In two instances the cultures were positive by both 
methods; in the third, the "whole blood" culture was positive and the ‘,‘Ldwen- 
stein” culture negative; and in the fourth, the "whole blood” was negative and 
the "Lowenstein” culture gave a doubtful positive (see Table. II). In one of 
the eases in this series blood was obtained two and one-lialf hours before de- 
livery and again five minutes after expulsion of the placenta in order to deter- 
mine whether there was any blood invasion during labor. The blood of this 
patient remained consistently negative by both methods although a total of 5 
specimens of blood were examined on four successive days. In one ease of bone 
tuberculosis, blood was taken one hour before an operation on the spine and a «min 
one-half hour after the operation; both cultures gave negative results ' * 

In two instances chranogcnic, saprophytic acid-fast bacilli were isolated 
from the Wood cnltures. In Case 1, 11 the saprophyte was obtained on the nor 
Don of the specimen that, was treated by the "Lowenstein” method and in rw 
L « on the "whole blood- culture. Botb of tbesc 

pear on the mpnnl plates, tat on snbenltnre they grew freely both at incubator 
and at room temperature. Tins shows the need far careful identification of am- 

"5“ 0,1 — * T «* arc atypical on colon) 

Table IT shows the comparative results olifiinnU i„. n , . , , 
and by the Lowenstein method in the four positive cases * ' V '° ° b °° d Culture 
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Table II 


A Detailed Study of the Four Positive Cases Shoving tiie Comparative Results Ortai.vf.d 
on Direct Culture or Whole Blood and After Treatment by the 
L oven stein Method 








RESULTS 

OF BLOOD 

CULTURE 







DIRECT 

PLATING- 

-WHOLE 

Lowenstein ’s 



Si’ECI- 

DATE 

CONDITION OF 


BLOOD 


METHOD 

CASE 

AGL 

MEN 

PATIENT 

AMT, 


CONGO 

AMT. 

CONGO 






CULT, 

BORDET- 

RED 

CULT. 

RED 






IN C.C, 

GENGOU 

EGG* 

IN C.C. 

EGG* 

L 11 

9 mo. 

1st 

2/ 1/34 

Pulmonary and 

3.5 

+ 1 col. 

0 

3.5 

0 





miliary T.B. 








2nd 

2/ 8/34 

Patient died 

2.5 

0 

0 

2.5 

+ 





2/13/34 






L 13 

9 to 

1st 

2/ 1/34 

Miliary T.B. 

3.5 

0 

0 

mm 

0 


11 mo. 

2nd 

2/ 8/34 


2.5 

0 

+ 1 col. 

■ 

0 



3rd 

2/15/34 


2.5 

0 

0 


0 



4th 

2/22/34 



0 

0 

4.0 

+ 



5th 

3/ 1/34 


3.5 

0 

0 

3.5 

0 



6tli 

3/ 8/34 

Patient died 

4.0 

0 

0 

4.0 

0 





3/15/34 






L 20 

46 vr. 

1st 

2/ S/34 

Pulmonary T.B. 

3.0 

+ 2 cols. 

+ 1 col. 

3.0 

0 



| | 


critically ill 










Pulmonarv T.B. 

4.0 

0 

0 

4.0 

4 - mic.t 





weak 





0 




§11111 


5.5 

0 

0 

5.5 



•LSvvenstein'B Congo red egg medium. 


TMic. = microscopic. No macroscopic growth was obtained after two months' incuba- 
tion. but a smear of the scrapings of the culture showed a small clump of acid-fast bacilli. 
Subcultures of the scraping’s of this culture and guinea pig inoculation gave negative results. 

The results in this table show that the number of viable tubercle bacilli in the 
blood is extremely small and that they appear only intermittently even shortly 
before death. Two of the patients, L 11 and L 13, died soon after the last speci- 
mens were taken and both showed miliary tuberculosis. Yet in L 11 only one 
colony was obtained in the first specimen when 7 c.c. of blood was cultured and 
only a scant growth in 5 c.c. of the second specimen which was taken five days be- 
fore death occurred. In Case L 13 only 2 of the 6 specimens gave a positive result •. 
1 colony from 5 c.c. of blood and a scant growth from 8 c.c. of blood. Case L 20 
gave 3 colonies in 6 c.c. of blood. The first specimen of Case L 36 gave a doubt- 
ful positive culture on the portion that was treated by the Lowenstein method, 
although a total of S c.c. of blood was cultured. This culture remained maero- 
scopically negative after two months’ ineubation, but a smear of the scrapings 
from the surface of the tubes showed some small clumps of acid-fast bacilli. 
Cultures and guinea pigs that were inoculated with these scrapings gave nega- 
tive results. It seems likely that those were clumps of dead bacilli, otherwise 
they would in all probability have grown on subculture or guinea pig inoculation. 
A second specimen of 11 c.c. of blood gave negative results. 

When the “whole blood” cultures are compared with the cultures by the 
Lowenstein method, we find that the results were better on the “whole blood” 
than on the “Lowenstein” cultures. There were 3 macroscopieally positive 
cultures on the whole blood and only 2 on the Lowenstein culture. The culture 
,, f ew acid-fast bacilli in the scrapings of the Lowenstein tubes may 
% tSderea only «. a doubtful positive. 
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There were few contaminations on the “whole blood” cultures. Although 
there were some contaminating colonies on the plates, none of the specimens were 
overgrown; whereas 7 of the “Lowenstcin” specimens were overgrown by con- 
taminations. 

SUMMARY 

A comparative study was made on 98 specimens of blood from 63 tubercu- 
lous patients and 2 specimens from a case of actinomycosis of the yaw, in order 
to determine whether the hemoglobin in human blood interferes with the growth 
of tubercle bacilli as stated by Lowenstcin. The specimens were divided into 2 
equal parts; one part of the blood was cultured on Bordet-Gengou and on Congo 
red egg mediums without any treatment, and the other part was treated ac- 
cording to Lowenstein ’s method. 

It was found that the whole blood gave better results than the portion 
treated by the Lowenstcin method; as there were 3 macroscopically positive 
cultures on the whole blood and only 2 on the Lowenstein cultures. In one addi- 
tional Lowenstein culture a few small clumps of acid-fast bacilli were found 
microscopically when the surfaces of the tubes were scraped but subcultures 
and guinea pigs that were inoculated with these scrapings gave negative results. 

Tubercle bacilli were found in only 4 of the 46 cases of advanced pulmonary 
tuberculosis, a large number of whom were critically ill, and 2 of the 4 patients 
that gave positive blood cultures died soon after the last cultures were made. 
All the other cases in this series gave negative results. 

In two instances saprophytic acid-fast bacilli were found in the cultures. 
This shows the need for identifying carefully the cultures obtained, especially 
if they are atypical on colony morphology. 


CONCLUSION 


1. From the results obtained in this series it appears that the hemoglobin 
in human blood is not inhibitory to the growth of tubercle bacilli, since cultures 
of whole citrated blood gave better results than blood that was treated by Lowen- 
stein ’s method to remove the hemoglobin. 

2. Culturing whole blood has the particular advantage over Lowenstein 's 
method of culture in that it requires no preliminary treatment and is, there- 
fore, very much simpler and less time consuming. The use of plates instead of 
tubes as recommended by Lowenstein has the advantage of a large surface on 
which the specimen is well distributed and a slight contamination' , seldom over- 
grows the culture. We found in another investigation that when the number of 
tubercle bacilli is very small, growth usually takes place on the plates rather than 
on the tubes. Whether this is due to a better distribution of the inoculum to a 
greater supply of oxygen or to other conditions, we have not been able to deter- 
mine. 
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STUDIES ON INFECTIONS OF HUMAN PARASITIC WORMS 
UNDER INSTITUTIONAL CONDITIONS® 


William Hugh IIeadlee, M.S. 


I. INTRODUCTION 

M ANY surveys liave been carried out among population groups to deter- 
mine the incidence of human entozoa. These surveys have included such 
population groups as armies, inmates of jails, hospitals, schools, orphans’ 
homes, and asylums. The results of these surveys often give an indication 
of the incidence of helminth infections in a given geographic area that could 
not otherwise he easily obtained. This is particularly true when people are 
examined 'as tliey enter these institutions, the examinations of persons as they 
entered hospitals and jails having furnished valuable data concerning the 
incidence and intensity of infection and the geographic distribution of various 
species of human parasites. 

During the past year the author carried out a survey at the Kankakee 
State Hospital (Illinois), adding similar data from another institution and 
locality. 

II. MATERIALS AND METHODS 


Arrangements were made for carrying out a survey at the Kankakee State 
Hospital to determine the incidence of helminth infection among the patients. 
The population of this institution is approximate!}’- 4,000 persons, including 
both males aud females. 


In this survey three different types of diagnostic methods were used: 
the direct smear, the Willis flotation method, and the method of perianal scrap- 
ings. In some instances all three types of diagnostic methods were used on 
the same patient, others received examination by two of the methods while a 
third group was examined by only one method. 


The direct smear was made in the usual manner, with the exception that 
decinormal sodium hydroxide was used as a diluent. The sodium hydroxide dis- 
solves the mucus and admits a more even film preparation, at the same time 
freeing the ova from fecal material to a certain degree. 

The Willis notation method (Willis, 1921) with slight modifications was 
used to make a large number of the examinations. 

Perianal scrapings were taken from the patients in the ward by a physician 
assigned for that purpose. They were taken by means of a blunt instrument 
a considerable area oi the anal folds and perianal region being scraped. The 
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material was transferred to a slide on which a drop of decinormal sodium hy- 
droxide had been placed. The drop of material was confined by a rectangular 
area which had been previously marked off on the slide by means of a wax 
pencil. The material was spread evenly over the area with a toothpick and 
immediately examined for the presence of ova, or was set aside for examina- 
tion at a more convenient time. It was found that even though the prepara- 
tion dried up. the ova ( Enferobius vcrmindarix) were apparently not harmed 
enough to prevent an accurate diagnosis at a later time. When the examination 
was made at a later time a drop of water was added to the preparation and 
spread over the area so that visibility of t he ova would be increased. These 
slides may be examined after several days or weeks and the ova will be only 
slightly deteriorated. 

III. PROCEDURE AND RESULTS OF THE SURVEY 

The survey was carried out during the winter months of the year 1932-33. 
Stools were collected and examined from patients on ten different wards. 
Data from one other ward were obtained when perianal scrapings were made. 
Table I gives the information concerning the number of examinations made 
by these various methods and the results obtained. 

A total of 876 examinations were made on stools or perianal scrapings 
from 652 patients. Of these 115 were males and 537 females. Infection with 

Table I 


Comparison or Diagnostic Methods for. Entkkobius Ver.micui.aris 
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44 




22 
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0.00 
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0 

0.00 
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12 

0.10 
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45 

35.10 

3-N 
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10 

0 

0.00 




4-N 

48 




45 

0 

0.00 

30 

0 

0.00 

7-N 

108 




102 

3 

2.04 




8-N 

14G 




52 

1 

3.02 




3-S 

123 







115 

17 

14.78 

Total 


89 

0 

0.00 

505 

17 

3.37 

282 

62 

21.00 


only one species of helminth, Enferobhis vermicularis, was noted. Seventeen 
or 14.8 per cent of the male patients examined were found to be infected with 
Entcrobius vermicularis, while 57 or 10.6 per cent of the women were found to 
harbor this parasite. It must be taken into consideration when making com- 
parisons that all men were examined by the perianal scrapings method only, 
while some of the women received examination by three different methods. 
Of all patients examined by various methods, 74 or 11.35 per cent were found 
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to be infected with this helminth. An adult worm was found in the stool from 
one of the female patients. Examinations were begun on the patients of ward 
1-North and the first 89 stools collected were examined by both the direct smear 
method and the Willis flotation method. Examinations were continued on this 
ward and various women’s wards bj r means of the Willis flotation method 
until stools from 505 patients had been examined. There ivere 3.37 per cent 
of these patients who were found to be infected with Ewterobins vermicularis. 

It was decided to continue examinations using a method which had been 
designed especially for diagnosis of infections of E. vermicularis, namely, the 
method of examination of perianal scrapings. Some of the patients were re- 
examined by this method and some new patients were examined. A total of 
282 perianal scrapings were made and examined, including scrapings from 147 
patients who had not been previously examined by another method. There 
were 21.99 per cent of the patients examined by this method who were found 
to be infected with Entcrobius vermicularis as indicated by the presence of ova. 
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and taenia should be detected by this method. During the time that this survey 
was being carried out, the "Willis flotation method was tested by means of a 
positive ease of Hymcnolcpis liana from a source outside the institution. There 
was no difficulty in finding the ova in the film, even though the case was a 
light one. 

From these discussions and the results of the author’s test experiments, 
it -would appear that other infections than E. vcnnicularis would have been 
detected if present, unless extremely light. It must be pointed out that these 
three methods are not equally efficient in detecting the presence of infections 
of Enicrobius vcnnicularis. Table I gives us the range of this variability of 
incidence when different methods are used, ranging (in ward 1-North) from no 
infections in 89 examinations by the direct smear method to 35.16 per cent in- 
fection in 128 examinations of perianal scrapings, while the Willis flotation 
method would indicate that 6.19 per cent of 194 patients are infected with 
E. vermicularis. 

A review of the literature of 28 surveys that were carried out on five dif- 
ferent continents and a number of islands shows that there is a marked varia- 
bility in the incidence of Enicrobius vcnnicularis , as recorded. Part of this 
variability is no doubt due to a number of factors such as the type of popula- 
tion group surveyed, the age, and the environmental conditions. There is con- 
siderable evidence that much of this variability is due to the type of diag- 
nostic method used. 

Serbinow and Schulmann (1927) call attention to the fact that the method 
of perianal scrapings gives more accurate diagnosis of Enicrobius vcnnicularis 
than any of the other methods that have been used. By this method they found 
that as high as 87.5 per cent of certain groups of children under institutional 
conditions were infected with E. vcnnicularis. They showed that the total 
percentage of incidence is increased if more than one examination is made. 

Sckauehat (1931) compared technic for the diagnosis of E. vcnnicularis 
using Fiillebom’s method, perianal scrapings, and the search for worms in the 
stools after an anthelmintic was administered. Thus 299 cases were examined 
by the Fiilleborn method and 10.7 of these cases were positive; 299 perianal 
scrapings were examined, and 48.2 per cent were positive. After giving an 
anthelmintic to 196 persons, the stools were searched and E. vcnnicularis was 
found in 72.9 per cent. 

The results of the present survey support the evidence given by Serbinow 
and Schulmann (1927) and Scliaucliat (1931), that the perianal scraping is 
the only method that can be used in the diagnosis of infections of Enicrobius 
vermicularis with any degree of reliability. 

V. GENERAL CONSIDERATIONS 

1. Instiiuiional Environment and Helminth Infections . — As has been men- 
tioned, it is strikingly unusual that infection by only one species of helminth 
was noted in a group of this type of persons. So far as the author is aware, 
these results have not been paralleled in any other survey of population 
"roups. Two general reasons may be set forth. One is that the technic would 
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probably fail to detect certain infections, but it will detect certain other in- 
fections which one might expect in an institution or similar population group. 
Let us then, for the moment give our consideration to a second factor, namely, 
the effect the institutional environment has on the presence of helminth in- 
fections. 

The conditions and regulations of this institution are such that there 
seems to be little opportunity for the spread among the patients of infections 
that depend upon gross pollution of surroundings to effect this transfer. The 
buildings are of first-class stone construction, with hardwood floors and modern 
plumbing and heating fixtures. Bathrooms and washrooms are supplied with 
water from a central water supply coming from deep wells. There are self- 
flushing toilets in the washrooms. Equipment, interior of buildings, and dor- 
mitories are kept scrupulously clean. 

The patients are not turned out into fenced inclosures as is the case in 
some institutions, and there is no chance for soil pollution. Untidy or careless 
patients are kept in a screened or enclosed porch, depending on the season of 
the year. Any sputum or excreta that may reach the floor are immediately 
removed and the floor scrubbed with disinfectant. There is no problem of soil 
pollution and the ova of these forms that require an incubation period outside 
of the host or must develop into a larval stage would no doubt be destroyed 
before reinfection could occur. 

Lane (1913) in reporting on the incidence of infections in prisons and 
jails of Bengal, regards the possibility of infection in a jail as nonexistent, and 
expressed an opinion that the whole question of the prevention of infection is 
a matter of simple hygiene such as is obligatory in a jail. He states that under 
such circumstances a natural cure will ensue, provided the sentences are long 
enough. 

Keller (1931) adds some interesting data of the same import while mak- 
ing a study of the parasites of children in one of the state institutions just 
outside Nashville, Tennessee. Under proper hygienic conditions, the group of 
patients who did not receive treatment over a period of fifteen months showed a 
reduction in incidence of 100 per cent in the cases of ascaris, 83.4 per cent in 
the cases of Hymenolepis nana, 75.6 per cent in the case of trichuris, and 59 per 
cent in the cases of hookworm infection. The Stoll dilution egg-count- method 
was used in these studies. Chandler (1929) in studying the rate of loss and 
acquisition of hookworms stated that the degree of infection in an Indian jail 
had lessened by 92 per cent in five years but that the number of infected nel- 
sons bad not. F 


In making a study of the helminth infections in some of the institutions of 
Alabama for the insane and mentally defective, Caldwell, Caldwell and 
(1930) found that there was an increase of infection with ascaris and trichuris 
m incidence and degree, and that infections with hookworms increased unles 
modified by treatment. They, however, found that this increase K, T! 
„W In- door,-, ml pollution and routine contM '“'g 
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and taenia should be detected by this method. During the time that this survey 
was being carried out, the Willis flotation method was tested by means of a 
positive case of Hymcnolcpis nana from a source outside the institution. There 
was no difficulty in finding the ova in the film, even though the case was a 
light one. 

From these discussions and the results of the author’s test experiments, 
it would appear that other infections than E. vcrmicularis would have been 
detected if present, unless extremely light. It must be pointed out that these 
three methods are not equally efficient in detecting the presence of infections 
of Enterobius vcrmicularis. Table I gives us the range of this variability of 
incidence when different methods are used, ranging (in ward 1 -North) from no 
infections in 89 examinations by the direct smear method to 35.16 per cent in- 
fection in 128 examinations of perianal scrapings, while the Willis flotation 
method would indicate that 6.19 per cent of 194 patients are infected with 
E. vcrmicularis. 

A review of the literature of 28 surveys that were carried out on five dif- 
ferent continents and a number of islands shows that there is a marked varia- 
bility in the incidence of Enterobius vcrmicularis, as recorded. Part of this 
variability is no doubt due to a number of factors such as the type of popula- 
tion group surveyed, the age, and the environmental conditions. There is con- 
siderable evidence that much of this variability is due to the type of diag- 
nostic method used. 

Serbinow and Schulmann (1927) call attention to the fact that the method 
of perianal scrapings gives more accurate diagnosis of Enterobius vcrmicularis 
than any of the other methods that have been used. By this method they found 
that as high as 87.5 per cent of certain groups of children under institutional 
conditions were infected with E. vcrmicularis. They showed that the total 
percentage of incidence is increased if more than one examination is made. 

Sehaucliat (1931) compared technic for the diagnosis of E. vcrmicularis 
using Fiilleborn’s method, perianal scrapings, and the search for worms in the 
stools after an anthelmintic was administered. Thus 299 cases were examined 
by the Fiilleborn method and 10.7 of these cases were positive; 299 perianal 
scrapings were examined, and 48.2 per cent were positive. After giving an 
anthelmintic to 196 persons, the stools were searched and E. vcrmicularis was 
found in 72.9 per cent. 

The results of the present survey support the evidence given by Serbinow 
and Schulmann (1927) and Sehaucliat (1931), that the perianal scraping is 
the only method that can be used in the diagnosis of infections of Enterobius 
vcrmicularis with any degree of reliability. 

V. GENERAL CONSIDERATIONS 

1. Institutional Environment and Helminth Infections . — As lias been men- 
tioned, it is strikingly unusual that infection by only one species of helminth 
-was noted in a group of this type of persons. So far as the author is aware, 
these results have not been paralleled in any other survey of population 
groups Two general reasons may be set forth. One is that the technic -would 
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probably fail to detect certain infections, but it will detect certain other in- 
fections which one might expect in an institution or similar population group. 
Let us then for the moment give our consideration to a second factor, namely, 
the effect the institutional environment has on the presence of helminth in- 


fections. 

The conditions and regulations of this institution are such that there 
seems to be little opportunity for the spread among the patients of infections 
that depend upon gross pollution of surroundings to effect this transfer. The 
buildings are of first-class stone construction, with hardwood floors and modern 
plumbing and heating fixtures. Bathrooms and washrooms are supplied with 
water from a central water supply coming from deep wells. There are self- 
flushing toilets in the washrooms. Equipment, interior of buildings, and dor- 
mitories are kept scrupulously clean. 

The patients are not turned out into fenced inclosures as is the case in 
some institutions, and there is no chance for soil pollution. Untidy or careless 
patients are kept in a screened or enclosed porch, depending on the season of 
the year. Any sputum or excreta that may reach the floor are immediately 
removed and the floor scrubbed with disinfectant. There is no problem of soil 
pollution and the ova of these forms that require an incubation period outside 
of the host or must develop into a larval stage would no doubt be destroyed 
before reinfection could occur. 

Lane (1913) in reporting on the incidence of infections in prisons and 
jails of Bengal, regards the possibility of infection in a jail as nonexistent, and 
expressed an opinion that the whole question of the prevention of infection is 
a matter of simple hygiene such as is obligatory in a jail. He states that under 
such circumstances a natural cure will ensue, provided the sentences are long 
enough. 

Keller (1931) adds some interesting data of the same import while mak- 
ing a study of the parasites of children in one of the state institutions just 
outside Nashville, Tennessee. Under proper hygienic conditions, the group of 
patients who did not receive treatment over a period of fifteen months showed a 
reduction in incidence of 100 per cent in the eases of ascaris, 83.4 per cent in 
the cases of Hijmenolepis nana, 75.6 per cent in the case of trichuris, and 59 per 
cent in the cases of hookworm infection. The Stoll dilution egg-count method 
was used in these studies. Chandler (1929) in studying tie rate of loss and 
acquisition of hookworms stated that the degree of infection in an Indian jail 
had lessened by 92 per cent in five years but that the number of infeeted per- 
sons bad not. 1 


In making a study of the helminth infections in some of the institutions of 
Alabama for the insane and mentally defective, Caldwell, Caldwell and Uavi, 
(1930) found that there was an increase of infection with ascaris and trichuris 
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Because of the unquestionable sanitary conditions prevailing at the insti- 
tution under study, and because of the possibility of losing infection with the 
lapse of time when the individual is not being reinfected, one would not expect 
to find infections with those more common worms unless in the case of late 
admissions. 

No information is available at this institution concerning the possible in- 
crease or decrease of E. vermicularis, since this is the first study made. It 
seems probable to the author that there is a possibility of spreading the in- 
fection because of the close contact that these patients have with each other, and 
because of the possibility of coming in contact with clothing that is contaminated 
with ova. 

2. Variation of Infection with E. Vermicularis on the Different 1 Yards . — 
By observing the table containing the results of these examinations one will 
notice that -wards 1-North and 3-Soutli have the highest percentage of infected 
patients. As the patients are admitted to the hospital they are taken to the 
receiving wards and left there until they can be classified. Personal habits, be- 
havior, and physical condition are criteria used in classifying patients. There 
is considerable shifting of patients as their condition changes. The patients 
on wards 1-North and 3-South are classed as untidy. Mentally they are very 
much deteriorated, and they are very untidy in personal habits. Although the 
patients on ward 4-North were examined by both the Willis technic and by 
perianal scrapings, no infections were found. The author was impressed by 
the general good appearance of the patients on this ward and could note an 
interest in personal hygiene. The majority of the patients on this ward were 
classified as having some form of epilepsy or epileptic psychosis. This seems 
to bear out what would be expected, that the mental condition as it affects their 
personal habits influences the incidence of infection. 

3. Relation of Mental State to Parasitic Infection. — When the patients are 
grouped according to the type of psychosis and compared with the incidence of 
infection, there seems to be little indication of a correlation. The data will 
bear a more thorough study from this standpoint. Marchand (1923) expressed 
an opinion that there might be a relation between convulsions due to helminth 
infections and epilepsy. However, in this survey no infections were found 
among the epileptic patients on ward 4-North. As stated above, it would ap- 
pear that infections are influenced by the mental state of the persons and their 
habits as brought about or conditioned by the type of psychosis. 

4. Correlation of Age and the Incidence of Infection. — In Table II infor- 
mation is given concerning the incidence of infection in relation to age. When 
considering the wards separately, with the exception of one or two, the number 
of patients in each age group is so small that a comparison cannot be made 
with any degree of accuracy. Considering all of the patients as a group there 
is no marked correlation of infection with the various age groups. The incidence 
in the age groups from twenty to twenty-nine and from thirty to thirty-nine 
seems to be uniformly lower than the age groups above them, but not markedly 

There were only three persons under twenty years of age and none of these 

were infected. 
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VI. SUMMARY 

1. A survey was carried out at the Kankakee State Hospital to determine 
the incidence of helminth infections among the patients. 

2. Methods of diagnosis used were the direct smear, the Willis flotation 
method, and the perianal scrapings method. Some patients were examined hy 
all three methods. Slide preparations of perianal scrapings set aside for sev- 
eral hours or days before diagnosis gave accurate diagnosis of Enicrobius 
vennicularis. 

3. Of 652 patients 876 examinations were made. Only ova of E. vcnnicu- 
laris were found, being present in 74 or 11.35 per cent of all of the patients 
examined. Some wards were negative: in other groups 35 per cent of the in- 
dividuals examined were found infected with this helminth. 

4. An evaluation is given of the diagnostic methods used. Results indicate 
that the examination of perianal scrapings is the only method that approaches 
reliability in the diagnosis of Enlcrobins vennicularis infection. When using 
this method, examinations should be made at several different times before a 
final negative diagnosis is given. 

5. The institutional environment is such that little opportunity is afforded 
for the spread of this infection among patients if it depends on gross pollution 
of surroundings. Enterobius may possibly be spread from person to person 
through contact with soiled clothing, or because of intimate association. Other 
infections that may be present when the patient is admitted, such as ascaris and 
tricliocephalus, will likely be lost without further spread. 

6. Infection with E. vennicularis varies in the different wards. The wards 
having a high percentage of mentally deteriorated individuals have a higher in- 
cidence of infection. 

7. There is little correlation between the type of psychosis and the infec- 
tion other than that the psychosis influences the habits of the individual, in some 
cases predisposing to helminth infection. 

8. There is no marked variation in the incidence of infection with E. ver- 
micularis among the different age groups. 

Tlie author wishes to express his appreciation to Ur. Henry B. Ward for his in- 
terest and encouragement in carrying out this survey and for the many helpful suggestions 
received. Thanks are also due Dr. <5. W. Morrow, Acting Managing Officer of the Kanka- 
kee State Hospital (Hlinois), for placing before me the facilities of the hospital which made 
it possible to carry out this survey. 
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THE INFLUENCE OF CERTAIN LIPOIDS ON THE GROWTH OF A 

RABBIT NEOPLASM* 


Alvin R. Harnes, M.D., New York, N. Y. 


U ARLY in the study of a malignant tumor, isolated from the rabbit by Brown 
*—* and Pearce, 1 two peculiarities were noted. First, metastasis of the tumor 
occurred rarely in the brain or central nervous system of tbe animal. Second, 
the tumor ivould rarely grow from a primary innoculation in the brain of the 
rabbit. Later studies by Harnes 2 showed that animals with a high whole blood 
cholesterol recovered from the tumor, while those animals with low whole blood 
cholesterol died. It was also pointed out in this study 2 that as the tumor pro- 
gressed in growth and metastasis, the whole blood cholesterol determinations 
increased in value. 

With these facts in mind it was thought desirable to study the effect of 
certain lipoid extracts of brain tissue on the growth and metastasis of this 
rabbit neoplasm. 

materials and methods 


The cerebrum, cerebellum, and medulla of calves, aged from six to eight 
months, were obtained and tbe extract prepared within twenty-four hours 
after the animal was killed. After removing the meninges, the' brain tissue 
was finely minced and placed in a liter flask. Three hundred cubic centimeters 
of neutral 95 i per rent C.II.OH tra'c then added and the whole refluxed under 
vaeuun, at ,0 C for one hour. The aleohol teas then drained off and filtered 
A ter removing the aleohol by distillation the residue ivas taken up with earn 
a, snfiieient amount to make a 50 per cent solution o£ lmin Th 

solution will hereafter lie spoken of as brain extract. 

•From tint Department of Pediatrics camett a- - 
York Hospital. matrica. Cornell University Medical College ami the New 
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Tlie rabbits used in this experiment were of mixed breeds and from six to 
eight months of age. They were kept in the same room and given the same 
diet. The 33 animals were divided into three groups: 11 for controls, 10 for 
corn oil, and 12 for brain extract. Prior to the time of innoeulation with the 
tumor, the latter group received 5 e.e. of brain extract subcutaneously on alter- 
nate days until a total of 30 c.c. had been given. The other received 2.5 c.e. 
corn oil in like manner on the same days. On April 15, 1933, all animals were 
innoculated in one testicle with 0.3 c.e. of a tumor emulsion. The animals 
described above continued to receive brain extract and com oil until the ter- 
mination of the experiment on June 12, 1933. On this date all animals were 
killed and autopsied. 


KIDNEYS CONTAINING TUMOR MET A STASES IN PER CENT 
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GROUP KEAN KETASTA3ES 


CONTROL 



CORN OIL 

1 50 

BRAIN EXTRACT 


Fig. 2. 


Fig. 1.- — Group mean metastases. 

Fig. 2.- — Kidneys containing tumor metastases in percentage. 


RESULTS 

The results of the observations made in this experiment are presented in 
the form of tabulated summaries, Table I, and Pigs. 1 and 2. The tabulation 
represents the number of metastases of the neoplasm per animal and includes 
the primary tumor. 

DISCUSSION AND CONCLUSIONS 

Prom the results presented in Table I it will be noted that the highest 
number of metastases occurred in the control rabbits. The mean value for the 
eleven animals in this group was 10.9 + 0.71 with a standard deviation of 3.5. 
The number of kidneys free of tumor in this series was found to be 29 per 
cent (Pig. 2). The volume or amount of tumor was greatest iu these animals. 

Those animals receiving corn oil had the best appearance clinically. They 
maintained a constant weight and were entirely free of snuffles at the termina- 
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Table I 

Number of Metastases per Animal 


11 

CONTROLS 

10 CORN OIL 

1 2 BRAIN EXTRACT 



8 

14 


2 



15 

S 


4 



12 

2 


8 



1G 

o 


1 



12 

5 


7 



12 

G 


2 



9 

5 


4 



4 

C 


6 



15 

G 


0 



8 

3 


3 



9 



1 






3 


Mean 

= 10.9 ± 0.71 

Mean = 5.7 ± 0.73 

Mean 

— 3.8 + 0.48 


St. D. 

= 3.5 

St. D. — 3.25 

St. D. 

= 2.34 



tion of the experiment. The mean value for the ten animals in this series was 
5.7 ±0.73 (Pig. 1) with a standard deviation of 3.25. Fifty per cent of the 
kidneys were free of metastatic tumor. 

The twelve animals receiving the brain extract had the least amount of 
tumor and number of metastases. Clinically these animals were in very poor 
condition, having lost considerable weight, and many were developing snuf- 
fles. The mean value for metastatic tumor in this group was 3.8 + 0.48 with 
a standard deviation of 2.34. Fifty-four per cent of the kidneys were found 
free of neoplasm. 

SUMMARY 

The results of an experiment are presented in which it is shown that an 
alcoholic extract of brain and corn oil retard the growth and metastasis of a 
malignant rabbit neoplasm. The average number of metastases for the con- 
trol animals was found to be 10.9 + 0.71; for those animals receiving corn oil 
5-7 ±0.73; and those receiving brain extract 3.8±0.4S. The standard devia- 
tion for these groups was 3.5, 3.25, and 2.34, respectively. 
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LABORATORY METHODS 


AN EXPERIMENTAL BLOOD SAMPLING PROCEDURE 6 


George S. Samuelsex, B.S.. Brooklyn, N. Y. 


M ETABOLIC studies involving blood chemistry procedures upon rabbits 
have been greatly hampered by the difficulty encountered in obtaining 
the necessary blood samples. It was an attempt to remedy this condition that 
resulted in the development of the following procedure. This method is a 
simplification of one in common use, but has the added advantage of being 
rapid, of being performed without the aid of an assistant, and apparently 
causing but slight damage to the animal. 

Procedure . — The rabbit is allowed to sit unrestrained upon a table. The 
operator’s hands are then placed one on each side of the animal (Fig. 1), in 



Fig. 1. 


such a manner that the location of the heart is clearly defined. Now let the 
index finger of the left hand indicate the point of maximum beat; this is usually 
the fourth interspace. A 23 gauge needle having a one-incli shaft, attached to 
a convenient size syringe, is introduced into the chest wall of the animal at 
the indicated point, in such fashion as to keep the needle and syringe always 
in a horizontal plane. The heart will usually make its location known by the 
intermittent beating against the needle point. Upon introducing the needle 
still further, the wall of the heart is pierced. A slight withdrawal of the 
plunger will cause blood to be drawn into the syringe (Fig. 2). In many in- 
stances it is unnecessary to withdraw the plunger for the pressure within the 
heart will cause an unrestrained plunger to be forced slowly out of the syringe 

•Received for publication, December 31, 1934. 
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by tbe inflow of blood. When the desired amount of blood lias been obtained, 
the needle is withdrawn in the same horizontal plane as introduced. 

Comment . — In order to test the value of this procedure, about fifty rabbits 
were subjected to the treatment outlined above, as often as ten times in one 
day and fifty to sixty times within a six-week period. There was not the 
slightest sign of injury to even a single animal of the entire series. This, com- 
bined with the picture resulting from autopsy of many animals, shows this 
method to be practical and worthy of recording. 



Fig. 2. 



Fig. 3 . 


In many cases, the needle was introduced into the heart as described and 
the animal killed in order fully to describe the point of penetration In all 
cases there was no indication of hemorrhage. The points of introduction of the 
needle were completely closed. In all eases the needle pim-eed the left ventricle 
at a point on the base of the heart between the interventricular line (A Pi. 
3), and the circumflex branch of the left coronary arterv (B Fi. s\ ’ ry°' 
section of the heart showed that the needle ontmWt t A ’ . ' Jls ' 

the phpilWy .mtttcle, h,„ below the m H„, ‘" C “ 
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The success of this procedure lies primarily in the following facts: (1) 
The rabbit being in the sitting position presupposes a normal and almost con- 
stant. location of the heart. (2) The introduction of the needle from the left 
side of the animal ensures the needle striking the left ventricle. (3) Besides 
striking the heart at the point where the muscle wall is thickest the ventricle 
itself at this point has the greatest depth, thus allowing the maximum variation 
extent to which the needle may penetrate, without piercing the interventricular 
septum. This control of the extent to which the needle is introduced is further 
checked by using a needle of standard length. 

The author takes this opportunity of expressing his sincere appreciation to l)rs. Matthew 
Steel and G. B. L. Smith for their kind interest and suggestions. 


ON A NEW MODEL OF PIPETTE FOR THE ERYTHROCYTE 
SEDIMENTATION TEST* 


Gilberto G. Villela, Rio de Janeiro, Brasil, S. A. 


IN THEIR research work Faraeus and numerous other investigators have shown 
the value of the relative erythrocyte sedimentation rate in connection with in- 
fectious diseases, especially in tuberculosis and leprosy. Since then many dif- 
ferent types of instruments have been brought out for measuring the speed of 
sedimentation. 

Linzenmeier adopted as a measure, the time which the erythrocyte column 
takes to sink as far as IS mm. in a tube of special width. This technic did not 
prove practical, especially in cases where the sedimentation was very slow, thus 
causing considerable loss of time. 

The pipette recommended by Westergren is more accurate, and with it 
readings can be taken every hour, thus making it possible to plot the curve of the 
drop of the blood corpuscle volume during the time of the procedure. 

Westergren ’s first model consisted of a glass tube of even thickness, to 
which a ruler, scaled in millimeters, was fixed and through which the corpuscular 
column, inside, could be read. Later, more nearly perfect tubes for direct reading 
were made, having the graduations marked on the glass itself. The greatest draw- 
back of these models was the difficulty in keeping the blood column from leaking 
through the lower end of the tube. The hematocrit tube is always accompanied 
with a wooden support or pedestal to which a metal plate is fixed, for the double 
purpose of keeping the' tube in an upright position and preventing the blood 
from escaping. But even with very careful handling, it was difficult to ascer- 
tain the level the blood had reached, and at the same time prevent its leaking 
out at the lower end of the tube. 


•From the Oswaldo Cruz Institut. 
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Adler recently tried to correct these deficiencies by fitting a piece of rubber, 
shaped like the finger of a glove, on the upper part, which also acted to retain 
the blood, by suction. 

The Adler pipette widened out at the upper end and was fastened to a 
rest or prop by means of two side hooks which compressed the rubber band, to 
stop the blood from escaping. 

In this description, we are proposing a new and simplified model, which is 
easily handled and which appears to us to overcome, and do away with all the 
defects of former types. 



Fig. 1.* — Sedimentation pipette. 


Our sedimentation tester is composed of a tube similar to Westergren’s that 
is, it is the same in width and also scaled to millimeter, but it has a tap attached 
to the upper end, which allows perfect control over the levelling of the contents' 
of the tube, so that both Westergren’s pincers as well as Adler’s fitting of 
TObto be disposed witli (see Fig. 1). Besides this it may be noted' how 
easdy the pipette can be operated. It eau be emptied at will a, d regelated by 
ii mere tun. of he tap.- The p,pettc is kept upright in a little wooden “and 
with a small hole m it, which adapts itself perfcetlv in - ■, „ a 

richer hand o„ the edge of the rin! in which X the’ia °' “ 

’■ P ” n, 
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The readings can be taken exactly as with Westcrgren’s apparatus, and 
the results may be compared because the diameter and the scaling of the tube 
are identical. 

The teelmic for the determination is simple: 

Place 0.1 c.c. of a 15 per cent solution of neutral potassium oxalate in a test tube, 
and then dry it carefully by holding it over a flame. Draw, by venipuncture, 5 c.c. of blood 
and introduce it immediately into the tube and shake it slightly. Draw blood up in the 
pipette to a little above the sign 0, and turn the tap off. Fix the level with a little move- 
ment of the tap and wipe away the blood from the outside wall of the tip of the tube with a 
piece of filter paper. A concave meniscus forming at the lower end of the pipette, will show 
that the shutting off by the tap was absolutely successful. 

Now place the pipette upright on the opening of the wooden block and make readings 
at one, two, six and twenty-four hours from the time the blood was drawn. 


A NEW DEVICE FOR OXYGEN ABSORPTION IN GAS 
ANALYSIS APPARATUS® 


F. S. Cotton, D. Sc., Boston, Mass. 


I T IS doubtless the experience of all workers in the field of gaseous metabolism 
that potassium pyrogallate solutions are frequently found to be unduly slow 
in absorbing oxygen, so necessitating the tedium of many trips to the absorp- 
tion pipette, t 

Further, the adoption of the Krogh type of absorption pipette where greater 
reliability of analysis is in question, accentuates still more this tedium. The 
Krogh pipette (series of pear-shaped guttered bulbs) is shown in Fig. 1, A. 
This pipette eliminates the risk of entangling small air bubbles by increasing 
liquid surface without resorting to the original series of hollow internal tubes, 
but in abandoning the latter, sacrifices an extensive amount of useful surface, 
and so lengthens (relatively) the absorption process. 

This drawback to the Krogh improvement has stimulated the production of 
various devices to obviate the trouble. All of these involve at least, sufficient 
complexity to increase distinctly the expense of manufacture, while the presence 
of moveable parts in some involves in addition the possibility of clogging with 
use, or of occasionally entangling a small gas bubble. Nothing but very exten- 
sive use could yield a pronouncement on the latter points. Shepherd, Martini, 
and Margaria have each described devices for the purpose in question. 

The justification for yet another device is that it is simple of construction, 
works automatically, and having no moveable parts, cannot become clogged or 
entangle air bubbles. 

•From the Fatigue Laboratory, Morgan Hall, Harvard University. 

Hecelved for publication, January 16, 1935. 

tThere is nothing in the literature to account for this irregular behavior, and research 
instituted along the lines of catalysis with the object of hastening the process has so far been 
fruitless. 
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The objects of the present design are : 


1. To extend the stay in the pyrogallate of the. last half of the air which visits it, which 
half is, of course, normally the first to return. 

2. To promote the amount of contact between gas and fluid surfaces in the pipette. 

3. To keep fresh pyrogallate flowing over the glass surfaces, which typically drain only 



fib. l.—A, ICrogh pipelte. B, modified device for 20 c.c. gas machine n 

10 c.c. gas machine. ' 


modified device for 


to Fig” 1 " ay iU WhiCh lhCSC ° bjCCt ' S arc atlaiucd niay bc illustrated by reference 

The first object is secured as follows: As the a 

Idpelte (Pig. 1, «), the pyrogallate is driven ™ ic khM If 0 ‘5° 

lillti! than through the series ot hulhs, since tile constrict in 3 -I ” ' U; s,de 
resistance to flow. Approximately when the first | n tf „ ■ ' ' ' own offers mo, ' e 

the pipette, i, has begun pass ihrottgh l‘,a "'.T ■ f“ C '"° rCd 

most of the second half portion is thus manipulated l i° Sld ° lU,)e ’ so that 
fnre^ret rents after i, when the gas is wi^"^^ "* ' W 

ilniltmcV 'S'urUicrrthc^ncchtinicai'™^ b “ 1 f bK wlilch are designed to restrict 
..mtiysls is a pn.cticni proof of the « 0l ,-- ir CarpenUr 
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The second object is secured in two Mays.- (a) When ilic second half 
portion of gas enters the main body of the pipette by the lower end of the side 
tube, the gas bubbles up through the fluid, so securing optimal physical con- 
tact. Moreover as soon as a cubic centimeter or so collects there, it is sprayed 
from above by the descending jet of pyrogallate traveling fast through con- 
striction. (b) When the withdrawal of gas commences, the pyrogallate is very 
quickly drawn back up the side tube, and, spilling over into the gutter of the 
top bulb descends as a curtain of fluid all round as the air retreats, thus bringing 
fresh fluid into contact with this air. 

It remains to quote precise facts about the relative efficiency of this device 
in comparison with the original K rogh system of bulbs. 

This comparison was made by using the same solution of potassium pyro- 
gallate to absorb the oxygen from samples of air in each of the pipettes in ques- 



Fig. 2. — A, Krogli Pipette. 7?, Present device. 


tion. The number of trips to pyrogallate requisite to absorb completely the 
oxygen was ascertained in the following manner. In the case of each sample 
of air, of approximately the same initial volume, a certain number of trips (n,) 
were made to the pyrogallate and the resultant volume observed. A further 
number of trips was then made in excess of the number required for complete 
absorption of the oxygen, and this resulting volume also was recorded. On 
repeating this procedure a number of times, sufficient data were obtained to 
plot the residual volume of oxygen (difference of the reduced readings on the 
buret) against the initial number of trips to pyrogallate (n,). 

Fig. 2 shows the result in the ease of a Krogli pipette for absorbing oxygen 
from a 20 c.c. sample of air, and in the ease of the present device. 

The graph shows that whereas with the unmodified Krogli bulbs the neces- 
sary number of trips to pyrogallate was more than thirty, the number required 
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in the case of the present device was fifteen. Hence, this device cuts down, the 
number of trips to approximately one-half. The same procedure was also 
adopted in comparing the Krogh pipette of a 10 c.c. Haldane apparatus with 
the device in question of appropriately reduced size. In this case the increased 
efficiency is not so great as when larger volumes are concerned, the number of 
trips to pyrogallatc being reduced to three-quarters in comparison with the re- 
duction to one-half in the first case. 

The requisite diameters of side arm and constriction had, of course, to be 
determined by trial, so that the optimal result was obtained only after a num- 
ber of experimental pipettes 0 had been constructed, in which these measurements 
were suitably varied. 

The dimensions found suitable for the pipettes of the two sizes discussed 
in the text are given below, the diameter in each case being the internal 
diameter. The same dimensions apply to both pipettes which differ in the num- 
ber of bulbs and position of the constriction. 

Bulb dimensions — 


Neck of bulb 
Maximum width 
Height of bull) 

Side tube 
Constriction 

Capillary tube above bulb— 

Leading from rest of apparatus 
Short length above top bulb 


diameter 4.0 to 5.0 mm. 
diameter 19.0 to 20.0 mm. 

15.0 to 10.0 mm. 
2.0 to 8.1 mm. 
diameter 2.3 to 2.4 mm. 
length 14.0 to 10.0 nun. 

diameter l.S to 2.0 mm. 
diameter 2.0 to 2.8 mm. 


The longer linear dimensions are deducible from the attached scale of 5 cm, 


SUMMARY 


A device is described for use in gas analysis machines to render more efficient 
the contact of gas and fluid in absorption pipettes, and so to reduce the number 
of trips necessary for complete absorption of the gas analyzed. 

By this means the number of trips may be reduced to one-half or three- 
quarters that which is normally necessary for the type of pipette in current use 
for accurate quantitative absorption of oxygen by potassium pyrogallate the 
extent of the saving being greater where larger volumes of gas aixTeoncerned. 
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A GENERALLY APPLICABLE METHOD FOR THE ENUMERATION 
OF MICROSCOPIC OBJECTS* 


A. C. Fay, Pii.D.. Manhattan, Kan. 


IN THE various fields of scientific investigation it is frequently desirable to 
* enumerate microscopic objects sucli as bacteria, yeasts, mold spores, blood 
cells, intestinal parasites or their ova, protozoa, etc. Some of these forms may 
best be seen with the low power, others with the high dry or the oil immersion 
objectives of the microscope. Fayt has suggested a method using the oil immer- 
sion objective for the enumeration of bacteria, the general principles of which 
may easily be adapted for general use with the other objectives of the microscope. 
The method is as follows : 

Place 0.1 ml., or 0.1 gm., of the specimen to be examined on a chemically 
clean 3 by 1 inch glass slide. Quantitatively diluted specimens may be used. 
If necessary to facilitate spreading, a few drops of water, stain or other liquid 
may be added to the slide; this need not be included in the calculation of 
quantitative dilution of the original specimen. After spreading the specimen 
evenly over the entire area of the slide, the preparation may be dried, fixed and 
stained by a suitable process or examined in a wet unstained condition, depend- 
ing upon the nature of the material. Tiie size and number of the objects to be 
counted will determine which objective of tbc microscope should be employed. 

With the aid of a stage micrometer, adjust and record the tube length of 
the microscope which will give diameters of 1.57, 0.351, and 0.157 mm. for the 
fields of the low power, high dry, and oil immersion objectives, respectively. 
The areas of the respective fields will be 0.003, 0.00015, and 0.00003 square inches 
which represent 1/1,000, 1/20,000, and 1/100,000 of the area of the slide. Ob- 
viously if 0.1 ml. of the specimen is employed, the average number of objects 
counted per field should be multiplied by 10,000, 200,000, or 1,000,000 as in- 
dicated in Table I to give the count per milliliter. If more or less than 0.1 ml. 
of sample is used, suitable adjustment of the factor can be made. In order to 
insure a fair count, representative fields at widely separated parts of the slide 
should be selected at random. 

In certain types of work it is more convenient to count the total number 
of objects in a continuous strip across the short dimension of the slide. In this 
case if the diameters of the fields for the three objectives are adjusted to 1.52, 
0.381, and 0.152 mm., respectively, the areas of the corresponding strips represent 
1/50, 1/200 and 1/500 of the entire area of the slide. As indicated in Table 
II, when 0.1 ml. of sample is employed, the total number of objects counted 

•From the Kansas Agricultural Experiment Station. 

Received for publication. January 31, 1335. 
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in one strip should be multiplied by 500, 2,000, or 5,000 to give the number per 
milliliter. This method obviates the necessity of keeping a record of the number 
of fields observed, but it should be employed only when the slide is moved by 
means of a mechanical stage. The diameters suggested in Tables I and II 
usually can be obtained with a 10X ocular. 

It is frequently advantageous to insert into the eyepiece an ocular disc 
marked into quadrants and with one circle slightly smaller than, and concentric 
with, the microscopic field. If the ocular disc is used, the diameter of the con- 
centric circle rather than of the whole field is adjusted as indicated in Tables 

Table I 

Factors for Converting the Average Number of Objects Per Field Into the Count Per 
Milliliter When 0.1 ml. Sample Is Employed 


objective 


DIAMETER OP FIELD 
IN MILLIMETERS 


FACTOR 


Low power (16 mm.) 1.570 10,000 

High dry (4 mm.) 0.351 200,000 

Oil immersion (1.9 mm.) 0.157 1,000,000 


Table II 

Factors for Converting the Total Number of Objects in a Strip Across the Short 
Dimension of a Slide Into the Count Per Milliliter Wben 
0.1 ml. Sample Is Employed 


objective 


diameter of field 
in .millimeters factor 


Low power (16 mm.) 
High dry (4 mm.) 

Oil immersion (1.9 mm.) 


1-524 500 

0.381 2,000 

0-152 ' 5,000 


I and II. A 6.4X ocular is most suitable for this purpose. The use of the ocular 
disc restricts the vision to the center of the field and eliminates from considera- 
tion the periphery’ where definition is frequently indistinct. 

The method is being presented because it is believed that the fundamental 
principles involved and the values for standardization of the microscope may 
be useful in a number of fields, of scientific work. Details of the procedure for 
the preparation of slides, the choice of volumetric or gravimetric samples the 
extent of dilution, the staining, etc., which would make this method of enumera 
tion directly applicable to the work of the bacteriologist, parasitologist mycol 
ogist, pathologist, and others necessarily will be different for each specific use 


THE DETERMINATION OF LTPID PHOSPHORUS* 


Alcohol Ether Soluble Phosphorus 


Frances Krasnow, Ph.D.. A. S. Rosen, D. Piiai:., and Y. Porosowska, 

New York, N. Y. 


T ONG-CONTINFED use of the method of Krasnow and Rosen 1 for the de- 
■*— J termination of lipid phosphorus! lias resulted in the introduction into the 
original process of certain modifications. These are embodied in (lie present 
communication. 

It has been found advisable to discard the gas-heated oven, owing to the 
practical impossibility of maintaining a sufficiently constant temperature 
with the gas as supplied in certain localities. The condition was corrected by 
the use of an electric oven, in which it was found that a temperature range of 
approximately SO to 90° gives very satisfactory results, provided that the acid 
fumes be allowed to escape at such a rate that a considerable proportion of 
them is always present. This is accomplished in a 15 by 16 by 12 inch oven 
especially constructed to withstand the acid fumes.f With this equipment, ten 
samples (but no more) may be oxidized at one time; the reaction is complete 
in sixteen to eighteen hours. The effect of the above change is illustrated by 
figures shown in Table I, showing the number of milligrams of lipid phosphorus 
and lecithin^ calculated from the phosphorus value recovered from 100 mg. of 
commercial lecithin and 100 c.e. of whole blood respectively. 


Table I 


SAMPLE USED 

GAS 

OVEN 

ELECTRIC OVEX 


p 

Lecithin 

P 

Lecithin 

1 c.c. of coinmereinJ Lecithin solution 

2.27 

50." 

2.84 

71.0 

(0.1% in alcohol) 

2.27 

50.7 

2.80 

71.5 


2.24 

50.0 

2.82 

70.5 

0.5 c.c. of whole blood 

0.50 

23S.0 

10.4S 

202.0 


S.56 

214.0 

0.00 

225.0 


S.00 

200.0 

10.2S 

257.0 


Since some of the measurements in the original technic have been changed, 
the details arc here supplied: 

Blood (0.5 c.c.) is pipetted into 10 e.c. of an alcohol-ether mixture (3:1) con- 
tained in a 50 c.c. volumetric flask, preferably fitted with a glass stopper, and 

♦From the School for Dental Hygiene, Guggenheim Dental Clinic, and the Department of 
Dermatology and Syphilology at the New York Post-Graduate School and Hospital. 

Received for publication, January 3, 1935. 

f ‘Lipid phosphorus** is used throughout this paper to indicate the alcohol ether soluble 
ohosphorus. The amounts of other phosphorus compounds which might appear in the alcohol 
ether extracts of the fluids studied have bren stated to be negligible. 

tThe construction of this oven was made possible through the cooperation of the Electric 
Heat-Control Apparatus Company, Newark, New Jersey. 

^Although commercial lecithin is not pure lecithin, it served as a good working material 
since we used it for comparative purposes only. 
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brought to boiling by immersion in a water-bath. Digestion is continued for 
about three minutes. After cooling, alcoliol-etlier is added to the 50 c.c. mark 
and the whole shaken vigorously. The filtrate (25 c.c.) is transferred quanti- 
tatively to a casserole of 150 c.c. capacity and evaporated to dryness over a 
water-bath. Then 10 c.c. of HN0 3 (sp. gr. 1.42) is added and the dish rotated in 
suel\ a way that the acid loosens the dried extract from the sides. One-tenth 
cubic centimeter of H 2 S0 4 (sp. gr. 1.84), 5 c.c. of KC10 3 (saturated solution) 
and 4 c.c. of a mixture of saturated KNO a and a saturated solution of 
NaNO s (1:1) are introduced. The casserole is placed in the oven at 80 or 90° C. 
and digestion continued until the mixture becomes white. A safe interval is 
eighteen hours. The white crystalline residue is dissolved in water by heating- 
over a small free flame and transferred to a centrifuge tube (15 c.c.). Including 
at least two washings, the total volume should not exceed 10 c.c. 

Following the Tisdall method 2 the phosphate is precipitated with 1 c.c. of 
the strychnine-molybdate reagent and agitated three times during fifteen min- 
utes. After being centrifuged for three minutes at high speed, 1,600 r.p.m., the 
supernatant fluid is decanted and the precipitate washed twice with water, each 
time centrifuging at least one minute, 1.0 c.c. of NaOII (1 per cent) is added and 
stirred until solution is complete. This is diluted with water to about 5.0 c.e. 
and transferred to a 50 c.c. volumetric flask fitted with a glass stopper. The 
centrifuge tube is washed twice with water, using 5.0 c.c. each time, and the 
washings added. Ten c.c. of Iv 4 FeCN 0 solution (20 per cent) and 5.0 c.c. of HC1 
(sp. gr. 1.18) are introduced. The mixture is allowed to stand for ten to twelve 
minutes and made up to volume with water. Readings are made immediately 
against a phosphate standard, prepared as directed by 'Tisdall. The formula 
for calculating the lipid phosphorus, P, in 100 c.c. of whole blood is: P == 
20/R x 10 where 20 is the reading of the standard and R is the reading of the 
unknown. To obtain the corresponding “lecithin” content, the value of P is 
multiplied by 25. 

Tests have shown that the blood may be kept overnight in the ice chest 
and the procedure outlined above may be conveniently interrupted at any point 
except after the addition of the concentrated IICl. 


One of our previous reports on lipid phosphorus contended that “test tube” 
oxidations should be discarded. 3 -’ 0 However, it was felt that with the technic 
of Zahnd and Clarke for manipulating such oxidations in the determination of 
sulphur,” reproducible results might now be obtained. As in the oven method 
1 c.c. samples of a solution of commercial lecithin (0.1 per cent in alcohol! 
were used. The average recovery for four series of estimations were 2 64 
2.92, 2.68, 2.80 mg. P per 100 c.e., respectively, with a final average of 2 76 nm’ 
which compares well with 2.84 mg. The steps in the procedure after oxidation 
were those adopted for the oven method previously described OXldatlon 

These dal a become more significant when we comiv.vo 
obtained on tW same solniion by 0 . 1 *, mctltoda recently recommcn&d toy S 

srtTw h ,,rjsrr ,;:~r r r s 

2.S5 recovered. ' to omitted, 
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The comparison is presented in Table II. 

Some of these methods were then compared as to their efficiency in the de- 
termination of lipid phosphorus in whole blood. Here, too, the results may be 
best presented in tabular form (Table III). 


Table II 

Air.. Lipid Phosphorus Recovered by Employing Different Methods 



B EXEDICT- 

THEIS 

IHjOOK 

2AHXD- 

CLAKKK 

KUASXOW- 

ROSEX 

pregl” 


2.07 

0.50 

2.04 

2.S4 

2.90 


1.S3 

0.SQ 

2.02 

2.SG 

2.90 




2.07 

2.S2 





2.S1 

2.90 


Average 

1.95 

0.50 

2.70 

2.SG 

2.90 

Remarks 

Determination 

Extraction 



5 e.e. was used 


from another 

steps omitted 


in these de- 


laboratory 

2.00 



terminations 


yielded 1.55 

3.11 





Note: Each of the above tigurcs is an average of a series of determinations. Since 
commercial lecithin is impure, it may be wise for comparison purposes to use the result ob- 
tained by the Pregl method as 100 per cent and refer all figures to that as a standard. The 
per cent yields of phosphorus for the several procedures are respectively 07.3, 20.7, 95.1, 
95.5, and 9S.3 per cent, taken in the order given in the table. 


Table III 

Mg. Lipid P Recovered from Blood by Different Methods 


number of 

BLOOD 

BKNEDICT- 

TIIEIS 

BU 

USING 

iiloor equivalent 

1 MG. LECITHIN = 
3 C.C. N/10 KIO, 

>OK 

USING 

author's equiva- 
lent 

1 MG. LECITHIN = 
2.8 C.C. N/10 KIO, 

KRASXOW- 

ROSEN 

304 

1S4 

230 

253 

207 

3G5 

190 

205 

220 

°42 

3GG 

201 

211 

225 

252 

307 

170 

220 

232 

270 

308 

230 

206 

278 

315 

309 

173 

212 

227 

267 


Although the results obtained by Bloor's method check those obtained by 
tlie Krasnow-llosen technic quite well, there must be some compensating 
mechanism involved. As was previously shown, when a solution of commercial 
lecithin was treated as though it were blood and carried through all the steps 
in the procedure, the recovery was only 22 mg. 0.8G phosphorus, whereas when 
the extraction part of the method was omitted, the yield was 2.85 mg. P. It seems 
then, that other substances are extracted from the blood and when oxidized, 
tliev compensate for the loss of alcohol-ether soluble phosphorus. 

From our study, thus far, it appears that the oven method is to be pre- 
ferred for routine work. The results are more accurately reproducible. Al- 
though the Zahnd-Clarke technic also yielded similar average figures, the procc- 
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dure requires more attention, so that for a large number of determinations, the 
former saves much time, both during the oxidation and during the evaporation 
of the alcohol-ether extract preparatory to oxidation. 

With slight modifications involving volume adjustments, our teehnic has 
proved applicable to analysis of lipid phosphorus in spinal fluid and saliva, and 
total phosphorus in casein. Analyses of amounts lower than 0.1 per cent have 
been duplicated with a good degree of accuracy. A glance at the data given 
in Table III will illustrate this. 


Table III 

Duplicate Analyses 


SUBSTANCE 

MG. PER CENT 


AVERAGE 


Casein 

0.7 S 

0.83 

0.81 



0.76 

0.76 

0.76 


Spinal fluid 

0.024 

0.023 

0.024 


0.023 

0.024 

0.024 


Saliva 

0.125 

0.130 

0.128 



0.360 

0.390 

0.375 



Furthermore, although several thousand analyses have been made during 
the last three years the oven used shows no effect of acid corrosion. 
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VITAL STAINING OF MALARIAL PARASITES* 


A Preliminary Note 


V. P. Sydexstrickrr, M.I)., and G. P. Vryoxis, M.D., Augusta, Ga. 


A LTHOUGH the method to be described undoubtedly is known to many, no 
1 reference to it appears in the American or English literature. Malarial 
parasites stain readily with the so-called vital stains. Boucher 1 - 2 has called 
attention to the usefulness of neutral red and Janus green in the study of the 
cytology of these organisms. Akashi" has also used this method, but his article 
is not available for reference. For some ten years the senior author has used 
vital staining with brilliant cresyl blue for demonstration and study of the 
malarial parasites. While making reticulocyte counts on malarial blood, Vryonis 
noted that marked changes in the appearance of the parasites and in their dis- 
tribution in reticulocytes occurred after the initiation of quinine therapy. 

Other vital stains have been studied. Neutral red colors the cytoplasm an 
irregular pink, the chromatin orange red, but the contrast is poor, and the 
method offers little advantage over unstained wet preparations. With Janus 
green the parasites stain pale bluish green, the mitochondria a more intense 
green. With mixtures of these stains such as arc used for the study of leucocytes 
the appearances described are superimposed. With dilute Wright’s stain dried 
on slides and used as a supravital stain, the contrast is exceedingly poor. With 
all three of the above methods, staining is so faint that it is of little aid except 
to an observer adept in vital staining and in the study of malarial parasites. 
Brilliant cresyl blue has the advantages of intense staining with fair differentia- 
tion of cytoplasm and nuclear material and of relatively low toxicity for the 
parasites, though it is more toxic than neutral red. Any technic which gives 
good reticulocyte staining will give satisfactory results with malarial parasites. 
The one which has proved most satisfactory in our hands is the following: 
Using glass prepared for vital staining a small drop approximating 2 c.mm. 
of saturated solution of brilliant cresyl blue in sterile physiologic salt solution 
is placed on a slide, a slightly smaller drop of blood is taken on a coverslip and 
dropped directly on the stain. The preparation is ringed with soft petrolatum. 
Staining is almost instantaneous, and the parasites remain alive for upward of 
two hours on the warm stage. Cytoplasm stains irregularly, presenting a coarsely 
stippled appearance, pale blue with slightly darker areas; chromatin is dark 
blue; pigment is readily visible. 

Marked differences are seen between P. vivax and P. falciparum. The 
merozoites of P. vivax appear as pale blue pyriform objects with a single dark 

' Vprom the Department of Medicine, University of Geoisia School of Medicine. 
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blue granule in the smaller end. On attachment, to an erythrocyte a pressure 
halo is visible for some time, and 1 he parasite may be seen to move about on the 
surface of the cell. After entry to the red blood cell has been effected, an 
extraparasitie vacuole soon develops, and there is active ameboid movement. 
The extraparasitie vacuole persists through all stages of development. With 
age the dye is increasingly absorbed so that tertian parasites over twenty-four 
hours old are striking objects. Seliizonts arc easily recognized though no 
definite nuclear structure can be made out. garnet ocytcs are readily identified, 
and in favorable optical planes the nucleus is readily seen. All stages of P. 
falciparum stain less intensely. Merozoites are smaller and more rounded, and 
on attachment to an erythrocyte they soon protrude a single blunt pseudopodium 
(Fig. 1, 11). After entering a red cell, an extraparasitie vacuole is absent or 
exceedingly small, and ameboid movement is sluggish. So-called marginal 
forms show pseudopodia veil embedded in the erythrocyte. Twenty-four-hour 
pigmented forms show many very small pseudopodia and occasionally a minute 
extraparasitie vacuole (Fig. 1, Ji). Mature schizoids have been observed but 
not under conditions when sketching was possible. The gametes stain char- 
acteristically (Fig. 1, 15, 16). Flagellation of microgametocytes has been ob- 
served in both species described. No opportunity has been afforded to study 
P. malariac. After death parasites of both species “round up ' ' and show much 
the same morphology seen in stained dry smears. 

x\ftor the initiation of quinine therapy in both species, ring forms have been 
found in nonreticulatcd erythrocytes only. The significance of this observation 
and its possible relation to Eaton V hypotheses that the effect of quinine is on 
the parasites of greatest age and that the erythrocyte is susceptible to infection 
with malaria only during the reticulocyte stage, are subjects of present study. 
Under quinine the gametes of P. falciparum show striking changes in appear- 
ance, staining is more even and intense, the parasites arc smaller, and their 
shape is distorted. Critical studies of the gamctocytes of P. vivace under therapy 
have not been made. 

The method offers certain advantages for demonstration and for the study 
of the malarial parasites. The organisms are well stained and easily recognized. 
They may be observed during life much more readily than in unstained fresh 
preparations. The morphology of the species under observation is easily dif- 
ferentiated by persons not trained in parasitology. The intracorpuseular loca- 
tion of parasites past the merozoite stage can definitely be demonstrated. It is 
likely that the method will facilitate study of the relation of parasites to reticulo- 
cytes and also of the mode of action ot antimalarial drugs. 
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PUNCTURE OF THE INTERNAL JUGULAR. VEIN FOR 
DIAGNOSTIC PURPOSES* 


Justin J. Stein, M.D., Cincinnati, Ohio 


T HE procedure of removing blood from the internal jugular vein is simple 
and apparently without danger. It would appear that while used in several 
clinics it might be more widely employed. While it is adaptable to patients of 



Els- 1 - — Illustration showing internal jucular vein hn vi»u* „ , „ 

tlie needle enters the v oV iS ’(Spanc)ml 2 re , PreSentS tUe :U "’Uich 


all ages, it is particularly valuable m infants in whom, esoechllv wlmn 
dehydrated, it is difficult to find superficial veins which' are V '' 
for the withdrawal of blood. * hlch are readll .v accessible 
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TECIINIC 

Either internal jugular vein may be used, the right being preferable since 
it is slightly larger and lies in a more favorable position. The patient is placed 
on his back with the head lowered over the side of the bed or the end of the table, 
so as to outline properly the sternocleidomastoid muscle and the external jugular 
vein. Ilis head is turned as far as possible to the side opposite that on which 
the vein is to be punctured. The neck is painted with iodine which is subse- 
quently removed with alcohol. The lobe of. the ear should be similarly treated. 
A long needle with a small lumen, preferably a 20 gauge needle 2 inches in 
length, is attached to a syringe and, with the sternocleidomastoid muscle clearly 
outlined it is introduced just posterior to the point where the external jugular 
vein crosses this muscle at its posterior border. If the external jugular vein is 
not visible, the needle is then introduced at the junction of the upper and middle 



Fig. 2. — Showing the starting point of the insertion of the needle under the sternocleido- 
mastoid muscle Dotted line represents the direction which the needle takes under the muscle 
toward the sternal notch. 


thirds of the posterior portion of the muscle. When introduced, the needle 
should be in a position almost parallel with the muscle and posterior to it but 
inclined inward so as to point toward the sternal notch. If the wall of the vein 
is not punctured when this procedure is followed, the needle may then he intro- 
duced almost its entire length, and, while withdrawing it slowly, gentle suction 
be made until the lumen of the syringe fills with blood. 

The anatomical considerations of the internal jugular veins are demon- 
strated in the illustration. The glossopharyngeal and hypoglossal nerves pass 
between the artery and the vein; the vagus descends behind the artery and the 
vein and in the same sheath. At the root of the neck the internal jugular vein 
unites with the subclavian to form the innominate vein. The nerves are pushed 
aside if the needle is thrust in their direction, and no harm results. When the 
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needle is introduced almost parallel with the sternocleidomastoid muscle and 
kept just beneath it, no other structure will be interfered with. Myerson, 
Halloran and Hirsch 1 state that transfixing the walls of the jugular vein or of 
the internal carotid artery is not harmful, since they have repeatedly examined 
the vessels by open inspection after multiple punctures had been done. 

CONTRAINDICATIONS 

There arc apparently no contraindications except infection in the neck or 
tumor masses in this region. 

SUMMARY 

It is recommended that puncture of the internal jugular vein be used more 
frequently for diagnostic purposes. In employing this procedure in over 1,000 
instances and often in the same subject on several occasions no difficulty of any 
sort has been experienced. 


■Myvrpcm. lialloran. anil Hlrrcli; 


Arch. Neurol & P.ychlat. 17: S07. 1927 
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POLIOMYELITIS, Acute Anterior, Successful Vaccination Against, Kolmer, J. A., and 

Rule, A. M. Am. J. M. Sc. 1S8: 510, 1034. 

The vaccine used by Kolmer was prepared as follows: 

1. Healthy adult Macacos rhesus monkeys, weighing 4 or more kg. of weight, were 
inoculated intrncerebrally (frontal lobe) with O.L’ c.e. of a 5 per cent emulsion of monkey 
poliomyelitic cord (Rockefeller Institute strain) under ether anesthesia. 

2. Symptoms of poliomyelitis usually developed in five to nine days and immediately 
after death, or when the infection was very severe, the hair was sprayed with 5 per cent 
tricresol solution and the skin over the head and back removed. The cords were then 
removed under aseptic precautions after the method of removing spinal cords from rabbits 
in the preparation of rabies vaccine by the original Pasteur method and S gm. of a mixture 
of several cords thoroughly emulsified aseptic-ally in 100 c.c. of sterile physiologic saline 
solution. 

3. After fine-mesh filtration under aseptic conditions there was ndded an equal 
volume of a sterile 2 per cent solution of sodium ricinolcatc in saline solution. 

4. This gave a 4 per cent suspension of mixed tissue in 1 per cent sodium ricinolcatc. 

5. The mixtures were well mixed and placed in nn incubator at 37° C. for twenty-four 
hours and then in a refrigerator at 4° to G° l-\ for fourteen days with daily shaking for a 
few minutes. 

6. Subcultures were made and the \aecines kept in the refrigerator throughout the 
year. Even though sodium ricinolcatc is of low bactericidal activity, the authors have 
found that the final concentration of 1 per cent is usually sufficient for sterilizing the 
vaccines when slight contamination had occurred in the removnl of some of the cords and 
the preparation of the emulsions. 

The authors have taken 0.5, 1.5 and 2 c.c. of the vaccine by subcutaneous injection 
every five days. The injections were accompanied by some stinging pain, especially after 
the first but less after the second and third injections, which quickly subsided, but there 
was little or no local reaction except in the 2 c.c. doses when the local reactions were 
comparable to those produced by the subcutaneous injection of rabies vaccine. Fever 
and constitutional reactions, however, were not produced, and, while they have found 
large doses of sodium ricinolcatc by intramuscular injection capable of producing some 
tissue necrosis in rabbits, yet such were not produced in themselves by even 2 c.c. amounts 
of this poliomyelitis vaccine. 

Fortunately for these experiments their blood sera before inoculation were free of 
antiviral properties, as determined by mixing 0.2 c.c. of serum with 0.2 c.c. of 5 per cent 
suspension of virus and injecting the mixture, after standing two hours, intracerebralJv 
into two monkeys. Both animals developed poliomyelitis in about seven days. 

That the 3 doses of vaccine produced antiviral antibody was shown, however, by 
repeating the test two weeks after the last dose of vaccine, when two additional monkeys 
inoculated intracerebrally with a mixture of 0.2 c.c. of serum and 0.2 c.c. of 5 per cent 
suspension of virus allowed to stand for two hours, remained perfectly well , whereas a 
control inoculated with virus alone developed paralysis in six days and finally succumbed. 
These results have shown, therefore, that the vaccine -was apparently capable of producing 
antibody for the poliomyelitis virus and probably sufficient for engendering immunity. 

It appears that this is the only effective method for determining whether or not 
a vaccine is capable of engendering immunity against poliomyelitis in human beings, 
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because an injection of virus ns n test for immunity as done with monkeys is, of course, 
not permissible, and to vaccinate a group of children to determine over a period of years 
how many, if any, develop poliomyelitis as controlled by the incidence among a group of 
unvaccinated individuals would require the immunization of a very large number in the 
presence of an epidemic. The scrum-antiviral test before and after vaccination, however, 
may be a quicker and more decisive test for acquired immunity, and especially when 
conducted with children, who arc not as likely to have natural antiviral antibody in their 
sera. 

Since these vaccines never produced the slightest evidence of infection in the 
monkeys or the authors, and believing that the amount of sodium ricinoleate employed 
effectively reduces the virulence of the virus, they are at present vaccinating a group 
of children varying in age from eight months to fifteen years. .These have been selected 
after preliminary antiviral tests with monkeys have shown the absence of antibody in the 
sera. Three doses are being given at weekly intervals with monkey antiviral tests with 
the sera of some children after the first and second doses and with the sera of all children 
after the third dose in order to determine the rapidity of antibody production and the 
number and size of doses of vaccine required. 

The first dose for children under three years has been 0.25 c.c. and 0.5 c.c. for older 
children up to fifteen. By making the first dose quite small in this manner and waiting 
seven days, opportunity is afforded for antibody production before the second and third 
doses are administered. Varying amounts are being given in the second and third dosofi 
and a subsequent report will soon bo made on the results, along with further details on the 
preparation and standardization of the vaccine. Since the cord of a large-sized monkey 
will yield about 200 c.c. of vaccine, and taking a total of 3 to 4 c.c. for the immunization 
of a child, one monkey will yield sufficient vaccine for the immunization of 50 or more 
children. If subsequent experiments now under way show that it is possible to prepare 
vaccine of monkey poliomyelitic brain, the yield would be much larger and the cost 
correspondingly less. 


DEXTROSE TOLERANCE, An Infection, Schmidt, E. G., Eastland, 3 . S., and Bums J H 

Arch. Int. Med. 188: 3, 400, 1934. ’ > • • 

Seventy-three cases of infection have been subjected to the dextrose tolerance test 
Among these were 36 cases of pyogenic infections, of which 18 wore studied both during 
and after the infection, 9 of nonpyogenic febrile conditions and 28 of arthritis d 
rheumatism. ncl 

Among the 36 patients with pyogenic infection 29, or 72 per cent, gave distinctly 
patlioglyccmic curves. The highest curves were obtained in cellulitis, the blood ^ 
on several occasions rising above 300 mg. and usually remaining elevated over th° c b'^ 
after the ingestion of dextrose. Despite such high blood sugar values far ,hn ° + T 
generally accepted normal threshold of ISO mg., glycosuria was presenter. W /° * 

When the infection had disappeared and the patient was ready to «•„ * 4 CaSes ' 

ernnee test almost invariably resulted in a normal Mood sugar curve” n-n ° & S ? COncl to! ' 
ency toward glycosuria had now disappeared. ' previous tend- 

Roth streptococcic and staphylococcic organisms were effect;™ 
anc.es in the carbohydrate mechanism. producing disturb- 

Thc 9 patients with nonpyogenic febrile conditions also yielded ahno. n 
blood sugar curves. ' abnormal!} prolonged 

Among 2S patients with arthritis and rheumatoid „„„ i:,- 
gave diabetic-like blood sugar curves. 1 IOns or 53.G per cent, 


cond 


The blood sugar values after fasting in 

itions were, with few exceptions, well within nornUrii^tT 0 "’ 0 ^ anhritic 

With 3 exceptions, cases in which obviot „ 
blond uren nitrogen level was within normal limit /T* - COm r ,ltcatlons were present, the 

limits during the various infections. 
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PROTEIN, Serum, Simple Method of Estimation of, and Its Value in Tuberculosis, Pagel, 

W., and Stott, L. B. Tubercle, London 15: 454, 1034. 

Into six tubes is placed 0.5 c.c. of physiologic solution of sodium chloride. To 
Tube 1 is ndded 0.5 c.c. of fresh filtered ox bile, from which 0.5 c.c. of the mixture is 
transferred to Tube 2. This process is continued up to Tube 5, and 0.5 c.c. of the mixture 
from Tube 5 is discarded. The last tube 6 being a control tube contains only 0.5 c.c. of 
physiologic solution of sodium chloride. After this, 0.5 c.c. of 1:7 dilution of the scrum 
to be examined is added to each tube and all tubes are heated until coagulation of the 
proteins nppenrs in the Inst tube. The results are recorded immediately, and after twelve 
hours’ standing at room temperature. There arc all degrees of coagulation from intensive 
opacity like milk (+ + + +), less opacity (+ + +), faint transparence (++), gradually falling 
(+±), to entire clearness (-). 

SILICA, Inhaled, and its Effect on Normal and Tuberculous Lungs, Gardner, L. U. ,T. A. 

M. A. 103: 743, 1034. 

Dusts containing silica are preeminently dangerous. Present knowledge will not 
permit it to be said that only free silica is harmful; possibly some of the silicates will 
also be incriminated. One silicate, asbestos, produces a characteristic and dangerous type 
of pulmonary fibrosis. Silica is a tissue poison. In low dilutions it causes nodular fibrosis; 
in higher concentrations it produces rapid necrosis of cells of all kinds. 

Human silicosis begins by damaging the pulmonary lymphatic apparatus and is fol- 
lowed by the development of nodular fibrosis of the parenchyma of the lungs. 

Silicosis specifically predisposes to infection with the tubercle bacillus. The mechan- 
ism of this action has not yet been determined. It probably consists in some alteration 
in the soil rather than in changes induced in the infecting organism. 

Nonsiliccous dusts localL.e about the lymphatic trunks and some of them excite the 
proliferation of small amounts of loose cellular connective tissue. They apparently do 
not increase susceptibility to tuberculosis. 

Nonsiliccous dusts inhaled in combination with silica modify the action of the latter, 
altering the anatomic characteristics of flic lesions and apparently decreasing the suscep- 
tibility to tuberculosis. 

TUBERCULIN TEST, Quantitative, As an Index of Tuberculous Activity, Badger, T. L., 

and Myers, W. K. New England J. M. 211: 241, 1934. 

A total of 207 individuals have been tested with measured dilutions of tuberculin 
to determine what relation, if any, exists between the reaction to such measured dilutions 
and the nature of the tuberculous process in the lung. 

Two controlled groups were studied. One was a group of 161 female nurses in train- 
ing and the other was a group of 4G tuberculous women. 

Measured dilutions of 1:100,000, 1:20,000, 1:1,000 and 1:100 wore used throughout. 
In addition to the tuberculin tests a thorough history, general physical examination and 
repeated stereoscopic x-ray examination of the lungs were obtained in every case. 

All individuals were under observation for from three months to two years. 

The individual response to measured dilutions of tuberculin bore no consistent rela- 
tion to the activity or inactivity of the tuberculous process. 

ENCEPHALITIS, Epidemic, Epidemiology of, St. Louis Type, Leake, J. P„ Musson, E. K., 

and Chope, H. D. J. A. M. A. 103: 728, 1934. 

The type of disease in the St. Louis outbreak was unlike that in the sporadic cases 
of the Conomo disease but very much like Type B of the Japanese outbreak in 1924, and 
almost exactly like the Paris, 111., outbreak of 1933. 

The cases wore fairly accurately and completely reported. 

The case rate for the entire area was 100 per hundred thousand — 69 per hundred 
thousand for the city and 212 per hundred thousand for the county. 
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There was no predilection by sex or color. 

There was a striking increase in both incidence and fatality rates with age. 

The fatality rate was higher in the city than in the county. 

The incubation period in different eases showed a variation between nine and four- 
teen days, with possibly wider limits. 

There was a notable rarity of multiple eases in the same family and of obvious 
contagion between cases. 

Between communities the spread was obviously by human contagion; but as regards 
individuals, individual susceptibility, in which age. played a part, appears to be more 
important than contagion. 

The disease appears to be limited seasonally in its typical form. 

Water supply and milk supply were eliminated as possible mediums of transmission. 

Entomologic experiments with the moscpiito as a possible vector were negative. 


GASTRIC ANALYSIS, Detection of Tree Acid in Patients With Suspected Anacidity, 

Necheles, H., and Scheman, L. J. A. jtf. A. 103: 107, 1934. 

The authors comment that free HC1 will combine quickly with mucus thus leading, 
under the usual methods of gastric analysis, to reports of its absence even though actually 
it may be present in small amounts associated with an excess of mucus. 

The apparatus described below permits a determination of acidity as soon as the 
sample passes out of the stomach. 

It consists of a glass T-tube, the vertical arm of which is wide enough to hold a 
stopper with a bore. The lower end of a buret is used, the glass tube below the stop- 
cock being pushed through the bore of the stopper. The opening of this glass tube is 
made as narrow as possible. One end of the T-piecc is connected to a suction device with 
a mercury manometer and needle wave. The other end of the T-tube is connected to the 
stomach tube. The container above the stopcock is filled with Topfer’s reagent. Small 
sealed glass tubes with various concentrations of hydrochloric acid and Topfer’s reagent 
may conveniently be attached alongside the horizontal part of the T-tube to read the 
concentration of free acid in the gastric juice. The base of the -wooden stand on whieh 
the T-tuhe rests is painted white. As the suction works and gastric contents appear in 
the T-tube, the stopcock is opened, permitting a drop of reagent to come in contact with 
the stomach juice, and notes are taken of the color reaction. Mucus, bile and pure stomach 
juice can thus be tested separately before neutralization takes place. 


Diagn. E. Techn. di Lab. 5: 


ANEROBES, Method for Plate Cultures of, Trambustt, B. 

23, 1934. 

The method following permits the isolation of anerobes on plates and examination 
of the colonics without destruction of the surface of the medium. 

Three pieces of glass rod or tubing (sealed at the ends) are cut of a o-„u, 

less than the diameter of the Petri dish to be used and arranged on fi n • 8 , !?, 1 ' 

the form of an equilateral triangle. The medium is added""/ then t '"Tf ™ * 

nf the dish placed upon the glass triangle. The space between the ill a'nd hoUom°" 
then sealed as usual and incubated. louom is 


GONORRHEA, Treatment of Acute by Means of a New Gonnm rrin w • 

Toxicity, Price, I. N. 0., and King, A. J. B ,it. £ 1 1 748 1934 ° f L ° W 

The authors report favorably upon a gonococci vaccine prepared as follows- 

bottle T’ M 7 - 5 ’ hl a 

salt^dution, giving a suspension containing about V 8 0 

After the addition of ] of S/10 Xa(m il . 

wntcr-lmth for two hours to dissolve the ln,ler ,s 1'laccd in a 37.5° C. 

sterile lint, 1.3 r.c. of X/HI Ht'l added. \ftcr twontv w flUI< ' ,liPn r,ItPr<!,i through 

° r --‘"Utcs the white flocculus 
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appearing are removed by centrifuging (3,000 r. p. in.) and suspended in 0 c.c. of sterile 
normal saline. To this suspension N/10 NaOH is added drop by drop until the lloccules 
go into solution (pH 7.5). When this occurs 1 c.c. of 1 per cent formaldehyde in normal 
saline is added. 

This solution constitutes the vaccine, 1 c.c. containing the protein of approximately 
ISO million organisms. 

Subcutaneous injections are given daily into the gluteal muscles, starting with 0.25 
c.c. and increasing to a maximum of 1.5 c.c. according to the reaction produced. 

The vaccine is most effective' in chronic gonorrheal conditions but appeared to lessen 
the incidence of complications when given during the neutc stages. 

CYANIDE POISONING, Gettler, A. O., and St. George, A. J. Am. .T. Clin. Path. 4: 420, 

1934. 

The authors recommend the following procedures in the study of cyanide poisoning: 

If the poison has been taken by mouth, the stomach contents and brain should he 
analyzed. Analysis of the brain is necessary for the purposo of ruling out the possibility of 
the poison having been introduced into the stomach after death. If the poisoning resulted 
from inhalation, the lungs and brain must be examined. In cases of poisoning by inhalation, 
usually none, or only the very faintest trace, is found in the stomach contents. This is of 
tremendous importance from the medicolegal aspect. 

METHOD OF ISOLATION OF CYANIDE 

The tissues are cooled by keeping them in an ice box. Two hundred to 500 gni. of 
tissue are ground up. Care should he taken to keep the tissue cold since hydrocyanic acid may 
volatilize if warm. If stomach contents are analyzed, usually one-fifth of the total volume 
of the contents is used. The ground-up tissue or the stomach contents are placed in a one 
liter flask and acidified with tartaric acid. The material is then distilled with steam, using 
a well-cooled condenser the tip of which is bent to serve as an adapter and dipped into 5 c.c. 
of 5 per cent sodium hydroxide solution in a receiving flask. The latter should be packed in 
ice. One hundred cubic centimeters of distillate are collected, which is ample to recover all 
the cyanide present, the following tests being employed; 

QUALITATIVE TESTS 

1. Schonbein’s Test . — Suspend a strip of filter paper, impregnated with guaiac and 
copper sulphate, over the material in a flask, the paper being held in place by the stopper. 
(Dip strip of filter paper into a freshly prepared alcoholic solution of guaiac 1:10; then let 
dry; when dry, moisten it with dilute (1:10,000) copper sulphate solution.) If color does 
not change, cyanide is absent and no further tests need be made. If a blue color results, 
cyanide may be present. The test is very sensitive but not specific; hydroclilorie acid, nitric 
acid, chlorine, bromine, ozone, hydrogen peroxide, as well as some other substances also give 
a positive test. This test may be used as a preliminary one at the necropsy table. The 
following two tests must be employed since they are specific for cyanide: 

2. Prussian Slue Test . — To 5 c.c. of distillate, add 3 c.c. of 25 per cent sodium hydroxide, 
then a few drops of freshly prepared ferrous sulphate solution and a few drops of ferric 
chloride solution. Warm a little. Let cool and add concentrated hydrochloric acid, drop- 
wise, until the dirty brown precipitate just dissolves; avoid excess hydrochloric acid. If 
cyanide is present, a deep blue precipitate (Prussian blue) appears. If only a trace of 
cyanide is present, a green solution results instead of a blue precipitate, but, on standing 
several hours, a small flocculent Prussian blue precipitate settles (sensitive to one part in 
50,000). 

3. ZAebig’s Test . — To 10 c.c. of distillate, add 1 c.c. of yellow ammonium sulphide and 
evaporate to dryness on the water-bath,* When dry, add 5 c.c. of o per cent hydrochloric 
acid solution, warm a little and stir well to dissolve all of the thiocyanate that was formed 
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during the evaporation. Let stand two hours, then filter. To the filtrate, add 5 to 10 drops 
of 10 per cent ferric chloride solution. If cyanide is present, a deep red color results 
(sensitive to one part in 10 million). 

The following tests may be used, but they are not specific for cyanide: 

4. Vortmann ’s Test .— To 5 c.e. of distillate, add a few drops of potassium nitrite solu- 
tion, then 2 to 4 drops of ferric chloride solution and then enough dilute sulphuric acid until 
the color of the solution becomes a bright yellow. The solution should then be boiled, after 
which cool and add ammonium hydroxide until all of the iron is precipitated. Filter off the 
precipitate. To the filtrate add a few drops of a very dilute solution of ammonium sulphide. 
If cyanide is present, a play of colors results, violet, blue, green, yellow. 

5. Picric Acid Test . — To 5 c.c. of distillate (slightly alkaline) add a few drops of 
picric acid solution and warm gently. If cyanide is present, a red color develops (sensitive 
to one part in one million). 

6. Phenolphtlialin Test . — To 5 c.c. of distillate, add a few drops of alkaline phenolphthalin 
solution (reduced phenolphthalein) , then a few drops of 1:2,000 copper sulphate solution. If 
cyanide is present, a red color develops (sensitive to one part in 20 million). 

7. Silver Test . — To 2 c.c. of distillate, add nitric acid until reaction is acid, then add a 
few drops of silver nitrate solution. If cyanide is present, a white precipitate of silver cyanide 
results. 

QUANTITATIVE TEST 


For quantitative analysis, a weighed amount of tissue is distilled, as described in the 
qualitative procedure. In the receiving flask, however, instead of having dilute sodium 
hydroxide, 20 c.c. of 10 per cent silver nitrate solution are used, acidified with nitric acid. 
In order to make certain that all of the cyanide is isolated, distillation is continued until 
200 c.c. of distillate are obtained. During the distillation, the cyanide precipitates as silver 
cyanide. This is then filtered through a previously weighed Gooch crucible, washed, dried and 
weighed. From the weight of the silver cyanide, the amount of cyanide in the material 
analyzed is calculated as HCN. 

In quantitative analysis, if the poison was taken by mouth, the entire amount of cyanide • 
is determined in the gastrointestinal tract. This is then multiplied by 100/98, which gives 
the amount in tho entire body. This fraction is used because approximately 98 per cent of 
the cyanide, if taken by ingestion, remains within the stomach contents. If the poison was 
introduced by inhalation or injection , parts of all the organs and tissues are analyzed and 
from these results, the amount present in the entire body is calculated. ' ’ 


The lethal dose of cyanide is accepted as 50 mg., calculated as hydrocyanic acid 
The following factors interfere with the determination of the presence of cyanide- 

1. Traces of hydrogen cyanide are produced during the first days of putrefaction W 
this disappears in the later stages. ’ 


2. Cyanides present in the tissues disappear during prolonged putrefaction 
changed to sulphocj-anidc. 

3. In the stomach contents, where the bulk of the cyanide remains at ,wj 

lion is of little importance. ‘ ‘ ‘ acII < 


and are 
putrefac- 


4. Embalming with formaldehyde interferes greatly in the tests th 
condensation products with the formaldehyde. ’ 


cyanide forming 


SEDIMENTATION TESTS, Repeated. Van Antwem t r. . 

1934. ■ Am - J - Din. Child. 48: 814, 

The observation that sedimentation rates in children riio - 
vary widely without intervening clinical causes should be of\-ol" 'T a ! n . e<3 teniicnc .v to 

of the cause. That this occurs commonly is demonstrated bv iw °, P ( ! 1;ltriclan s, regardless 
author’s patients lmd readings erroneous enou-rii to midLi • , ’ lat 27 P e r cent of the 

experience, however, shows that a repeated test\viU ** 

casionallv a repeated test will show a persistentlv hich rate' if th ® correct reading. Oc- 

* B lll0u gh tins is not common. In 
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such an event, careful clinical search should satisfy one as to the presence or absence of 
any condition warranting a high late. A persistently high rate need serve, therefore, only as 
a warning of the possibility of the presence of a pathologic condition; it need not he held 
as conclusive. 

Two sedimentation tests are done on successive days on all newly admitted patients, 
the lower rate being taken as the one reflecting the presence or absence of a destructive 
lesion. Van Antwerp is being forced to the conclusion that apprehension on the part of the 
patient is a factor in erroneous results m sedimentation tests, though he has not thus far 
been able to prove it. If such is the case, it will be necessary to repeat tests on patients 
giving a high rate as basal metabolic tests are now repeated. It is already well known that 
certain types of insanity are characterized by high rates of sedimentation and it is interest- 
ing to consider the possibility that the factor influencing the rate in this class of patients 
may be that of apprehension, because of emotional instability. 

Later observations comparing blood sugar content with rates of sedimentation will be 
offered as a factor of proof or disproof of the contention that apprehension influences the 
rate of sedimentation. 

EOSINOPHLLIA, Rapid Method for Determination of, Freedman, T. B. J. A. if. A. 103: 

1G1S, 1934. 

In place of the usual acetic acid-diluting fluid, the following fluid, which is the modifica- 
tion of Camara and Alvarez of that described by von Domarus, is employed: 

Aqueous eosin 1 per cent 5 c.e. 

Acetone f> c.e. 

Distilled water 100 c.e. 

The count is made in the usual manner in the ordinary counting chamber. This diluting 
fluid stains only the eosinophilic cells and they are easily distinguishable with the high dry 
power of the microscope. The unstained leucocytes appear as gray bodies in this diluting 
fluid. 

It is advisable to fill also a pipette with the ordinary acetic acid-diluting fluid and use this 
count as a check until one has had some experience with tin fluid described. 

CHORIONEPITHELIOMA, Early Diagnosis By Quantitative Determinations of Pituitary- 

Like Principle Prom the TJrine of Pregnancy, Leventhal, M. L., and Saphir, W. J. A. 

M. A. 103: GGS, 1934. 

The quantitative determination of the gonadotropic substance in the urine is an im- 
portant biologic test in the early diagnosis of chorionepithelionm. 

Following the expulsion of a hydatidiform mole, this quantitative test forms a prognostic 
index for cliorionepitlielioma formation. 

In the absence of clinical manifestations, an amount of gonadotropic substance in the 
urine in excess of 20,000 mouse units per liter indicates an early cliorionepitlielioma. 

A case of early cliorionepitlielioma was diagnosed and an operation was performed 
solely on the basis of the laboratory finding of 333,000 mouse units of gonadotropic sub- 
stance per liter of urine in a patient who had expelled a hydatid mole four and one-half 
months previously. 

Recurrence of cliorionepitlielioma or metastases may be discovered by the Ascliheim- 
Zondek reaction, and this should determine the use of radiation therapy. 
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Definite Diagnosis In General Practice" 

K S DR. MESSER, remarks in the foreword to this book, ‘ ‘ there is no quick road to diag- 
** nosis, ” and the importance of diagnosis in the management of disease requires no 
comment. 

In constructing his book Dr. Kitchens has chosen, from among the diseases to which 
the human race is heir, 407, representing those most likely to be encountered in the most wide 
and varied practice; and from his own experience as well as from a thorough study of 
medical literature, lias selected 50G symptoms of definite diagnostic importance. 

The hook is planned for use as a quick reference, as a simplified means of differential 
diagnosis, and as a method assisting in selective or eliminative diagnosis, or, as often called, 
diagnosis by exclusion. 

The volume is divided into two sections. 

Part I includes, first, a Symptom Index which presents in alphabetical order 50G symp- 
toms of 407 diseases, each symptom being preceded by the page number on which that symptom 
is found. 

Following the Symptom Index each symptom is presented on a separate page and under 
each symptom are listed those diseases in which that symptom is of important diagnostic 
significance. Furthermore, each disease is preceded by the page number in Part II on which 
the full symptomatology of that disease is found. 

Part II presents, first, GOG diseases, one to a page, under each of which are presented 
those symptoms of ' diagnostic significance, giving first Subjective Symptoms, then Objective 
Symptoms, and finally Laboratory Findings. Eacii symptom is preceded by the page number 
in Part I where that symptom is listed. 

Following the presentation of diseases, there is a Disease Index listing in alphabetical 
order the 506 diseases, each disease being preceded by the page number in Part II where the 
full symptomatology of that disease is found. 

If it is desired to review quickly the symptomatology of any disease, the reader turns to 
the disease in Part II. Or, given a symptom, if it is desired to learn at a glance those diseases 
in which that symptom is found, the reader turns to the symptom in Part I. 

To differentiate quickly any two or more diseases, the reader turns to those diseases 
in Part II and checks the complete and possible symptomatology of one against the other 

The hook provides ample space for the addition by the reader of observations reflecting 
his own experience or the observations of others so that it may be kept continually up to date 

The book is simple in its method of use and should prove without doubt as it i 
tended to be, of definite aid in the formation of a diagnosis ’ ' 8 m " 


Statistical Methods for Research Workers^ 

t oI * •— — .... 

t " * ~r°" a ° «• 

the presentation of their results. 0 1Llr P r °blems and for 

book 1,nS it!i fif "' «««*» testifies to its usefulness. 


M.D. Cloth. 
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EDITORIALS 


Etiology of Granulopenia (Agranulocytosis) 

E VER, since Schultz 1 in 1922 described as a clinical entity the association of 
gangrenous throat lesions with extreme leueopenia, there has been an in- 
creasing intei’est in the condition and much speculation concerning its etiology. 
It is now known that the primary* change is found in the bone marrow and 
that, the granulopenia is only a reflection of the marrow dysfunction. The 
necrotic local lesions result in turn from the loss of the defense normally pro- 
vided by the neutrophilic leucocytes. Often there is no superficial necrosis even 
with a marked leueopenia, although weakness is a very constant symptom, and 
it is usually accompanied by chills and fever. 

In his cases, Schultz found a marked aplasia of the myeloid cells in the 
bone marrow with little involvement of erythrocytes or platelets. Further 
studies of the marrow of patients dying from granulopenia with or without 
mucosal lesions have revealed widely varying findings. Often the marrow is 
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hyperplastic rather than aplastic, but there is always some disturbance in the 
state or rhythm of development of the granulocytes. Fitz-Iiugh and Krumb- 
haar 2 emphasize the lack of maturation of the neutrophiles even when there 
is an abundant supply of immature myeloid cells, and they suggest that the 
disease is fundamentally a “maturation arrest” of the granulocytes. Jaffe 3 
found striking qualitative changes in the myelocytes in the marrow which were 
evidenced by marked degenerative changes. It is apparent that the marrow 
picture must vary with the stage of the disease. In the early stage, there may' 
be only a disturbance in maturation; later, the myelocytes show evidence of an 
intoxication; and still later, the myeloid tissue may he aplastic. With massive 
dosage of the agent responsible for the marrow damage or a hypersusceptibility 
of the patient to small doses, extreme marrow degeneration may occur early in 
the course of the disease. Thus, it is apparent that the marrow picture is the 
primary and important one. Tim change is essentially a myelotoxicosis which 
varies greatly in degree and intensity. At times the clinical picture of the 
disease is seen with some known disorder of the marrow, such as aplastic anemia, 
leucemia, or myeloma. Here the cause of the clinical picture is the same as that 
responsible for the cryptic cases, although the bone marrow disturbance is dif- 
ferent from that seen in idiopathic granulopenia. 

The most perplexing problem lias been the etiology of the marrow injury. 
Radiant, energy may cause a marked depression of the marrow, but this can 
usually he ruled out as a possible causative factor. Overwhelming infection 
may affect the marrow in a similar manner and cause a granulopenia. However, 
such an infection usually is apparent as the primary disease. The local lesions 
of granulopenia show a great variety of organisms and the blood culture is 
often positive late in the disease. No organism, however, has been proved to 
be constantly and ctiologically related to the disease. It is possible that a rela- 
tively mild infection may further depress a hypoplastic marrow and produce 
a granulopenia. 


The possibility of a chemical cause for the disease has always been in- 
triguing. It has long been known that certain chemicals will cause an aplasia 
of the bone marrow with involvement of all marrow elements. Benzene is the 


classic example of such a drug. It is interesting that most other drugs which 
have a similar action, such as arsphenamine, also contain the benzene ring Tin's 
has been emphasized by Kraeke." In granulopenia we have a marrow disturb- 
ance similar to that caused by benzene except that there is selective involvement 
of myeloid tissue rather than simultaneous involvement of myeloid erythro 
hlaslic and platelet-forming tissues. It is true, however, that in granulopenia 
there is usually some involvement of red cells and platelets, although in a much 
less degree than in aplastic anemia. A most important contribution to the 
etiology of the disease is the recent demonstration that amidopyrine and similar 
commonly used drugs may produce the disease. Ivracke* noted that emht of 
nine patients with granulopenia of undetermined origin had w, V 
,.c , T S crio, mi„,. ,C 

to affect the leucocyte count experimentally with such U a e 

, * » w* i>n>aucis ,t:*srs 
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were tlie first to offer convincing proof, largely from clinical observation, that 
amidopyrine alone or in combination is a definite cause of granulopenia. Two 
of their patients, after recovering from an attack, again developed a profound 
granulopenia when a single dose of amidopyrine was taken. Sturgis and 
Isaacs® report similar observations. Evidence is rapidly accumulating 7 ’ s - 9 that 
amidopyrine and similar drugs are the most important etiologic agents in idio- 
pathic granulopenia, lira eke"' in reviewing the relationship of drugs to the 
etiology of the disease concludes that drugs containing the benzaminc group 
(amidopyrine, phenacetin, acetanilid. arspbenamine, and ncoarsphennminc) are 
most likely to cause the disease. 

The drugs which have been so incriminated are very commonly used. The 
(gicstion arises why they relatively seldom cause trouble. Pepper 1 1 has pointed 
out the frequency of allergy and drug sensitization in cases of granulopenia. 
This is a most important observation lx cause it seems that, in most cases, the 
sensitivity of the patient determines (lie toxic effect of a small dose of a drug 
which has a specific affinity for myeloid tissues. This also well explains the 
difficulty in reproducing the disease experimentally. In some cases the disease 
is due to large doses over a long period of time with cumulative action or develop- 
ment of sensitivity by reason of prolonged use. At times the marrow may be 
already hypoplastic making it more susceptible 1o further injury. 

The etiology of granulopenia thus seems solved in the demonstration of 
drug relationship to the disease. Time will probably prove that most eases of 
so-called idiopathic granulopenia arc due to the toxic action of some drug on the 
marrow either by reason of the hypersensitivity of the patient or overdosage of 
a drug with a selective action on normal or hypoplastic myeloid tissue. 
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CLINICAL AND EXPERIMENTAL 


further observations on patients with high blood 

SUGAR BUT NO GLYCOSURIA* 


Ralph H. Major, Kansas City, Kan. 


IN 1925 Major and Davis 1 described eight patients suffering from diabetes 
mellitus who were under treatment with insulin and showed a high blood 
•sugar with no sugar in the urine. The ages of these patients varied from eleven 
years to seventy-two years and height of the blood sugar elevations from 196 nm 
per 100 e.c. to 425 mg. °‘ 
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The observations of Somogyi 2 showing that a part of the substance in the 
blood which reduces copper sulphate is not glucose since it docs not ferment, sug- 
gested a further study of patients showing high blood sugars lmt no sugar in the 
urine. It seemed theoretically possible that the apparent high blood sugars 
might be due to the presence in the blood of substances other than sugar, which 
could not be excreted in the urine. This question has been studied further in 
sixteen patients who showed high blood sugar but no sugar in the urine. In these 
patients the blood and urine specimens were collected simultaneously. 

The blood filtrates were prepared according to the method of Somogyi. 
Sugar determinations were carried out in one series of observations by the 
Folin-Vu method and in the second series by the Shaffcr-Hartmann method. 


Siiaffer-Hartmaxx Method 


NO. 

AGE 

BEFORE 

FER M EX TATI ON’ 

AFTER 

FERMENTATION 

URINE 

1 

45 

241 

39 

Neg. 



274 

34 

Neg. 



237 

44 

Neg. 

o 

59 

172 

34 

Neg. 

3 

30 

201 

41 

Neg. 

4 

49 

1S3 

31 

Neg. 

5 

48 

1S3 

39 

Neg. 

6 

51 

359 

34 

Neg. 



203 

23 

Neg. 

7 

03 

279 

29 

Neg. 



333 

31 

Neg. 

3 

GG 

200 

29 

Neg. 

9 

55 

19G 

IS 

Neg. 

10 


19G 

IS 

Neg. 

11 

51 

194 

29 

Neg. 

12 

77 

176 

3G 

Neg. 

13 


2G0 

34 

Neg. 

14 

10 

203 

31 

Neg. 

15 

G4 

225 

39 

Neg. 

1G 

20 

241 

29 

Neg. 


These observations show that the high values for the blood sugar in these 
patients are due to a fermentable sugar, presumably glucose, and not to any 
other nonexcretable substance. The absence of sugar in the urine is evidently 
due to what is commonly termed a high renal threshold for sugar. 
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THE ANTISEPTIC AND BACTERICIDAL ACTION OF UREA* 


John II. Fouuier, M.D., and Lee Foshay, M.D., Cincinnati, Ohio 


T TREA, historically significant as the foundation stone of modern synthetic 
^ organic chemistry, is generally regarded as nothing more than a con- 
venient and, perhaps, from the standpoint of energy, an economic form in which 
the mammalian organism can excrete nitrogen. Yet a close search of the 
literature reveals isolated reports of biologic activities of urea which may be 
of considerable practical value. 

In an account of the action of urea upon proteins, Ramsden 1 made the very 
interesting observation that urea prevents putrefaction. Such an action, it 
appeared to us, could be due either to the suppression of enzyme activity or, more 
important still, to the inhibition of growth of those organisms which fabricate 
proteolytic enzymes. Experiments by one of us (J. H. F.) show definitely that 
enzyme action may be retarded b.y low concentrations of urea. The present 
paper reports results obtained by the use of saturated solutions of urea in the 
treatment of purulent exudates and data on the bactericidal action of urea 
(by L. F.). 

The first detailed study of urea as a bactericide is that of Peju and Rajat . 2 
Following the observations of other workers, whom they do not specifically 
mention, these authors studied the polymorphism produced in bacteria by urea. 
They found that on media containing urea there was less and less bacterial 
growth until media saturated with the compound remained sterile. Coincident 
with the decrease in growth there was, in some cases, an increase in the number 
of abnormal morphologic forms. There were present sometimes long, empty un- 
branched filaments of uniform, homogeneous structure and sometimes lar^e oval 
or pyriform masses or filaments with such masses at the extremities or occasion- 
ally on their length. Ultimately, and after a period characteristic for each or- 
ganism, the bacteria, if left in the urea medium, tended to revert spontaneously 
to their normal forms. According to the ease with which they were affected by 
urea, the organisms studied were divided into three classes- 


I 

I!. Ebcrth 

II. diarrhea (green) 

II. psittacosis (Nocaul) 

If. pyocyancus 

11. dysentery (various types) 
IS. rntcritidis (Gartner) 


• Prom the Departments 


Cincinnati. 

Koccived for publication 


rr 

B. ch oler ac (Calcutta) 

B. Thollcr 
B. Vutyicus (Binot) 

B. Korn 1 
B. Gross 

Mist bacillus 

Ji. tuberculosis (human) 

of Plmnnncolarry and 
. February 4, 1933. 


Ill 

B. violaccus 
B. sep ficus acrohicus 
B. mycoideus rosaceus 
B. anthracic 
B. diphtheritic 

Various cocci (staph., 
strep., pneuino., 
sarcinac) 


Experimental Bacteriology, University 
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The bacteria in Group I were easily modified by urea, polymorphism being 
produced readily and rapidly. Those in Group II were not easily modified, often 
requiring several weeks for a slight change. The organisms in Group III showed 
no polymorphism in presence of urea. No information was given which would 
allow of correlation of polymorphism and growth in media of different urea 
strengths. 

Wilson 5 found that 8 per cent urea prevented the growth of B. coll, while 
1.5 to 3.5 per cent caused polymorphism. 

No great attention was paid to the bactericidal action of urea until Symincrs 
and Kirk 4 reported bacteriologic and clinical studies. They found a number of 
interesting and important facts, which can be summarized as follows: 

a. Urea prevents bacteria from deoxidizing blood. 

b. No growth could be obtained on tubes inoculated from twenty-four-hour agar culture 
of B. typhosus which had been subjected for thirty minutes to the action of a saturated solu- 
tion of urea. 

c. An old, putrid, tuberculous sputum, which gave, on agar, continent growths of various 
organisms, was treated at. room temperature, with a saturated solution of urea. After fifteen 
minutes a loopful was smeared on agar. Only three colonics grew. After thirty minutes 
action of urea only one colony grew. 

d. Five cubic centimeters of blood cere inoculated with T3. pyocyancus. Controls gave 
abundant growth, but transplants from the mixture after it had been treated with 2.5 gm. of 
urea for thirty minutes at room temperature were sterile. 

o. A similar mixture containing 1.25 gm. of urea gave ninety-eight colonies on an agar 
transplant after standing fifteen minutes, while after standing thirty minutes only five colonies 
grew. 

f. Below a concentration of 25 gm. of urea per 100 c.c. of blood there was no definite 
bactericidal action, but growth was delayed. 

Symmers and Kirk then proceeded to clinical tests of the bactericidal action 
of urea. At first they used a fresh 100 per cent aqueous solution. This they 
found of undoubted value as a wash in the treatment of diphtheria carriers. In 
the treatment of wounds closer and more continuous contact with urea was 
needed. Therefore the infected tissues were liberally dusted with the powdered 
compound and the woirnds finally closed with continuous sutures to prevent 
drainage. That urea is innocuous to human tissues was adequately proved. 
Thiersch epithelial skin grafts over healthy ulcers never necrosed in presence of 
urea. A simple, oblique fracture of the shaft of the femur, in a young man, 
was treated with 6 gm. of powdered urea, which was placed alongside the frac- 
ture after plating. The muscles, fascia lata, fat and skin layers were closed 
separately with continuous sutures. There was no sign of interference with heal- 
ing, and in three weeks all splints and dressings were discarded and massage and 
passive movements commenced. In many radical operations for inguinal hernia, 
urea was placed between the different tissue layers without damage. In one 
case with a chronic staphylococcus blood infection, urea was sprinkled between 
the layers of tissue and the wound then closed with continuous sutm-es. Healing 
followed with no sign of infection. Sloughing, infected wounds, dressed with 
urea powder once in twenty-four hours, gave better results than similar wounds 
treated by other methods. The absence of venous congestion in tissues was 
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noticeable in contrast with eases treated with ordinary wet dressings, continu- 
ous irrigation, or frequent baths. The circulation was normal and repair seemed 
more rapid. There was no irritation. 


The only disadvantage noted with the urea treatment was occasional severe 
pain, which, however, could he controlled by morphine. Since urea absorbs 
moisture rapidly, the powdered solid easily became caked. This caking was pre- 
vented by covering the urea layer with oiled silk and the latter with a dry 
dressing. The wounds required dressing only once in forty-eight hours. 

Unaware of the work of Symmers and Kirk, one of us (J. F.) selected as 
material for a clinical study of urea a few cases of pui’ulent otitis media, com- 
plicating contagious diseases in children. All the patients studied were on the 
Pediatric Service of Cincinnati General Hospital. In most cases the primary 
disease was scarlet fever and the ears were infected with a hemolytic strepto- 
coccus. Also, most of the cases had failed to respond to treatment with mercuro- 
chrome, hydrogen peroxide, silver preparations, etc. The technic used was 
simple. A fresh, saturated aqueous solution of urea was instilled into the af- 
fected ear every four hours, using a medicine dropper. Since it was soon found 
that the urea crystallized out and plugged the external canal, thus hindering 
drainage and preventing observation, the ear, before each instillation of urea, 
was gently irrigated with normal salt solution, again using a medicine dropper. 

The number of eases treated (20) is too small for statistical study. The 
results of the treatment were in general as follows : All of the cases which had 
failed to respond to other local medicaments responded to urea. The discharge, 
often of a foul odor, lost its foulness in a few hours and became serous or mucoid. 
In from three to six days all discharges ceased. Smears from ears which origi- 
nally contained hemolytic streptococci no longer showed this organism, but often 
a hemolytic staphylococcus not previously present was found. There were no 
signs of irritation. 


Cases treated with urea at first onset of otitis media almost all responded 
rapidly, sometimes clearing up after thirty-six hours and usually within three 
to six days. Twice discharges were cheeked but recurred a week or two later 
after urea treatment was stopped. In both cases a mastoiditis was present and 
was later treated by radical operation. 

Two results of urea treatment are of special interest. The first patient 
boy of ten years, developed a bilateral otitis media and a hemorrhagic nephritis 
about the third week of hospitalization with scarlet fever The ear ft' 
failed to respond to mercuroclirome, hydrogen peroxide, ’ and silver Ten r n 
lions. Macroscopic and occult blood were present in the mW 1 

ammed dad,. At, or Urn* «*, of this condition « rea tLSJ tt ZS 
The ear discharges at once became less foul and more serous At tl,- ‘ 

the blood gradually disappeared from the urine. After ten daw; nf + ” m> 
ment only a slight serous discharge was present and tests for blood ^ 

were negative. The discharge never enlirclv ceased until • 10 Unnc 

were performed. 3 l Cd Untl1 operations 

The second patient, a girl of five rears w 

eoecic throat infection. The nose and submaxilhrv 1 ^ T 1 f SeVCre strc P t «- 

voiced. The latter were opened and dra”,s tZ " W 

inserted. In s ,, 1(c of p0KistcM 
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treatment with potassium permanganate, hydrogen peroxide, and other prepara- 
tions, the infection spread. The patient became delirious and finally comatose. 
The foul odor of discharges from the nose, mouth, and lymph nodes permeated 
the ward. When no other treatment availed and the child was moribund it was 
decided to use urea. The nose and throat were irrigated with a saturated solu- 
tion of urea every two hours. The draining lymph nodes were packed with gauze 
soaked in a saturated solution of urea. Within twenty-four hours the odor of 
the discharge was diminished and had disappeared in three days. The patient 
died a week later from peritonitis. 

One of us (L. F.), interested in these clinical results, lias again tcsled the 
bactericidal action of urea. 

Fresh twenty-four-hour cultures of thirteen common species were washed 
from appropriate mediums in exactly 5.0 e.e. of sterile saline and tubed. The 
turbidity of each suspension was measured against the usual fuller’s earth 
standard. Then to each tube was added exactly 5.0 e.e. of a freshly prepared 
saturated solution of urea in distilled water and the suspension thoroughly 
mixed. The tubes stood at room temperature throughout the entire period. After 
two hours of exposure to half-saturated urea, 1.0 e.e. was withdrawn from each 
tube and transferred to other tubes containing 15 c.c. of sterile saline. All tubes 
were centrifuged until the supernatants were clear. The bacteria were washed 
once in saline, and the entire final sediments were transferred to appropriate 
mediums to determine viability. This procedure was repeated at three hours 
and again at four hours of exposure. After twenty-four hours the original 
urea-bacteria suspensions were washed twice with saline and large loopfuls of 
the final heavy sediments were similarly transferred to appropriate mediums. 
Meat extract broth was used for the hardier species; dextrose ascites broth for 
the streptococci and staphjdococci; and dextrose cystine ascites hemoglobin agar 
for B. iuUrensc. All culture tubes were incubated at 37° C. for five days before 
discarding. The viabilities of these species after exposure to half -saturated urea 
are shown in Table I. 


Table X 

Viability as Determined by Culture 


SPECIES USED 

TURBIDITY OP 
ORIGINAL SUSP. 

EXPOSURE TO HALF- SATURATED UREA 

2 HR. 3 IIR. 4 HR. 24 HR. 

IS. coH communis 

3000 

0 

0 

0 

0 

(2 strains) 

3000 

0 

0 

0 

0 

B. coli communior 

3000 

0 

0 

0 

0 

(2 strains) 

3000 

0 

0 

0 

0 

Staph, aureus 

2000 

T 

+ 

+ 

+ 

Staph, albtts 

2000 

+ 

+ 

-f 

0 

Strep, fecalis 

SOO 

0 

0 

0 

+ 

(2 strains) 

800 

0 

0 

0 

0 

Strep, viridans 

100 

0 

0 

0 

0 

B. mucos}is 

2500 

0 

0 

0 

0 

(2 strains) 

2000 

0 

0 

0 

0 

Trot, vulgaris 

2000 

0 

0 

0 

0 

B. typhosus 

. 2000 

0 

0 

0 

0 

23. Para-Ty. B. 

2000 

0 

0 

0 

0 

B. aerogenes 

1000 




0 

B. fecal, all'. 

1000 




0 

B. tularense 

1000 




0 
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It will be noted that the staphylococci resist the action of urea better than 
other species tested, especially Staphylococcus aureus, which survived after 
twenty-four hours of exposure. Staphylococcus albus survived for four hours of 
exposure, but not after twenty-four hours. One strain of Streptococcus fecalis 
was viable after twenty-four hours, but growth was not obtained at the earlier 
periods. The last species were tested only after twenty-four hours of exposure. 

The results so far obtained suggest that urea may be of considerable value 
in the treatment of purulent discharges of many types and in the treatment, 
also, of suppurating wounds producing foul odors. This latter use of urea has 
been reported recently by Millar . 5 His paper has received rather severe criti- 
cism only because it has been generally believed that urea has no bactericidal 
power. The cheapness and harmlessness of urea should encourage other in- 
vestigations of its clinical use. 
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PERIPHERAL NEURITIS AND ABORTION FOLLOWING 
DINITROPHENOL THERAPY 6 


Report ok a Case 


Eryix Epsteix. M.D., and Harold Rosexblum, M.D., Sax Francisco, Calif. 


A LPIIA-DINITROPHENOL (C„H s (NO,) s OH) was introduced into medical 
L therapy by Cutting, Mehrtens, and Tainter 1 for the treatment of obesity. 
This compound was of clinical importance during the World War, however, 
since numerous instances of dinitroplienol poisoning were reported among 
munition factory workers at this time. The purpose of this report is to present 
an instance of peripheral neuritis and abortion occurring in an obese woman 
following the administration of dinitroplienol. 

REPORT OP CASE 

Mrs. A. S. is a white, married, housewife aged thirty-four years. She is the mother of 
three normal children and had had no abortions or miscarriages. The remainder of her past 
history and family history were irrelevant. 

The patient was treated in the Metabolic Clinic of the Mount Zion Hospital for obesity. 
On Feb. 20, 193-4, treatment for this condition was instituted with an initial daily dose of 
100 mg. of sodium dinitroplienol. This is the equivalent of approximately 75 mg. of the acid 
1-2-4 dinitroplienol. The daily dose was increased to 200 mg. of sodium dinitroplienol daily 
on March 0, 1034, and further increased to 300 mg. one week later. There was no further 
change in the dosage until April 3, 1934, when it was increased to 400 mg. and then to 500 mg. 
one week later. On this therapy she lost 23.5 kilos (4 7% pounds) from 107.0 kilos (235% 
pounds) to 85.5 kilos (38Si/ t pounds) in twenty-six weeks. Her basal metabolic rate before 
treatment was plus G per cent and readied a maximum of plus SS per cent after the admin- 
istration of 500 mg. of sodium dinitroplienol a day regularly for five weeks, the test being 
made one and one-half hours after the morning dose of 200 mg. 

On June 12, 1934, the patient reported that for the previous two weeks she had noted 
a severe burning sensation in the halls of both feet and in all of the toes. Sharp, shooting 
pains were also experienced occasionally in these regions. Examination in the Neurological 
Clinic on July 3, 1934, by Dr. W. F. Beermnn showed "a low stocking analgesia and anesthesia 
of the left foot extending from the external condyle downward including the whole of the 
foot. The toes were quite red. There was also hypalgesia to pin-prick on all of the toes 
and on the entire plantar surface of the right foot.” 

On July 7, 1934, she stated that her menstrual period was two weeks overdue. Her 
periods had previously been regular. A pelvic examination revealed that the uterus had the 
size, shape, and consistency of a six-week gestation. An Ascliheim-Zondek Test on the urine 
on Aug. 7, 1934, was reported as being positive. 

The dinitroplienol was discontinued on July 24, 1934, but was started again on Aug. 7, 
1934. During the period in which she was not taking the drug, there was no marked im- 
provement in the condition of her feet. 

The patient entered Mount Zion Hospital on Aug. 22, 1934, having again been on 
dinitroplienol therapy for two weeks. At this time she said that she liad been perfectly well, 
except for the burning sensations and pains in her feet, until the day before entry. There 

•From the Department of Medicine and Department of Obstetrics, Mount Zion Hospital. 
Received for publication. February 12. 1933. 
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had been no symptoms of pregnancy other than the cessation of menses. At 11.10 • 

Aug. 21, 1934, she had helped lift a very heavy woman. At about 0:00 r.M. of the same ay 
she noted a slight amount of vaginal bleeding and this was somewhat increased t lonex rnonn 
However, she continued to take the regular doses of limit rophenol during this time. t a ou 
noon she began to bleed profusely from the vagina and was still bleeding n icn s ie wa 
brought into the hospital. Her underclothes were found to be soaked with bl° 0( J- 
showed her skin to be pale, cold, and clammy. The oral temperature was oGA C. (97. .)• 

The heart sounds were faint and the pulse was rapid and almost imperceptible. She was e y 
short of breath and fainted several times before treatment could bo instituted. Tlie patien 
also complained of abdominal and prccordinl pains. Treatment was giien for shock an 
hemorrhage and one hour after entry the uterus was completely emptied by means of a i a 
tation and curettage. Ho fetus was found. After the shock and hemorrhage had been con- 
trolled, the patient complained of feeling "hot." Dinitroplienol therapy was discontinued as 
soon as the patient entered the hospital and has not been started again. 

The patient admitted that she did not wish to Imr e this baby but on numerous occasions 
stated consistently that neither she nor anyone else had done anything to terminate the preg 
nancy. 

Physical examination on Aug. 23, 1934, revealed an obese female of about thirty-five years 
of age. The temperature was 37.8° C. (100° F.), pulse 10C per minute, and respirations 
24 per minute. The skin was warm and moist and both the skin and mucous membranes 
were pale. Ho palpable lymph nodes were found. Fairly marked hypertrichosis of the chin 
was present. The skull, eyes, ears, nose, mouth, and neck were not remarkable. The tonsils 
were present and slightly enlarged. The breasts were pendulous, the nipples were inverted 
and there was no increase in the pigmentation of the areolae. The lungs were clear and the 
heart was normal. The blood pressure was 100 systolic and 60 diastolic. The peripheral 
arteries were soft. The radial pulses were moderately weak, hut were otherwise not remark- 
able. The abdomen was negative except that it was flabby and exhibited numerous striae. 
The abdominal reflexes were not obtained, probably because of the obese and atonic abdominal 
wall. Inspection of the external genitalia showed no evidence of continued hemorrhage. 

Examination of the extremities revealed no abnormalities in the arms. The biceps and 
triceps reflexes were active and ecjual. Examination of the lower extremities showed analgesia 
of the soles of the feet and of the distal phalanges of all the toes. There was hypesthesia 
over the remainder of the dorsal aspect of the feet extending up along the inner side of both 
calves. The vibratory sense was absent at the ankles and knees but normal over all bony 
prominences above the pelvis. The deep muscle sense was entiiely lost in the toes. The muscle 
power and coordination were normal. The patellar and acliilles reflexes were very difficult to 
obtain but were present and equal. The plantar reflexes were normal and there was no 
clonus present. 

Laboratory Findings . — The blood count on entry showed hemoglobin 79 per cent (Sahli), 
or 12.3 gm. per 100 c.c. of blood; red blood cells 4,320,000 per cm; white blood cells 
17,100 per c.mm. The differential count showed polymorphonuclears 74 per cent, eosinophiles 
4 per cent, monocytes 5 per cent, and lymphocytes 17 per cent. Eighty-nine per cent of the 
polymorphonuclear leucocytes were filamented. The IVasscrmann and Kahn reactions on the 
blood serum were negative. On entry, the blood gave a positive test for alpha-dinitrophenol 
according to the method of Bolligcr. 2 

The urine was negative except for a one-plus albumin reaction. 


The spinal fluid on Aug. 24, 1934, showed no cells, a negative globulin test and a col- 
loidal gold reaction of 0000000000. A test foi alpha-dinitroplienol was negative 

Microscopic examination of the curetting* from the uterus showed decidual reaction 
of the endometrium with formation of chorionic villi indicating pregnanev 
The basal metabolic rate cn Aug. 2G, 1934, was plus 1 per cent. 


Subsequent History. Tlic patient was next seen in the Out-Patient tw . _• 

Sept. 0, 1934. At this time, although she still complained of some numbness in her feet" 
neurologic exanunatton indicated a marked improvement as evidenced W tt,„ Y ’ 

of most of the abnormal findings noted on Aug. 23, 1934 " ° " lsa PP e * lr M*ce 
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Slight diminution to tactile and painful sensations over the soles of the feet were the 
onlj residual abnormal findings. Tiiis was two weeks after dinitrophcnol had been discon- 
tinued. One week later she was normal both subjectively and objectively. There has been no 
return of symptoms to date. 

TOXICITY OF ALPIIA-niXITROPIIENOL 

Dinitrophcnol may produce toxic effects as a result of overdosage or by doses 
within the normal therapeutic range in hypersensitive patients. Mayer (quoted 
by Perkins 3 ) cites the fact that in munition factories, toxic manifestations de- 
velop in only a small number of workers despite the fact that others are working 
under identical conditions. He also slates that chronic rheumatism, chronic 
alcoholism, tuberculosis, renal disorders, and hepatic disease decrease the toler- 
ance of the patient to dinitrophcnol. 

Matzger 4 reported 15/ patients on whom he performed skin tests with 
dinitiophenol. All gave negative reactions, but three later developed skin mani- 
festations while under dinitrophcnol therapy. This suggests that these tests 
vill not be useful in detecting patients who arc likely to develop a hypersensi- 
tivity to this drug. Frumess" reported an instance of a patient with a skin 
eruption due to dinitrophcnol who gave positive scratch and passive transfer 
tests with dinitrophenol. 

A levicw of the available literature failed to reveal any reports of patients 
suffering from fully developed peripheral neuritis or abortion due to dinitro- 
phenol. The toxic effects vary greatly in each patient. Among those noted are 
asthenia, loss of weight, backache, pain in the chest, hyperpyrexia, feeling of 
warmth, excessive perspiration, night sweats, acidosis, coma, and even death.® 
It may also cause euphoria, mental confusion, headache, vertigo, and pains and 
paiesthesias in the extremities. Its toxicity for the cardiovascular system may 
be manifested by tachycardia and fall in blood pressure. Dinitrophenol may 
cause phary ngitis and otitis media. The French have noted a type of shortness 
of breath which they termed “thermic dyspnea” as a complication of dinitro- 
phenol administration. Vomiting also may be encountered. The effect on the 
liver may take the form of a toxic hepatitis with jaundice. Among the numerous 
possible skin complications may be mentioned urticaria, pruritic maculopapular 
erythema, hemorrhagic bullae, exfoliative dermatitis and jaundice. Dinitro- 
phenol may also lead to agranulocytic angina. Hyperglycemia may also occur. 
Albuminuria has also been noted in patients taking dinitrophenol. 

Several autopsies have been reported but there has been no uniformity of 
findings in these few cases. 

DISCUSSION 

The evidence presented strongly suggests that the peripheral neuritis in 
this patient was due to dinitrophenol. Numerous instances of patients suffering 
from pains and paresthesias in the extremities while on dinitrophenol medication 
have been reported. 12 ’ 13 The neuritis developed in this patient while the drug 
was being taken and disappeared within three weeks after its administration was 
discontinued. Trinitrotoluene, 15 benzol 16 and other compounds chemically closely 
related to dinitrophenol have caused true peripheral neuritis. From this evi- 

»For references to toxicity see to u. 
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deuce it would seem justifiable to conclude, at least, tentatively, that the neuritis 
in this patient was due to the dinitrophcnol. 

Deacon 17 in 191S stated that it is not particularly dangerous for pregnant 
women to work in munition factories. However, in her series of 101 women who 
became pregnant while working in a munition factory, thirteen had early mis- 
carriages. She attempts to explain only four of these. This is a high percentage 
and suggests the possibility of the existence of an unrecognized toxic agent as 
a causative factor in these miscarriages. Unfortunately no statement is made 
as to whether or not dinitrophcnol was used in this munition factory. 

A miscarriage could be due to the drug passing through the placenta and 
causing the death of the fetus, or the mechanism might be analogous to the early 
premature separation of the placenta sometimes seen in hyperthyroidism. 18 The 
absence of any discoverable etiologic factor except dinitrophenol in our patient 
makes it probable that the drug ivas responsible for the abortion. The im- 
portance of these two complications makes it advisable that the possibility of 
dinitrophenol causing peripheral neuritis and miscarriage be brought before 
the medical profession. 

SUMMARY 

1. A case is reported in which peripheral neuritis and abortion occurred in 
a patient while under dinitrophenol therapy. 

2. A brief review of the problem of dinitrophenol toxicity is presented. This 
includes evidence which indicates the probable relationship between the admin- 
istration of dinitrophenol and the occurrence of peripheral neuritis and miscar- 
riage in the case presented. 
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THE RESISTANCE OF RED BLOOD CELLS TO HEMOLYSIS IN 
HYPOTONIC SOLUTIONS OF SODIUM CHLORIDE* 


Observations in Blood Disorders 


Geneva A. Daland, S.B., and Katharine Worth ley, A.B., Boston, Mass. 


INTRODUCTION 

T HE osmotic resistance of the red blood cells has been of interest since 1SS3, 
when Hamburger 1 first developed a method of determining the susceptibility 
to hemolysis of the red blood cells in hypotonic concentrations of salt solution. 
Partly because there have been many modifications of technic employed by 
different investigators and partly because the observations have not always been 
made upon comparable stages of the same disease, inconstant results of the test 
in different disorders, particularly in anemia, have caused its value to be de- 
bated. The purpose of this investigation was, therefore, to study by means of 
a refined technic the resistance of the red blood cells to hypotonic salt solution 
in different disorders, especially in the same individual over a prolonged period 
of time. Furthermore, it was desired to discover if any relationship existed 
between resistance and the physical and chemical constitution of the red cells. 

METHODS 

Determination of the Resistance of Red Blood Cells . — One hundred cubic 
centimeters of stock salt solution were made from chemically pure sodium chloride 
for each 0.02 per cent, concentration between 0.S0 and 0.04 per cent inclusive, and 
kept in tightly stoppered bottles. One cubic centimeter of each concentration of 
sodium chloride was put into each of a series of appropriately labeled test tubes 
(10 mm. by 75 mm.). The tubes had previously been thoroughly cleaned with- 
out the use of acid. 

Five cubic centimeters of venous blood were rendered incoagulable for the 
blood counts and resistance studies, using 0.05 c.c. of a 20 per cent solution 
of potassium oxalate. The cells of 2 c.c. of this sample were washed twice by 
adding 5 c.c. of 0.S5 per cent sodium chloride to the whole blood, centrifuging 
twice at 1,500 revolutions per minute for fifteen minutes, and removing the 
supernatant fluid. The total volume was made up with 0.85 per cent sodium 
chloride to five times the volume of packed cells. One-tenth of a cubic centimeter 
of this 20 per cent cell suspension was added to each tube of salt solution and 
thoroughly mixed. The tubes were then allowed to stand from one to three 
hours in the refrigerator. Then all the tubes were packed into carriers and 
centrifuged for fifteen minutes at 1,500 revolutions per minute. The tubes were 
then arranged in order in a rack, and the points of hemolysis observed. Thus 

•From the Thorndike Memorial Laboratory, Second hand Fourth Medical Services (Har- 
vard), Boston City Hospital, and the Department of Medicine, Harvard Medical School. 
Received for publication, December 1, 1934. 
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the technical variations were minimized by employing uniformly measured 
volumes of cells and sodium chloride solution, and by observing the end-points 
with particular care as described below’. 

Minimum Resistance. — Trace of hemolysis was determined by comparing the 
supernatant fluid in each tube in question with a control tube against a source 
of light with a blue daylight glass. The slightest color in the supernatant fluid 
was considered to indicate a trace of hemolysis. Definite hemolysis was deter- 
mined by noting the highest concentration of sodium chloride in which an 
obvious reddish color appeared in the supernatant fluid. 

Maximum Resistance. — Partial hemolysis v T as characterized by the persist- 
ence of a definite globule of cells or “button” in the bottom of the tube. The 
point of complete hemolysis vms determined microscopically by observing the 
sediment in each tube below’ the “button.” Hemolysis was considered complete 
when less than forty unhemolyzed red cells were present per field using a 40 mm. 
objective. The microscopic method of determining the end-point is of special 
value w’hen the white blood count is high because leucocytes are much more 
resistant to hypotonic salt solution than are erythrocytes and, therefore, confuse 
the macroscopic observation of the end-point. 


DETERMINATION OF HEMATOLOGIC DATA 


Blood counts w’ere done on the venous blood, using U. S. Bureau of Stand- 
ards pipettes and counting chamber. The Salili hemometer was standardized so 
that 100 per cent was equivalent to 21 volumes per cent of oxygen, assumed to 
be the capacity of 15.6 gm. of hemoglobin per 100 c.c. of blood. The Wintrobe 
hematocrit w r as used and indices determined. 2 The percentage of reticulocytes 
w’as determined by couni ing 1,000 red blood cells in smears of blood which had 
been brought in contact with brilliant eresyl blue in the moist state, fixed and 
stained with Wright’s stain. The cell diameter measurements were made on 
fixed smears, using a projection apparatus according to the method of Price- 
•Tones, 3 and the mean diameter and standard deviation calculated on 250 cells 
for each blood. 

RESULTS 


Resistance to Hemolysis in Hypotonic Solutions of Sodium Chloride of the 
Red Blood Cells in Blood Disorders .— More than 1,000 observations of red cell 
resistance have been made on some 200 individuals. A summary of some of these 
observations is presented in Table I. An average of the results for each croun 
does not give an entirely correct picture because of the wide range of variation 
which has been observed in the same type of disease; therefore, the highest and 
lowest values (extremes) for each group, as well as the average are given T 

the eases of anemia the observations included in Table I were all made before 
any potent therapy was given. L oeiore 

Aculc Blood Loss. In the cases of acute blood loss •ilthnnn-i, +i, 
severe and some reticulocytes were present the m •’ • ? t c anemia was 

practirallv „„a „ lol ,. colls ,verc 

t ' - » s-"- .L;tzt < z?taiS:„r a ' io '’’ as 
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Hypochromic Anemia . — The blood picture of hypochromic anemia is char- 
acterized by small cells poorly supplied with hemoglobin, showing considerable 
variation in size and shape, whether associated with bad diet, gastric anacidity, 
blood loss or pregnancy. An increased span of resistance, especially with in- 
creased maximum resistance, has been observed by Minot,' 1 Waugh," and Scotti- 
Douglas and Dondi. 0 The association of increased resistance with microcytosis 
has been demonstrated by Scotti-Douglas and Dondi. Graham 7 emphasized the 
fact that the diminished minimum resistance in these cases is similar to that 
found in hemolytic jaundice and, on that basis, suggested that there is a rela- 
tionship between the two diseases. He did not observe an increased maximum 
resistance. 

The most characteristic alteration of red cell resistance in the group of 
thirty-eight patients with hypochromic anemia (recorded in Table I) was the 
increased maximum resistance of the cells. A decreased minimum resistance 
also occurred in some cases. The first group included seventeen women with 
idiopathic hypochromic anemia with achlorhydria. In ten of these complete 
hemolysis occurred in 0.20 per cent sodium chloride solution or below. Five of 
the patients had the syndrome of hypochromic anemia, dysphagia, and glossitis. 
In contrast to the report of Graham 7 the maximum resistance was increased in 
nearly all, which is contrary to the usual finding in chronic hemolytic jaundice. 

In chronic blood loss, whether due to menorrhagia, hemorrhoids, carcinoma, 
thrombocytopenic purpura or hemophilia, the characteristic increased maximum 
resistance was found when the blood values were such as obtain in other types 
of hypochromic anemia. In four cases of hypochromic anemia associated with 
pregnancy and three cases with poor diet and infection, the resistance of the red 
cells was similar to that of other types of hypochromic anemia and apparently 
varied only with the severity of the anemia. On the whole, the span of resistance 
was not so great in these groups of cases as in those which had achlorhydria. 


Erythroblastic Anemia (Cooley’s ). — In erythroblastic anemia which has been 
described recently by Cooley and Lee 8 and by Baty, Blackfan, and Diamond 0 
there is an increased maximum resistance of the red blood cells, but them is a 
difference of opinion in regard to alterations in the minimum resistance Ob- 
servations of the resistance of the red blood cells in five patients (Table I) 
showed that the span of resistance was much greater in all than in normal in- 
dividuals. The minimum resistance was decreased in three cases hut the most 
striking change occurred in the maximum resistance. Complete hemnlv^ 
curved in 0.14, 0.18, 0.10, 0.10, and 0.08 per cent sodium chloridTsolution 
respectively. The increased maximum resistance thus resembles that found in 
severe hypochromic anemia. Observations op one case of sickle-cell anemia 
showed a similar increased maximum resistance. 


In erythroblastic anemia, a tvpe of livnoelivnm;„ 

lnlcd to iron deficiency, the red cells show marked aeliromiTilrith^!^ ^ • 
linn in size and shape. A special feature of this tvpe of blond • n 1 Van 

poikiloeytes. The mean diameter of the colls w-ts i - ls presence < 

but. the deviation of the diameters from the me'n ’ bC °" or above n °rma 

wore high (standard deviation J 

* ,nd U9 > :nnl Coefficient of varintio 
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= 17.10 per cent and 1S.42 per cent). The marked increase in maximum re- 
sistance occurred in Ihe same bloods which showed a great many small cells 
and poikilocytes which remained unhemolyzed in the dilute solutions. 

Pernicious Anemia. — Although the resistance of the red blood cells in per- 
nicious anemia in relapse varies much more than in normal individuals, the 
average values for maximum and minimum resistance have been reported 10 ’ ”’ 1! 
as very close to that of normal individuals. In twenty eases studied before 
treatment the abnormal feature was found in the minimum resistance. The 
trace of hemolysis cither did not appear at all until there was color enough to 
be seen at a glance, and Unis coincide with the point for definite hemolysis, or 
there was slight coloring of the supernatant fluid in several of the tubes above 
the point of definite hemolysis. This trace of hemolysis, due no doubt to the 
destruction of a few red cells, has often been overlooked or disregarded. The 
test is not of diagnostic value for pernicious anemia, because of the normal span 
of resistance in many eases and the wide range of variation. • The resistance of 
the red cells of four patients with the pernicious (macrocytic) anemia of preg- 
nancy gave similar results to those found in Addisonian pernicious anemia. 

Osteosclerotic Anemia. — Occasional observations were made on a patient 
with osteosclerotic anemia recently reported by Chapman. 13 The patient had 
between 1 and 2 million red blood ceils per cubic millimeter for more than a 
year. The resistance of the red cells was studied about two months after 
each of several transfusions. The minimum resistance was decreased through- 
out. The mean corpuscular volume was slightly above normal most of the time, 
while the mean corpuscular hemoglobin concentration was below normal. There 
were 5 to 10 per cent of reticulocytes present throughout this period. 

Aplastic Anemia. — Increased minimum and a normal or decreased maximum 
resistance have been recorded as a feature of advanced aplastic anemia. 14 ’ 15 ’ 10 
The consistent change has been stated to be a decreased maximum resistance 
and increased minimum resistance, producing a narrow span of resistance. Ob- 
servations in the late stages of the disease of two patients showed a slightly 
decreased span of resistance. 

Polycythemia Ruhr a Vera. — The resistance of the red cells in polycythemia 
rubra vera has been discussed by Minot and Buclnnan. 17 The variability re- 
ported by them was confirmed by the present study of five patients. In two 
patients the minimum resistance was 0.56 and 0.60 per cent sodium chloride, 
respectively, while the maximum resistance was practically normal. In other 
patients the minimum resistance was normal and the maximum resistance was 
increased, or a normal resistance was present. These differences may be mani- 
festations of the varied red cell values which obtained in these patients. 

Chronic Hemolytic Jaundice. — A study of thirteen cases of chronic hemolytic 
jaundice confirmed the observations of previous authors. 18 - 10 ’ - 0 ' 31 A decrease 
in the minimum resistance was found in all these cases. The maximum resistance 
was decreased in eleven of the thirteen cases. The abnormal resistance of the 
red blood cells to hypotonic sodium chloride solution was not found to be an 
index of the severity of the anemia or of the clinical condition of the patient. 
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Observations on throe patients with hemolytic jaundice were made one, 
two, and five years, respectively, after splenectomy. These patients were symp- 
tomatically well and the blood counts wore normal, but the resistance, both 
minimum and maximum, was still decreased. This agrees with the work of other 
investigators that the resistance to hypotonic salt solution remains abnormal after 
splenectomy, although the number of reticulocytes becomes normal, icterus dis- 
appears and the clinical condition of the patient becomes greatly improved. 

Leucemia . — Three cases of chronic lymphatic Icuccmia showed practically 
a normal span of resistance. At times during eight months of observation in 
one case the minimum resistance was decreased to 0.52 and 0.50 and the maximum 
resistance varied from 0.26 to 0.31 per cent of sodium chloride at different 
times. Complete hemolysis was very abrupt, as confirmed by direct microscopic 
examinations of the sediment. The resistance of the red cells in chronic myelog- 
enous Icuccmia varied within wide limits. In the seven patients studied the 
minimum 'resistance was decreased. There seemed to be no definite correlation 
in these eases between the resistance span and the number of the red cells, or the 
number and age of the white cells. 

Progressive Changes in the Resistance of the Red Blood Cells of Patients 
During Treatment . — Progressive changes in the resistance to hemolysis of the 
red cells were observed in certain types of anemia during a period of weeks or 
months while treatment was being given. As the degree of anemia changed 
there were changes in many of the corpuscular values; for example, in the 
mean corpuscular volume and hemoglobin content, and in the resistance to 
hemolysis. The consideration of the stage of the disease, therefore, is important 
in studying the resistance of the red blood cells. 

Hypochromic Anemia , — In hypochromic anemia the abnormal resistance 
of the red cells approached normal values as the small cell volume and lowered 


hemoglobin concentration increased toward normal as the result of effective 
therapy. These characteristic changes are illustrated by observations upon three 
patients with hypochromic anemia made during the period of response to therapy 
with iron and are presented graphically in Fig. 1. The first ease (Case 1) was a 
patient who had idiopathic hypochromic anemia with glossitis, dysphagia and 
achlorhydria. The red blood cell count on admission was 1,900,000 per emm 
and the hemoglobin was 19 per cenl. The maximum resistance’ was increased 
complete hemolysis occurring in as low a concentration as 0.10 per cent sodium 
chloride. The minimum resistance was only slightly diminished. The volume 
of the red blood cells was below normal (75 c. micra) and the mean corpuscular 
hemoglobin concentration was low (20.1 per cent). As the mean corpuscular 
volume and hemoglobin concentration rose in response to the dailv administration 
of iron and ammonium citrate, the point of maximum resistance or complete 
hemolysis approached the normal value. The red cells also increased in thick 
ness as the concentiation of hemoglobin increased (Table III Wi, on a ! 7 
served, the percentage of poikiloeytes in the blood « s of , , V ^ 
14.6 per cent, but four months later when the red ml i , 1S pat,ent was 
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cells in a given sample also varied markedly. The standard deviation of the 
diameters of the cells and the coefficient of variation have been determined to 
show the heterogeneity of the cell population (Table II). This standard devia- 
tion is a measure of the dispersion of the diameters, their range in size, and the 
way in which the numerical frequencies of the diameters are arranged. 3 These 
values are very much increased in these severe hypochromic anemias, but return 
toward normal, showing greater unifonnity of the cells coincident with the re- 
turn of the resistance values to normal. Direct observations of the nonhemolyzed 
erythrocytes in the tubes of salt solution near the point of complete hemolysis 
indicated that the change from partial hemolysis (the tube in which the “but- 
ton” of cells appears) to complete hemolysis was more gradual than that which 
occurred in the blood of normal individuals. When the sediments in the tubes 
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Case 1. 


Case 2. 


Case 3. 


Fig. 1*. — Resistance to hemolysis in hypotonic solutions of sodium chloride of the red 
blood cells in hypochromic anemia. 

*In Figures 1 to 4 inclusive the following abbreviations are used: 

R.B.C., red blood cells in millions per c. mm. 

Hgb., hemoglobin expressed in per cent; 100 per cent=15.6 gm. 

M.C.H.C., mean corpuscular hemoglobin concentration in per cent. 

mean corpuscular hemoglobin in micromicrograms (yy) 

M.C.V., mean corpuscular volume in cubic micro, (cu. /i) 

M.C.D., mean corpuscular diameter in micra ( fi ) 

M.C.T., mean corpuscular thickness in micra (aO 
Bed Cell. 

Resistance, The average normal value for minimum resistance (trace of hemolysis) and 
maximum resistance (complete hemolysis) is shown by dash lines on each chart. 


of salt solution of low concentration were observed under the microscope, 
polkilocytes and small cells represented a large percentage of the nonhemolyzed 
cells. 

In the second case of idiopathic hypochromic anemia' the initial red count 
was 4,350,000 per c.mm, and the hemoglobin, 31 per cent, which represents a 
very low mean corpuscular hemoglobin. The maximum resistance was in- 
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creased to 0.16 per cent sodium chloride, returning to normal with the return 
of the red cell and hemoglobin values to normal. The minimum resistance was 
slightly decreased during the first three months of therapy and then returned 
to normal. During this period the mean corpuscular volume, which was un- 
usually low (53 c. micra), doubled and the mean corpuscular hemoglobin re- 
turned to normal. The standard deviation of the red cell diameters from the 
mean and the coefficient of variation on this patient are also shown in Table II. 
These values showed some variation during the reticulocyte response but be- 
came lower, showing a decrease in the heterogeneity of the cells, as the span 
of resistance and other red cell values returned to normal. 



Case 4. Case 5. Case 6. 

Fig 1 . 2. — Resistance to hemolysis in hypotonic solutions of sodium chloride of the red blood cells 

in pernicious anemia. 


The third patient presented in Fig. 1 had the microcytic hypochromic 
anemia of pregnancy and was first observed following delivery. Here the re- 
turn of the resistance span to normal values was much more abrupt than m 
the other cases because of the rapid rise of blood values due to intensive iron 
therapy. During the first month following delivery the maximum resistance 
was increased markedly, as in the other cases. The minimum resistance was 
decreased during the first two months and returned to normal when the hemo- 
globin concentration had reached 30 per cent. The mean corpuscular volume 
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rose from 65 cubic micra to over 90 cubic micra coincident with the return of 
the maximum resistance to normal. 

Pernicious Anemia . — Observations made upon three patients with pernicious 
anemia are presented in graphic form in Fig. 2 and serve to illustrate the typical 
phenomena in relation to changes in resistance occurring in liver-induced re- 
missions in this disease. Since the original abnormality of the resistance in this 
condition is not so striking as in hypochromic anemia, the progressive changes 
occurring with improvement are not so striking as are those associated with 
the reticulocyte responses. Both minimum and maximum resistance may be 
altered at the time of increased production of young red cells. Thus, in each 
of these patients the reticulocyte response to effective liver therapy was accom- 
panied by a decreased minimum resistance. Not only was the point of truce 
of hemolysis altered at the time of the reticulocyte response, but also the point 
of definite hemolysis. The occurrence of definite hemolysis in such high con- 
centrations means that a great many of the cells became less resistant. Co- 



Fig. 3. — -Case 7. Resistance to hemolysis in hypotonic solutions of sodium chloride Sr ti,„ i 

blood cells in aplastic anemia. B UI lnc ,ec * 


incident with the reticulocyte response and the decrease in the minimum resist- 
ance there was a sudden decrease in mean corpuscular hemoglobin and 
hemoglobin concentration. Some increase in the mean corpuscular volume also 
occurred. Since the new young cells (reticulocytes) arc usually larger than 
those normally present in the Wood .stream 22 - «. 22 but relatively poor in hemo 
globin, it is suggested that such cells may be responsible for the changes observed 
during the response to liver extract therapy. The minimum resistance was 
however, not always decreased at the time of the reticulocyte response Under 
.tosc n was found that the moan concentration of hcmo-lobta 

" as At,cr «“>"*«#» tod at least a level of 4,000 000 ner 

c.mm., the maximum and minimum resistance were normal ’ P 

The maximum resistance was nractimilK- , . ’ 

fore treatment. There were marked increases in iW, "V' * U Ce . pat,ents Ac- 

linic of the reticulocyte responses \ slight inci-P nnxnnum resistance at the 

1 ses. A slight increase m the maximum resistance 




1132 


TIIE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


developed in Case 4 during and after treatment. Coincident with this increased 
maximum resistance there was a decreased concentration of hemoglobin in the 
cells. Thus these cells became low in hemoglobin like the cells in the less severe 
cases of hypochromic anemia in which comparable changes in the maximum re- 
sistance occurred. 

Aplastic Anemia . — The observations on two patients with aplastic anemia 
seem to show correlations between the normal or decreased span of resistance and 
the relative uniformity of the red cells. The red blood cells of both patients 
remained below 2,500,000 per c.rnrn. throughout the period of observation. The 
data from observations upon one of these cases arc shown in Fig. 3. The span 
of resistance was decreased in four out of six observations. It may be seen 
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Fig. 4. — Case S. Resistance to hemolysis in hypotonic solutions of sodium chloride of the led 
blood cells in chronic hemolytic jaundice. 

that the difference between definite and partial hemolysis is very much less than 
normal in this case. The mean corpuscular hemoglobin concentration in this 
case was about normal, while the mean corpuscular volume and the mean 
corpuscular hemoglobin were greater than normal. The second case was 
similar in that the span of resistance was decreased in nine out of fourteen ob- 
servations. 

Chronic Hemolytic Jaundice . — Certain changes in resistance in hemolytic 
jaundice were observed in following the course of the individual cases. In Fig. 
4 are presented data from a patient with congenital hemolytic jaundice who 
was studied for more than a year, during which time splenectomy was per- 
formed. Before splenectomy the minimum resistance varied from 0.50 to . 
per cent sodium chloride, and the maximum resistance, from 0.26 to 0.36 per 
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cent sodium chloride. Thus the span of resistance was less than normal m some 
observations. The hemoglobin content and volume of the red blood cells varied 
comparatively little during these three months until the last week before 
splenectomy. At this time a hemolytic crisis occurred and the reticulocytes 
increased from about 20 to 43 per cent, and the minimum resistance decreased 
to 0.80 per cent sodium chloride. The reticulocytes returned to normal almost 
immediately after splenectomy but the minimum resistance remained abnormal 
a fact which has been observed by other investigators. 19 ’ ~ l The markedly de- 
creased minimum resistance fluctuated between 0.80 and 0.66 per cent sodium 
chloride during the first month after splenectomy, and at the end of seven months 
was still decreased to as much as 0.64 per cent sodium chloride. The maximum 
resistance is said to be increased after splenectomy, but, in this case, it remained 
increased only while the hemoglobin concentration was below normal. Following 
splenectomy there was a sudden relative decrease in the mean corpuscular hemo- 
globin concentration and gradual decrease in the mean corpuscular volume ac- 
companied by an abnormally increased maximum resistance which persisted for 
nearly a month. Here, perhaps, is a resemblance to the conditions found in hypo- 
chromic anemia. 

DISCUSSION 


The greatest difficulty in determining from these observations what char- 
acteristics of the erythrocytes produce a given change in resistance is that the 
cell population is extremely heterogeneous in most pathologic conditions. To 
compare the end-points of a series of observations upon resistance with the mean 
values for cell volume and hemoglobin concentration is obviously not satisfactory. 
The breadth of the span of resistance was suggested by Chauffard 18 to have a 
relationship to the range of variation in the cell population. In order to demon- 
strate this variation a study of the standard deviation of the diameter in dif- 


ferent types of cases has been made. It is not intended to imply that variation 
in diameter is the factor directly responsible for variation in resistance. Such a 
measurement is merely a practicable means of expressing heterogeneity of the 
cell population. In respect to resistance there may be some factor of hetero- 
geneity of cell population less easy to measure. The standard deviation is a 
measure of the dispersion of the diameters, their range in size, and the way in 
which the numerical frequencies of the diameters arc arranged. These figures 
have been determined for about thirty eases, including normal individuals 
patients with pernicious anemia, hypochromic anemia, Cooley's anemia hemolytic 
jaundice, acute blood loss, and aplastic anemia. In general the m-eater th 
dispersion of the cell diameters, the greater is the span of resistance The re 
soils on eases of hemolytic jaundice and pernicious anemia at the reticulocyte 
response seem to be exceptions. The progressive narrowing of the span of 1 
sistance in hypochromic anemia during treatment follows the same law Exam" 
ination of the blood smears of the cases which hod o „.;u 

M eonsklcal.le variation in ^ F*.* T*"™ alS ° 

The fact that .. a “ °Lr^° bm m <*"*• 

associated villi inereased mavitnnm resistance 7 khiomic anemia was often 
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the oilier hand, in aplastic anemia the narrowed span of resistance may well lie 
associated with the greater conformity to a given cell type, as was shown by 
the standard deviation of the diameters. 

In 1922, Giinsslen 25 stated his belief that the cells in chronic hemolytic 
jaundice are more susceptible to hemolysis because they are more spherical than 
normal erythrocytes. According to Hadcn 5 ® this principle applies to other 
pathologic conditions in man, especially hypochromic anemia. In the blood of 
hypochromic anemia the presence of numerous poildlocytes (nonspherical cells) 
in the sediments in the lower concentrations of salt beyond the point of “button” 
is in accord with this principle. It is probable that the low hemoglobin concen- 
tration is an additional factor working for increased maximum resistance, since 
if the cells are not well tilled with hemoglobin, the thickness of the cells might 
conceivably be decreased. 

Although a lowered mean corpuscular volume and mean corpuscular hemo- 
globin concentration are also correlated with an increased maximum resistance 
in hypochromic anemia, Cooley's anemia, and polycythemia, and although the 
normal maximum resistance in pernicious anemia and aplastic anemia is asso- 
ciated with more normal values for mean corpuscular volume and hemoglobin 
concentration, it is probable that those correlations appear because of their in- 
fluence on cell shape. 

Reticulated, as well as nonreticulatcd, cells show physical changes which 
may be related to the changes in the resistance. By some investigators the in- 
creased maximum resistance is associated with increased reticulocytes, while by 
others the decreased minimum resistance is correlated with the increased reticulo- 
cytes. Simmel 27 gave a comprehensive review of the literature and concluded 
that difference in age of cells may cause this variation in resistance. Minot and 
Buckman 17 associated the increased span of resistance in erythremia with dif- 
ferent ages of red cells in the blood. Either the minimum or the maximum re- 
sistance or both may be altered with the increase of reticulocytes, but there is no 
definite correlation between the actual number of reticulocytes in the blood and 
either the minimum or maximum resistance, if all types of cases are studied as 
one group. A study of the diameters of the cells in fixed preparations showed 
that the reticulocytes in different conditions or stages of the same conditions vary 
markedly in size from reticulated macrocytes to reticulated microcytes, and that 
the amount of hemoglobin in these cells also varied considerably. The best ex- 
planation that can be given at this time is that the sudden physical changes of 
the red cells in pernicious anemia at. the time of the reticulocyte response, which 
are demonstrably associated with increase of the mean corpuscular volume or 
lowering of the mean corpuscular hemoglobin concentration, may change the 
resistance of the erythrocytes. These alterations in resistance are apparently 
not due to any quality inherent in the age of the red blood cells but to changes 
in their size, shape, hemoglobin concentration, or other factors. 

SUMMARY 

1. A method has been described for determining the resistance of the red 
blood cells to hypotonic salt solution. The amount of solution and the amount of 
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red cell suspension are kept uniform throughout. The careful reading of the 
end-points makes it possible to observe slight variations in the resistance of the 
red cells. 

. 2. The usual observations of the maximum and minimum resistance in the 

various blood disorders may be summarized as follows : 

Normal maximum resistance occurs in pernicious anemia and lymphatic 
leueemia. 

Increased maximum resistance may be found in various sorts of hypo- 
chromic anemia, erythroblastic anemia (Cooley’s), polycythemia rubra vera, and 
in myelogenous leueemia, depending upon the degree of anemia present. In 
idiopathic thrombocytopenic purpura and hemophilia the changes are apparently 
consistent with the degree of hypochromic anemia. After splenectomy in hemo- 
lytic jaundice and occasionally in pernicious anemia during treatment, a tem- 
porary hypochromic blood picture may be accompanied by increased maximum 
resistance. 

Decreased maximum resistance is usually found in hemolytic jaundice and 
in advanced aplastic anemia. 

Normal minimum resistance may be found in moderate degrees of hypo- 
chromic anemia, including that of purpura, hemophilia, Banti’s disease, some- 
times in pernicious anemia and in polycythemia vera. Barely it is normal in 
hemolytic jaundice. 

Increased minimum resistance occui's in pernicious anemia in severe relapse 
and in aplastic anemia. 


Decreased minimum resistance is usually found in hemolytic jaundice and 
may be found in hypochromic anemia, erythroblastic anemia, polycythemia vera, 
and myelogenous leueemia. 


3. In general, with the exception of hemolytic jaundice and pernicious 
anemia in remission, the standard deviation of the cell diameters increases as the 
span of resistance increases. This variation in cell diameter is somewhat repre- 
sentative of the heterogeneity of the cell population and may be better correlated 
with variations in resistance than mean values. In hypochromic anemia as the 
standard deviation of cell diameters from the mean decreases as a result of 
therapy, there is a progressive decrease in the span of resistance. 


4. The increased maximum resistance in hypochromic anemia Cooley’s 
anemia, and polycythemia rubra vera is associated with a lowered mean cor 
puscular volume and mean corpuscular hemoglobin concentration The latter 
may he important in causing flattening of the erythrocytes observed by Hadcn=* 
m this condition. According to the theory of Gansslcn- the numerous poildlo- 
cytcs should be an additional factor making for increased resistance since thev 
present sinking deviations from the spherical form associated with it decreased 
resistance in hemolytic jaundice. 
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A CORRELATION OF ANATOMICAL FINDINGS WITH 
ABNORMALITIES OF THE Q.-WAVE* 

Frederic Feldman, B.S., M.D., and Daniel Kornblum, M.D., 
Brooklyn, N. Y. 


C ONSIDERABLE attention has been directed recently to disturbances of the 
initial part of the ventricular complex in the electrocardiogram, particularly 
a deep Q-wave in Lead III. Such a wave is a normal feature in cardiographs 
exhibiting right axis deviation. However, a great deal of discussion has been 
aroused as to its possible pathologic significance in cases with normal axis or 
left axis deviation. Parkinson and Bedford, 1 and Levine and Brown 2 reported 
the finding of a deep Q-wave in Lead III of the electrocardiogram in cases of 
coronary occlusion. Pardee 3 and Willius 4 found a deep Q-wave in Lead III in a 
variety of clinical conditions, notably anginal syndrome, arterial hypertension, 
arteriosclerosis with myocardial fibrosis, and pregnancy. 

From their anatomical studies, and for theoretical reasons discussed in their 
paper, Fenicliel and Kugell 5 concluded that injury to the smaller subdivisions 
of the conducting mechanism in the posterior part of the septum is probably 
responsible for the development of the characteristic Q-wave. Other authors, 0 " 8 
on the other hand, believe that a deep Q-wave in Lead III can often be ex- 
plained by a change in the axis of the heart. Wilson, et ah, 9 and later Barnes 10 
have recently called attention to the frequency of a deep Q 3 -wave in records 
showing inversion of T 3 in cases of infarction of the basal portion of the posterior 
wall of the left ventricle. Such records were designated Q 3 T 3 types and were 
considered by Barnes to be more definitely correlated rvith' basal ventricular 
infarction than T 3 changes alone. Since the posterior portion of the septum 
is frequently involved in cases of infarction of the left ventricle posteriorly, 
the question arises whether the deep Q 3 is correlated (1) solely with the septal 
pathology, as stated by Fenicliel and Kugell or (2) with the ventricular wall 
lesion, which may or may not involve the septum posteriorly. Wilson et al 
and later Barnes further noted the presence of deep -waves in association 
with T, inversion (Q/T, types) in cases of anterior wall infarction, also in- 
volving, as a rule, the anterior portion of the septum. 


W »th the hope of throwing some light on this subject, an attempt is made in 
tins report to correlate abnormalities of the Q-wave and inversion of the T wave 
with pathologic findings in the heart, in a series of autopsies that have come 
under our observation during a period of about two years. 
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Pardee’s criteria for an abnormal Q-wavc were as follows: An initial nega- 
tive wave in Lead III of more than 25 per cent of the maximum deflection in 
any lead, immediately followed by a definite upright wave. In the present 
study, Pardee’s criteria were followed except that those eases were also 
included which did not show a definite upward deflection immediately fol- 
lowing the initial negative wave in Lead III (Fig. 2). Thus, cases with left 
axis deviation without an upward deflection at the beginning of the ventricular 
complex were considered abnormal by us. As has been pointed out by Sliook- 
hoff and Douglass, such an abnormal Q.-wave docs not correspond in time with 
Q, or Q ; but is synchronous with parts of R, or R„. This is to he expected 
since the wave in question is very frequently a Q-wave combined with the main 



Fig’. 1. — Heart (Case 1S15) showing old infarctions of posterior ventricular and posterior 
septal walls. A, Anterior aspect, p. Posterior aspect. P. V. IV, Posterior ventricular wall with 
area of marked thinning and scarring. S, Extension of scarred area to posterior portion of 
septum. 

downward deflection. We hesitate to add a new term to the nomenclature, and, 
therefore, we have designated the combined deflection as a deep Q 3 -wave or as 
an abnormal Q-wave. 

Fenichel and Kugell described two cases with L.V.P. in which the initial 
upward deflection in Lead III was less than 5 per cent of the maximum total 
deflection. Both of these eases showed pathologic changes similar to those in 
which they found a deep Q-wavc, and they called this particular type of excur- 
sion an indeterminate Q-wave. This type of wave was encountered once in our 
study. 

Of thirty -two pathologic hearts with recent electrocardiograms available 
(taken within a month of death), we discarded five cases with bundle-branch 
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block and four with right axis deviation. The twenty-three hearts which re : 
mained for study were divided into two groups, those without coronary occlusions 
and myocardial infarction, and those with old or recent myocardial infarction. 

Table I records the pathologic and electrocardiographic findings in the 
former group. None of these cases showed any gross pathologic lesions in the 
ventricular walls or in the septum. However, diffuse myocardial changes or 
interstitial fibrosis, not visible to the naked eye, occurred quite commonly, both 
in the ventricular walls and in the septum. A deep or abnormal Q-wave did not 
appear in any of the electrocardiograms in any lead, although inversion of the 
T-wave occurred nine times. 

The second group consisted of nine cases with old or recent myocardial in- 
farction (see Table II). The posterior part of the septum was involved in eight 
of the nine cases. In seven of these eight eases there were abnormalities of the 
Q-wave in Lead III. In the remaining ease (No. 6), the pathology involved 
primarily the anterior ventricular wall and septum, and only a small portion 
of the posterior part of the septum was involved, by extension. Incidentally, this 



Fig-. 2. — Electrocardiogram of the heart in Fig. 1 , showing an abnormal Q-wave with inversion 
of the T-wave and an upward convexity of RT-segment in Lead III. 


case showed a deep Q, in association with an inverted Tj. Of the seven cases 
with abnormalities of Q 3 , five had definite deep Q,, one a transient prominent 
Q 3 , and one an initial upward deflection of less than 5 per cent, belonging to 
the type characterized by Fcniclicl and Kugcll as the indeterminate Q 3 

In three cases, infarction of the posterior ventricular wall was associated 
with the posterior septal lesions (Fig. 1). In two of these a T, inversion was 
present with a definite deep Q 3 . The third case had no inversion of T in anv 
lead and showed an indeterminate type of Q-wave. In one case, although the 
infarction primarily involved the anterior ventricular wall and septum \ ex 
tended back sufficiently to involve the entire lower half of the posterior portion 
of S 0 p,„ m . This W a T invent with the Q, ,Lo 
mfnre ,o,. s occurred m l, Ml. an error ami posterior portions of ,I, 0 mvocardfam 
as well as in the posterior septal wall, no inversion of the T- * ’ 


In summarizing, it may he said : That 


wave occurred. 


no ease with a deep or abnormal 


Q-rvnvo in ..end III foiled ,0 shore s ross posterior sop,.,, p^L” nonc 
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of the cases free from gross lesicus in the posterior part of the septum showed 
a deep Q-wavc in Lead TIL Seven of Hie eight, cases (87.5 per cent) with 
posterior septal infarction had a deep or abnormal Q-wavc in Lead III. In two 
of three cases of infarction of the posterior ventricular wall involving the 
posterior portion of the septum, an inverted T. was associated with a deep Q 3 ; 
also an inverted T 3 was associated with n deep Q 3 in one instance of anterior 
ventricular wall infarction extending to the posterior portion of the septum. 

CONCLUSIONS 

1. A deep Q„ is a very frequent finding in cases of old or recent myocardial 
infarctions. 

2. A deep Q 3 appears to he correlated with pathology of the posterior part 
of the septum. 

3. The QjTj combination is suggestive of posterior ventricular infarction 
associated with posterior septal wall lesions; a Q.Tj combination may occur 
when the posterior part of the septum is involved in the infarction of 1 he anterior 
portion of the left ventricle and septum. 
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TOTAL SULPHUR OF TISSUE IN NORMAL AND ABNORMAL GROWTH 

(MOUSE CARCINOMA)* 


Herman Brow^t, B.S., and Joseph Y. Klauder, M.D., Philadelphia, Pa. 


C ONSIDERABLE investigation has been conducted regarding the role that 
sulphydryl compounds play in cellular activity of normal and abnormal 
growth. It has been known for some time that cystine, the oxidized form of 
the sulpliydryl-containing amino-acid cystine, is one of that limited group of 
amino acids which is indispensable for normal growth and development. Ani- 
mals maintained on a eystine-poor diet show lowered vitality, retarded growth 
and defective hair.f In a previous communication 7 we reported studies and 
reviewed data showing the important role that cystine plays in the formation 
and development of keratin-containing tissue, especially hair and wool.f 

Whether reduced cystine alone is the primary agent in growth-promoting 
activity is controversial. Hammett is the chief proponent of this vietv. From 
the results of experiments with plant and animal material Hammett and his 
coworkers 13 ’ 14 concluded that sulphydryl, as the substance occurring natur- 
ally in the cell, is the essential and universal stimulus to growth by increase 
in the number of cells, and that the reaction product, derivatives of sulphy- 
dryl are the natural inhibitors of this process, so that the stimulation by 
sulphydryl is normally limited by the inhibitory action of the suboxidized 
forms of sulphydryl resulting from the normal oxidation of sulphydryl. 
Reimann and Hammett 15 have reported gross acceleration of wound healing 
by the simple external application not only of cystine but also of thioglucose 
and thioeresol. 


Hammett’s thesis that sulpliydryl-containing substances are the essential 
and universal stimulus for normal growth in plants and animals is of con- 
siderable importance from the standpoint of the development and prolifera- 
tive activity of malignant tumors. 

From their studies of the action of sulphydryl on normal cell proliferation 
Hammett and Reimann formulated the following theory of the origin of 
cancer: The biologic basis of malignant tumors is the distortion of the sulphy- 
drvl eq uilibrium in the presence in the body of genetically determined lines 
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Klycolllc ncld 1 or taurine* were found Inadequate*, to supplement and thio- 

tor maintenance or growth. Indeed, npparonttv d-evstine ct ■ Uet either 

naturally occurring 1-cystine In the animal economy J 'Mcminn... , , ’ ■ for the 

to replnco cystine In the dlet.« ' -Methionine, however, seems effectively 

lAnlmals maintained on a eystine-poor diet soar, „,-i.n , 

Krowth* and defective formation of tissues. The latter u ; °"' r ' rC(1 vitality, retarded 

taininp tissue In which cystine content Is relatively hteh » aI r “Parent i n keratln-con- 

loss Is restored when cystine is added to the diet.” if theTiie? 0 i TU°. ms disappear and hah 
production nr I, air” and wool” is obtained. the <llet ls fid' in cystine an excessive 
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of cells in which the heightened nuclear reactivity of hypersensitivity to stimu- 
lation of proliferation by sulphydryl characteristic of young, incompletely 
differentiated cells arc retained, without resulting secondarily in increased 
differentiation. As the diverse architecture of malignant growths is essenti- 
ally a consequence of the diverse anatomic and physiologic environments in 
which the proliferation of cells takes place, and as the increase in mitotic 
activity is. in general followed by a decrease in Ihe size of the cells, the rate 
of tumor growth is directly related to the interpretation of malignancy in 
terms of sulphydryl calculated from cell size. Sarcomas and carcinomas rep- 
resent different constitutional (connective tissue or epithelial) types. The 
difference in hydrogen ion concentration, carbohydrate metabolism, and pro- 
teolytic activity of the malignant cell in comparison with the normal cell are 
but sequelae of the heightened reproductivitv of the malignant cell. 

In a review and critical analysis of experimental work regarding the 
etiologic relation of glutathione and sulphydryl to cancerntion, Huepner 10 con- 
cludes: “If one grants sulphydryl substances a contributory part in the 
development of malignant growth it can be at best only a secondary role, 
remaining in the framework of their normal function.” 

Among data which Ifuepner reviewed, which he believed controverted an 
etiologic relation between snlpliydryl-containing substances and malignancy 
was the findings of a number of investigators that showed that the glutathione 
content of malignant tumors was not greater than that, present in normal 
tissue. 

Besides cysteine, tliioneine and glutathione, tliiolactic acid, thioglycollic 
acid and tliioprotein may also play a role in promoting tissue growth and 
may all derive their sulphur from cystine in the diet. 

In the studies here reported of the relation of sulphydryl compounds to 
normal and abnormal growth we studied the total sulphur content of the 
skin of rabbits ; and of different, organs of mice maintained on normal and 
on cystine-poor diets; and noted the effect of such diet on the rate of growth 
of cancer in mice. An attempt was made to correlate the rate of growth with 
the sulphur content of the tumors. Total sulphur determination® was selected 
in preference to the estimation of individual naturally occurring sulphydryl 
compounds. Determination of total sulphur is more accurate and affords a 
composite picture of all the sulphydryl compounds which may be operative 
in stimulating growth. Our purpose was not concerned with the relative 
effectiveness of reduced or oxidized forms of sulphydryl substances but. to 
correlate total sulphur content of tissue in normal and abnormal growth (car- 
cinoma in mice). 

The skins of rabbits were employed in our study of the total sulphur 
content of normal growing tissue. Skin is ideal for such study; it is a rapidly 
growing tissue; it is relatively high in sulphur;® it can be obtained free of 
blood and extraneous tissue; in normal growth it increases, proportionally, 
more rapidly in size than other organs. The skins of litter mates of rabbits 


•Sulphur was determined according to the method ot Stockholm and Koch. 1 ' 
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were analyzed for total sulphur from birth to maturity. A series of such 
analyses were conducted and .repeated on a second litter. 

The results of this study shown in Table I are the averages of the two 
determinations for each age interval. It is to be observed that a definite 
decrease in total sulphur content occurred from birth to maturity. As the 
rapidity of growth decreased with the age of the animal the sulphur content 
likewise decreased. 

In Thompson and Yoegtlin’s 18 study of the glutathione of the organs of 
the white rat it was observed that glutathione declined with the age of the 
animal. The decline was proportionately greater than that of the sulphur 
content of the skin of rabbits as shown in Table I. 


Table I 

Relation or Normal Growth to Sulfur Content or Rabbit Skin 


AGE 

'WEIGHT OF RABBIT 

GUI. 

SULPHUR IN SKIN 
% OF DRY WEIGHT 

1 day 

76 

0.68 

2 weeks 

180 

0.69 

1 month 

252 

0.65 

3 months 

810 

0.54 

(i months 

1200 

0.44 

8 months 

1500 

0.46 


In order to determine the effect of a cystine-poor diet on the sulphur 
content of tissue, a number of white mice were placed on such a diet® for 
five weeks at which time the sulphur content of muscle, liver, spleen, kidney, 
and skin of the animals was determined.! As a control study the same organs 
of white mice maintained on a normal diet were examined for total sulphur 
content. 

The results of this study are shown in Table II. The figures for percent- 
age sulphur represent averages of at least four analyses of pooled organs from 

Table II 


Sulphur Analysis of Organs of Normal Mice and Mice on Cystine-Poor Diet * 1 

SULPHUR % OF DRY WEIGHT 


TISSUE 

Muscle 

Liver 

Spleen 

Kidney 

Skin 


NORMAL MICE 


0.4.0 

0.59 

0.01 

0.02 

0,50 


AFTER 5 WEEKS ON 
CYST INE-POOR DIET 

039 

0.45 

0.53 

0.44 

0.41 


mantis of int 
nve weeks. 


'Above results seem to Indicate a. slight but definite less r~ 

- etabolisn, due to withholding cystine from the diet Stef wen 


to meet the de- 
this cl let about 


severnl mite. 11 » to 1.0 "W-oa in Table II tj, a ( tl.e.-e „ a I oss „f sl , Iph „ r 
lllc " r "MinlMWd on a cysline-poor diet. Fifty pel- 


low 

an 


- — “-v w j. 

•Tim ilb't. a luoillfloution of that Prorvi end «».. r f„i . 

■vine : Drle.l whole milk 17. gelatin 3 dextrin -V p, ' tbo!, . v and Lewis 1 ' consisted of the fnl 
id Osborne and Mendel's salt mixture 2 ' con, Pressod yeast 1.5. cod liv?r olf it 

tlnorganle sulphur was of course lnehi. 1.,1 „ 

of inorganic sulphur In the organs ox'andne", The 
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cent of the animals maintained for five weeks on a cystine-poor diet succumbed. 
It was, therefore, not practical to prolong the .experiment. It is reasonable 
to assume that more striking results would have been obtained if the animals 
were maintained longer on the cystine-poor diet,. However the results, in 
contrast to the control stud}' are sufficiently definite to warrant the conclusion 
that a loss of body sulphur occurs following a cystine-poor diet. 

In view of our observations that sulphur content of tissue decreased with 
the rate of normal growth, and, that loss of sulphur occurred after cystine- 
poor diet, we conducted the following study to determine the effect of cystine- 
poor diet on abnormal growth. Fifty white mice were placed on such a diet. 
At the end of four weeks twenty-two had died. The remaining twenty-eight 
were inoculated with an actively growing mouse carcinoma and the cystine- 
poor diet continued. As a control, twenty mice maintained on a normal diet 
were likewise inoculated. Both groups of inice were examined at weekly 
intervals for four consecutive weeks following the inoculation. The results 
of this study are shown in Table III. It is to be observed that the number 
of “takes” in the group of mice on the experimental diet were considerably 
less, and that the tumors grew more slowly than in the group on normal diet. 

It is well known that under normal conditions of diet and health, some 
variation occurs in the rate of growth of mouse carcinoma. Generally, how- 
ever, three weeks after inoculation the majority of mice present a tumor more 
than one-half the size of the animal. Occasionally, the tumor is smaller and 
may not attain the usual three-week size until eight weeks or longer. In 
some animals, too, the usual three-week size is not attained, the tumor stops 
growing, retrogresses and disappears. In the course of this study such slow 
growing tumors were observed among the mice in good health and on normal 


Table m 

Tumor Growth in Normal Mice and in Mice on Cystine-Poor Diet 


NO. MICE INOCULATED 

1 WK. 

NO. OF 
2 WK. 

( 1 TAKFS ' 1 AFTER 

3 VTK. 

4 WK. 

20 (controls) 

10 

1G 

is 

IS 

*20 (cystine-poor diet) 

0 

o 

6 

7 


•Although twenty-eight on this diet were inoculated only twenty were alive at the end 
of the observation period. 


diet. A comparative study of the sulphur content of slow growing, rapid 
growing tumors, and tumors in various stages of necrosis was made. This 
group included mice maintained on normal diet with one exception as noted 
in Table IY. The results as shown in this table are representative of other 
determinations not listed in the table. These results indicate that the sulphur 
content of mouse carcinoma correlates the rate of its growth. The more rapid 
its growth, the greater the sulphur content, the slower the growth, the less 
the sulphur content. The slowest growing tumor in our series had a sulphur 
content approximately that of normal muscle (mouse, see Table II) whereas, 
the sulphur content of the most rapidly growing tumor was more than 50 per 
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cent higher. The correlation of the sulphur content with the rate of growth 
applied to animals on normal diet, as well as to the animals on cystine-poor 
diet. 

DISCUSSION 

Pertinent to this study is the fact that the organs that continue to grow 
alter full body growth is attained contain a high amount of sulphur, for ex- 
ample, hair, nails, and skin ; the more rapidly growing tissues contain more 
sulphur than other organs. It is not our purpose to endeavor to show that 
such growth receives its impetus from the sulphur compounds in these tissues; 
our results indicate, however, a coordination between sulphur content and 
rate of growth, normal and abnormal. Such coordination has been observed 
to exist between glutathione content of normal tissue and malignant growths . 20 


Table IV 

Kri.pnrr: Content of Transplanted Mousf. Carcinoma of Different 
Rates of Growth 
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The state oi' nutrition of the animal seems to be a factor in growth of 
mouse carcinoma. Ilirata 25 studied the effect, of different diets on the rate 
of growth of Flexner rat carcinoma. It was observed (lint growth of the 
tumor was retarded in animals on an inadequate diet, irrespective of the fac- 
tors concerned in this inadequacy. 

In studies published by the British Empire Cancer Campaign, it was found 
that any foodstuff, whose inclusion in the basal diet improved the general 
condition of the animals as shown by their appearance, increased life spans 
and rates of growth, also produced the same effect on the rates of growth of 
the benign and malignant tissues. Conversely, any food supplement which 
adversely affected the general condition of the animals decreased the rates 
of growth of the tumors. 

Watson 20 observed an increased carcinogenic response in tar-treated mice 
when the diet on which they are maintained is supplemented with fresh liver. 
Such diet did not accelerate the onset of malignancy. There was no difference 
in the rate of development of malignancy if the administration of liver was 
discontinued after the first appearance of the benign warts. 

The results of Ilirokawa ’s 27 study arc pertinent to our results herein re- 
ported. He fed different groups of mice rice dough, wheat bread, and “fu” 
(a kind of cracknel made of gluten). These animals were implanted with 
mouse carcinoma. The results showed that the percentage of successful tumor 
inoculations and the rate of tumor growth in mice were distinctly diminished 
by feeding the animals with “fu” exclusively. 

In studies herein reported animals maintained on a low cystine diet were 
in consequence of such diet in poor nutritional state. As mentioned in the 
foregoing the mortality rate was high. It is possible that the poor nutritional 
state of the animals played a role in retarding the rate of growth of the car- 
cinoma irrespective of cystine insufficiency. However, since we correlated the 
rate of growth of transplanted tumors with the sulphur content, and since we 
observed a loss of sulphur in organs of mice maintained on a cystine-poor diet, 
it is reasonable that cystine insufficiency played some role in retarding the 
rate of growth of the transplanted tumors in the animals maintained on a 
cystine-poor diet. 

The occurrence of slow growing tumors in animals on a normal diet ap- 
parently cannot be attributed to cystine insufficiency. This observation, as 
well as foregoing considerations makes it apparent that other factors are 
operative in retarding the rate of growth of transplanted tumors. Regardless 
of these factors it appears from our studies that the rate of growth of trans- 
planted tumors correlates the sulphur content. 


SUMMARY AND CONCLUSIONS 

Data are reviewed pertaining to the role that sulpliydryl compounds play 
in cellular activity of normal and abnonnal growth. 

Study was made of the total sulphur content of tissue, in normal and in 
abnormal growth. The skin of rabbits was selected as representing normal 
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growing tissue. Analyses of total sulphur were made from birth to maturity. 
It was observed that total sulphur correlated the age of the animal, as rapidity 
of growth decreased with the age of the animal, the sulphur content likewise 
decreased. 

The effect of cystine-poor diet on the sulphur content of muscle, liver, 
spleen, kidney, and skin of white mice was studied. There was a loss of sul- 
phur in these organs in comparison with the control animals maintained on 
a normal diet. It appears from these studies that a loss of body sulphur occurs 
following a cystine-poor diet. 

Total sulphur content of transplanted mouse carcinoma in animals on 
normal diet and in cystine-poor diet was made. It was observed that the 
rate of growth of the tumors correlated that sulphur content, the slower the 
growth the less the sulphur content, the more rapid the growth the greater the 
sulphur content. Data are reviewed pertaining to factors operative in retard- 
ing the rate of growth of transplanted tumors. It appears that regardless 
of factors involved in retarding the rate of growth of the tumors in the ani- 
mals studied, the sulphur content correlated the rate of growth. 
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THE ETIOLOGIC RELATIONSHIP OF AMIDOPYRINE TO 
AGRANULOCYTOSIS* 


Fred Stkxn, M.D., Chicago, III. 


T HE role that amidopyrine plays in agranulocytosis is not altogether clear. 

Since 1931, when Kraeke* suggested the possible relation between this dis- 
ease and the ingestion of coal tar derivatives, many reports have appeared in 
this country, Scandinavia, and Holland, viewing the therapeutic use of amido- 
pyrine with disfavor. Foremost in this regard have been those of Watkins," 
Roberts and Krache, 3 Kracke and Parker, 4 Madison and Squier, 5 Randall,*' 
Hoffman, Butt, and Hickey, 7 Holten, Nielsen and Transbol, 8 Secman, 0 and 
Fitz-Hugh, 10 among others, each of whom presents cases giving a history of tlie 
taking of amidopyrine or related drugs. However, Jackson 11 doubts the sig- 
nificance of these drugs. In his study of twenty-seven eases of agranulocytosis 
only seven could be attributed, though with question, to the ingestion of 
amidopyrine. 

At the present time there is no convincing experimental evidence that 
amidopyrine can produce agranulocytosis in laboratory animals, which fact does 
not necessarily mean that agranulocytosis in man may not he produced by this 
drug. Madison and Squier 5 reported that they had produced agranulocytosis 
in a single rabbit but failed in eighteen others, and this solitary positive result 
has not been repeated by the many others who have given amidopyrine to ani- 
mals. Incomplete oxidation of the drugs containing the benzene ring (ace- 
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tanilid, phenacetine, amidopyrine and arsephenamine) leads, according to 
Kraeke, 12 to the formation of catechol, para-quinone, and quinone, which, he 
suggests, may be the responsible agents. In a personal communication Kraeke 
and Parker 13 informed me that they have obtained agranulocytosis in rabbits 
injected with quinone. (I have failed to obtain similar results in twenty rab- 
bits that were injected daily for three weeks by the subcutaneous route with 
quinone in doses of 0.002 to 0.100 gm.) Miller 14 after administering orally to 
sixteen dogs 0.3 gm. per kilo of amidopyrine for four weeks found no marked 
decrease in the number of granulocytes in the peripheral blood. Suggestive, 
however, is the fact that histologic study of the bone marrow of the femur 
revealed a decrease or almost complete absence of granulocytes. 


In an effort to investigate the effect of amidopyrine on the white and dif- 
ferential blood count I undertook a study of some 120 animals, comprising 
the guinea pig, the rabbit, and the monkey, over a period of eight months. 
Amidopyrine (Metz) was given orally to one group in doses from a fraction 
of a grain to three drams, and blood counts and differentials were taken daily. 
The symptoms were stupor, diarrhea, and loss of weight. Many of the animals 
died of pneumonia, some from amidopyrine poisoning, but at no time was 
agranulocytosis observed. This work was repeated with subcutaneous, intra- 
peritoneal, and intravenous injections, but no change in the blood picture oc- 
curred. With another group an attempt was made to sensitize some of the 
animals treated, and these were given a one-month rest period, after which the 
medication was again given, still without effect. Incidentally, a pregnant guinea 
pig was injected with huge doses of the drug for one and a half months, but 
the newborn guinea pig and the mother both had normal blood pictures. 


The next problem contended with was: Do severe anemia, damage to the 
hone marrow, starvation, chronic infection and toxemia, or cachexia consti- 
tute the soil upon which agranulocytosis develops when amidopyrine is admin- 
istered! The first group of animals in this series was hied daily until the red 
blood count fell between 1,500,000 to 2,000,000 and the red cells in the smear 
showed anisocytosis, poikilocytosis, and polycliromasia. Despite this prepara- 
tion the white blood count failed to fall upon prolonged administration 0 f the 
drug. In the second group, small quantities of benzene in olive oil were in- 
jected subcutaneously until a severe neutropenia and anemia were produced 
In most of the animals the white blood count fell to below 1,500. To one-half 
of this group amidopyrine was given orally and these animals showed pecu 
hnrly enough, a more rapid rise in the white blood count and polvmornhn 
nuclear differential picture than in the other animals not given the dnm The 
animals of the third group were starved for five days and the drug administered 
hut without avail. In the fourth group animals wm f , , eled ’ 

with broth cultures of 71. sublilL, ^ntaneou sl y 

suipcstifcr, and one month later, with the infection still - 1” * almoil eUa 

given heavy doses of amidopyrine orally during three weeks”’ The^vvT 
counts were elevated during the period of -miirlnn ie Wood 

*• *• 



1152 


THE JOURNAL or LABORATORY AND CLINICAL MEDICINE 


SUMMARY 

Administration of amidopyrine to guinea pigs, rabbits, and monkeys, both 
with and without, preliminary anemia or bone marrow injury, failed to produce 
any appreciable granulocytopenia. 

I am indebted to Mr. Maurice Kadin of Chicago and Miss Nettie Dash of Philadelphia 
for their technical assistance. 
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IMMUNITY PHENOMENA IN TUBERCULOSIS® 


Samuel A. Levinson, M.D., Chicago, III. 


T HE study of resistance to tuberculous infection embraces numerous biologic 
interactions. We must consider the cellular factors, the effect of sensitiza- 
tion, intercellular and intracellular digestion, humoral and fixed antibodies, 
endocrine and vitamin and chemical equilibriums. These factois become more 
difficult to interpret when pathologic complications, various constitutional dif- 
ferences, disturbances of the autonomic system, metabolic and emotional fac- 
tors, and environmental influences and differences in the virus are added to 
the general changes that occur in patients. 

The pathologic anatomists have demonstrated the peculiar liability of the 
slender individual, and clinicians have demonstrated the same fact in clinical 
studies and analytic analyses. This natural resistance is, according to Peter- 
sen, 1 not only genotypic, but may be influenced by such factors as menstrua- 
tion, diet, season, and psychic status ; but constitution, genotypic and paratypie, 
must be kept in mind as a determining factor in an infectious disease such as 
tuberculosis. 

The human organism in attempting to overcome infection, as in tuberculous 
infection under discussion, attempts to overcome it in one of two ways, either 
by resorption or encapsulation. It is obvious that inhibition of digestion and 
suppression of inflammatory response is of great importance for the improve- 
ment of the patient with tuberculosis. 

Together with Petersen, I 2 investigated some of the interrelations of resist- 
ance and the chemical status of a group of tuberculous patients (all men, 83 
in number) in various stages of clinical activity. This investigation among 
other things included a study of the constitution, calcium-potassium ratio 
cholesterol, tuberculin, and reaction to epinephrine. We wish to review briefly 
the latter findings in relationship to tuberculosis. 


Constitution.— As far as the patient with pulmonary tuberculosis is con- 
cerned, increased inflammatory reactivity is usually associated with increased 
clinical activity. When the constitutional reactivity is lessened, the clinical 
course is relatively benign. Among the various lines of approach’ particularlv 
in the form of therapy, emphasis is directed toward specific immunity with 
the attack directed toward the virus; chemotherapy with the emphasis a’-ainst 
the destruction of the specific virus without injury to the cell; and last the 
beneficial reactions of the tissue cells as a result of stimulation, with the accom 
panymg suppression of the unfavorable ones. au _ 
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The result of clinical and laboratory study lias given us an opportunity 
of classifying patients into the sympathicotonic and vagotonic groups. It is 
obvious that, the autonomic nervous system as a general part of the vegeta- 
tive balance is involved. Epinephrine makes the capillary endothelium less 
permeable and is the representative agent for producing sympathetic effects. 
The “sympathicotonic” person has more permeable capillaries and the blood 
pressure may be low. The rest stage may be looked upon as the state of tissues 
with contracted vessels and less permeable capillaries. However, in some pa- 
tients the injection of epinephrine hydrochloride lowers the blood pressure and 
increases the permeability. In the “vagotonic” person the blood pressure is 
higher, the metabolic rate is lowered, and the capillaries are less permeable. 
Stimulation of the so-called parasympathetic nerves may result in dilatation 
of the vessels and increased permeability which may mean tissue activity. In 
terms of clinical medicine the function of the capillaries may be expressed 
thus : Relatively impermeable capillaries are usually found associated with rela- 
tively chronic tuberculosis, and greater permeability with active tuberculosis. 

The conclusion would be that increase in capillary permeability, however 
produced, unfavorably influences a tuberculous process. 

Calcium-Potassium Patio . — In a small series of cases studied by Voorhoevc, 3 
he maintains that he noticed no striking difference in the calcium balance in 
tuberculous and nontubcreulous subjects. Bonanno* in his study of GO cases of 
pulmonary tuberculosis in various states reports no appreciable change in the 
calcium potassium content of the blood commensurate with the severity of the 
disease. A similar observation was made by Varela 5 who studied the total 
calcium of the serum and the fraction of ionized calcium in tuberculous patients 
and found that they remain within normal limits. Brockbank 5 observed that 
when his patients were graded according to severity, on the average the calcium 
was decreased in quantity in the serum when the disease was acute, and that 
it was increased when the disease was healed, with proportionate results in the 
intermediate stages. The difference amounted to about 20 per cent. The serum 
calcium was not diminished in patients who are coughing up blood, as compared 
with patients in a similar stage of the disease but without that symptom. 

In an analysis of our S3 tuberculous patients we find that when this group 
is arranged according to clinical classification as minimal, moderately advanced, 
and far advanced, it is noticed that the minimal group lias the highest value 
of potassium-calcium ratio and the more advanced lower values, but there is 
no progression or regularity. If the patients are classified according to the 
weight curve, there is a reduction of the calcium from the gaining to the losing 
group. When a similar study was made of these patients on the basis of prog- 
nosis, those who were gaining had the highest calcium levels. The significance 
of the calcium metabolism in our patients studied indicates that those who 
were gaining maintained a high calcium level as part of their picture of resist- 
ance. This occurs without loss from the body and the patients are said to be 
in “calcium balance.” The group of patients who were losing were in a nega- 
tive calcium balance, although the calcium level was high as it represents the 
calcium leaving the tissue and passing out from the body. 
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As far as potassium is concerned, we were unable to ascertain any clear- 
cut influence of the potassium levels on any clinical features studied. The 
potassium-calcium ratio has less influence on the tuberculous process than has 
the actual amount of calcium. 

Cholesterol. — Clinical study has shown that tuberculous patients who have 
a high cholesterol content tend toward improvement, and conversely as the cho- 
lesterol content decreases the prognosis is grave. Gavrila and Vior, 7 from their 
study of the cholesterol content of the blood serum from 100 patients, conclude 
that in the localized and diffuse fibrous forms of pulmonary tuberculosis there 
occurs a hypercholesteremia, particularly when the lesions are inactive and are 
not undergoing evolution. Ilypocholesteremia is found in the diffuse ulcero- 
caseous tuberculosis "when the lesions are active. 

The cholesterol study made on our tuberculous patients substantiates the 
findings of Gavrila and Vior in that the patients with good prognosis and 
inactive lesions had a higher cholesterol ratio than the patients with poor prog- 
nosis and active lesions. We have also noted that exudative pleurisies do not- 
seem to influence materially the cholesterol content. In fact the highest choles- 
terol content was noted in some of our patients who had pleurisy. 

Experimentally, Shope 8 has demonstrated that cholesterol administered 
intraperitoneally prolonged the lives of tuberculous guinea pigs when the infec- 
tion was of an acute type produced by the injection of small doses of virulent 
human tuberculous organisms. When the infection was of a chronic type pro- 
duced by the injection of small doses of human tuberculosis of a low virulence, 
the intraperitoneal injection of cholesterol did not prolong the lives of the 
guinea pigs. 

Hinzc 0 examined 69 patients with pulmonary tuberculosis and concludes 
that the greater the cholesterol content of the blood the greater the resistance 
of the patient to tuberculosis. 


Palacio 10 attempts to prognosticate the outcome of pulmonary tuberculosis 
by cholesterol determinations and concludes that the quantity of cholesterol in 
the blood constitutes an index to the general condition of the patient 


There are several factors which modify the cholesterol content of the blood 
in tuberculous patients, namely, activity or inactivity of the lesions; state of 
immunity of the organisms; the pathologic anatomic form of the disease" 

Gavrila and Vior are of the opinion that hypercholesteremia indicates a 
state of a well-developed immunity and inactive pulmonarv lesions and is 
therefore, of good prognostic import, while Ilypocholesteremia denotes’ a feeble 
state of immunity and acute lesions, and is, therefore, of bad prognostic import 
Tuberculin Head ion. -When making tuberculin skin tests, we must bear 

” f "’V* 1 " ™ <J «'° of the reaction before inter, 
p ret mg the results m terms of immunity. Thus the 

site of the injection of tuberculin, as measured after twenty wT ™ ^ 
in our series from 0 to 2S mm. There is no differs ^ i U1 ' S ’ Vancd 

or our patients as determined by the tuberculin reaction It Z™' TTT* 
those patients who gave a small skin reaction usua^-c ^t^th min- 
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imal clinical manifestation. The group with clinical manifestations of far- 
advanced tuberculosis gave the larger reactions. 

The persistency of the tuberculin reaction was not in direct relation to the 
deaths. We observed that the cases in the far-advanced group showed a per- 
sistent and marked flare, and the gain in weight was associated with the largest 
reactions. 

Ossoinig obsened at different times a peculiar increase and decrease of 
the tuberculm reaction occurring in the majority of the patients tested. He 
ic ie\es that climatic influences may play a role, but has not definitely been 
able to correlate them. 

Reaction to Epinephrine. We have divided the intracutancous reaction to 
epinephrine from the observations made of the wheal and the flare. The aver- 
age size of the wheal at the site of injection in our “normal" series was 19.2 
mm. and m the tuberculous group it averaged 15.2 mm. More deaths occurred 
m oui patients with small wheals, while in the group with large wheals, the 
prognosis seemed better, and more of the cases were at least stationary. The 
group with the most favorable prognosis seemed to be that in which the wheal 
u as intei mediate. Our study lurthcr indicates that the flare of the reaction 
to epinephrine and capillary permeability are somewhat greater in the group 

with laige w heals ; and a similar manifestation holds true for the reaction to 
tuberculin. 

(| ^ lc a ' cl age flare following the intracutancous injection of epinephrine of 
normal men had a radius of 8.8 mm., while in the tuberculous patients it 
had a ladius of G.8 mm. The deaths in our series occurred in the group with 
the smaller flares. There appeared to be no significant, relation of the size of 
t ie flare to the clinical classification, the prognosis, or the weight curve. 

discussion 

In order to correlate a number of biologic reactions that are observed in 
diseased conditions, it is necessary to know similar changes occurring in “nor- 
mal individuals.. These observations are to be correlated with clinical symp- 
toms and with resistance to an infectious disease like tuberculosis. It is impor- 
tant, therefore, to determine the alterations in the biologic tests employed in 
oidei to estimate increased or decreased resistance to tuberculosis. 

In the previous report we 12 have shown that resistance to tuberculosis 
means complete walling off from general tissue activity, that is impermeability: 
anatomical!}, , in the sense of a complete connective tissue encapsulation; and 
functionally, in the sense that there shall be lessened exchange of products 
between the focus and the normal tissues. Conversely, absorption of bacillary 
and tissue debris may lead to the dissemination of the virus. 

Substances that stimulate and dilate capillaries, with incidental increase 
in permeability, must be potentially injurious. Substances that fatigue the 
capillary (with delaj in its reversibility) must be harmful. Substances that 
make the capillar } less permeable must be essentially beneficient. 

"When eapillair endothelium is stimulated and becomes more permeable, 
calcium leaves the cell and the tissues become more acid. This is associated 
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clinically with exudative and progressive tuberculosis, with the increase in 
parasympathetic tonus (blood pressure lowered, low blood sugar, increased 
catabolism, etc.)- 'With lessened permeability of the capillary Avail the arteriole 
tonus is high, blood sugar (liver function) normal, tissues bind calcium, and 
the reaction is tOAvard the alkaline side. 

Constitution . — In view of the fact that constitution plays such an impor- 
tant role in resistance to infection, a brief revieAv of this subject and its clinical 
applicability Avill be given. Yon Versucher 13 is of the opinion that constitution 
is an organically fixed condition. Bauer 14 places emphasis on the importance 
of constitution in differentiating a group of biologically inferior persons, ex- 
treme variants from the normal, in adaptability, in vitality, and in resistance. 
For practical purposes for study, persons have been grouped as (1) normal 
(normotype), (2) slender (asthenic type with small heart), (3) heavy (pyknic 
type). In a similar fashion the French school associated the slender type Avith 
lessened resistance to pulmonary infections, and the heavy type with diabetes, 
arteriosclerosis and rheumatism. The following classification of the slender 
and broad types is taken from Petersen, ‘ ‘ Constitution and Disease.” 1 


THE SLEXDER TTpe 

(Leptosome, longitudinal, linear, dolichor- 
morphic; asthenia as an extreme variant) 

The individual is long 

Extremities are long 

The face is narrow, oval; the nasal bridge 
is narrow 

The neck is long 

The chest is long and flat, the costovertebral 
angle is small 

The diaphragm is low 
Dolichocephalic 

Poor connective tissue reactivity 

Bony framework is delicate 
Skin is thin 

Hair is fine, usually well preserved 

The tissue storage is deficient (few reserves) 

The heart is small (hypertrophy poor) 

Tiie arterial system is narrow 

The superficial capillaries not marked 

The viscera are mobile 

Visceroptosis, varices, intussusception, pro- 
lapses and hernias common 

Bodily circumference small 

Smooth muscles hypotonic 


THE BROAD TYPE 

(Plethoric, apoplectic, pyknic, gouty, ‘ ‘ ar- 
thritismus, " the round type, brachymorpliic) 

The individual is broad 

Extremities are short 

The face is broad, round ; the nasal bridge 
is broad 

The neck is short 

Tiie chest is barrel-shaped, the costoverte- 
bral angle is larger, the intercostal 
space is narrower 

The diaphragm is high 

Brachycephalic 

Pronounced connective tissue reactivity 
(fibrous) J 

Bony framework is strong 

Skin is heavy and coarse 

Hair iost early ° a,Ki abundant > frequently 

The tissue storage is pronounced (reserves 
good, especially fat, glycogen, etc.) 

The heart is large (hypertrophy good) 

The arterial system is large 
The superficial capillaries dilated 
The viscera are well fixed 
Bare 

Bodih* circumference large 
Smooth muH'les livpcrtonic 
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Sluggish general reactions except nervous 
and vasomotor systems 

Thyroid activity may be increased 

Psychic classifications, schizothyinic 

Larynx large, voice barytone 

Far sighted 

Mechanical adaptation to overcome distance 
and time 

Disease disposition, tuberculosis 

Moderate lymphatic reaction 


Hypcrirritable in childhood; sluggish in 
later life 

Thyroid activity lessened 

Psychic manifestations, cyclothymic 

Larynx small, voice tenor 

Near sighted 

Mechanical adaptation to overcome mass 

Disease disposition, early exudative diathe- 
sis, late wear and tear diseases, met- 
abolic diseases (gout, diabetes, concre- 
tions, sensitizations, etc.) 

Pronounced lymphatic reaction 


When we attempt to interpret the results of our investigations on the 
basis of the above constitutional types, we notice that in the group of slender 
persons there is a low calcium-potassium ratio, an increased vascular reaction 
to epinephrine, lower cholesterol, and a lesser reaction of the skin to epinephrine. 
The slender person, in contrast to the heavy person, has an increased basal 
metabolic rate, a slightly lower C0 2 combining power of the serum, higher 
resistance of the skin to electric current and a longer Kromayer light reac- 
tion time. 

Aside from the constitutional types of persons, the age of the individual 
may probably be considered in reference to tuberculosis. Lydtin 15 examined 
in approximately 200 patients the relation of the age of the individual to the 
form of tuberculosis. The percentage of the proliferating, cirrhotic and exuda- 
tive forms is the same iu every age. The development of these forms is differ- 
ent. In younger persons the tendency goes from a proliferating to an exuda- 
tive form, while the latter in older people has temporary ameliorations of the 
cirrhosis and cavity types. 

Another phase in the constitutional types in reference to resistance is the 
question of the height of the individual. Frasset.to Jr ' found that the average 
height of recent levies for the army is 2.5 cm. greater than that of the levies of 
1S59-1863, not only in healthy men but also in tuberculous patients. The height 
of patients with pulmonary tuberculosis exceeded by 2.5 cm. that of the health} 
subjects, not only in recent but also in old levies. The chest, girth iu pulmonary 
patients is diminished by 2.6 cm. in the recent as compared with old levies, 
while in the healthy subjects, the reduction amounts to only 1.5 cm. In the 
old levies the chest girth of the tuberculous differed from that of the health} 
subjects by 0.9 cm., and in the recent by 2 cm. The average weight of the 
tuberculous (aged twenty to fifty) in the recent levies is 12.5 kg. less than the 
weight corresponding to the average height of the tuberculous subjects, which 
was 167.5 cm. 

Seasonal changes are known to influence the course of tuberculosis. Gron- 
bergV 7 studies on 2,180 patients with pulmonary tuberculosis in Finland, 
comprising about 42,000 weighings and covering a period of seven years, show 
that the curve of the average monthly increase in body weight was praetica y 
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the same from January to April (245 to 262 gm.) dropping somewhat in May 
(232 gm.), rising rather sharply during the summer months to reach its peak 
in September (385 gm.), then sinking to the minimum in December (216 gm.). 
There was marked similarity between the weight curves and the curves of the 
average monthly temperature of the air and hours of sunshine. These observa- 
tions on the relation between warmth and sunshine and body weight agree 
with results from sanitariums for the tuberculous in widely different parts of 
the world. 


Calcium. — Zondek 18 calls attention to the fact that two balances are of 
greatest physiologic importance, the II ion concentration, and the potassium- 
calcium ratio. With cellular activity, the calcium concentration of the cell 
membrane is diminished. Calcium leaves the cell, and there is a relative in- 
crease in potassium in the cell. The cell is more permeable and the protein be- 
comes hydrated (Zondek 10 ). Thus, cellular activity can be measured by calcium 
and potassium concentrations. From the stage of activity that of rest is 
reached with an apparent increase of calcium at the cell surface, relative im- 
permeability and dehydration. The concentration of either calcium or potassium 
in the serum may mirror the cellular change, but the serum levels do not change 
the reaction of the cells. 

In reference to calcium metabolism it lias been shown that it is closely as- 
sociated with the clinical condition of the patient. We have observed, for ex- 
ample, that more deaths occurred in our patients who have had a low calcium 
level. Patients with healed tuberculosis have a higher calcium level, and those 
whose prognoses are good also have a higher calcium content. In contrast to 
.this, we have observed in our study that patients with poor prognoses have a 
low calcium level. There apparently must exist some correlation between the 
calcium level and the activity of a tuberculous process, as there is some im- 
portance in the calcium in tuberculosis in regard to the reactivity of the tissue 
and its influence on the disease process. For example, Sternberg 20 found a 
lower serum calcium in most advanced cases while Schaeffer 21 has found in- 
crease in calcium in the lung in chronic tuberculosis. Hoyle 22 has noted some 
clinical improvement in patients with a higher calcium level; in fact, Hennes 23 
noticed that animals exposed to calcium dust or other dust showed less tubercu- 
losis than the control animals which were not exposed to dust This fact has 
been applied therapeutically, and Siegel 21 has observed improvement in his pa- 
tients who were treated by calcium inhalations. * 


Cholesterol. It lias Ijoci shown 11,. I cholesterol metabolism j 5 dimtaisl , od 
m infectious diseases and particularly with progressive tuberculosis qt, 
observed that as the cholesterol level is increased the prolongation of Pf ^ 
experimentally infected guinea pigs was noted. In fact the ml f ! - f ° ”1 
cholesterol and other fats in the treatment of tuberculosis is , ° f 

servation and is one of the factors that is still used tort 10 ^ em P ! nc oh- 

in tuberculosis. Wo have observed 

cholesterol in tuberculosis is associated with nonr- imest, ?ations, low 

tion was noted by Iteiter- P °° r pro ~ noSl 'H a similar observa- 
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Skin Reactions . — In reference to the reactivity of the skin in tuberculosis 
we have used the cantharidcs plaster applied to the skin . 20 This is a chemical 
irritant and acts primarily on the cell membranes. Specific sensitization is not 
employed in this test hut the analogy to the tuberculin reaction is made here be- 
cause of the skin irritation produced when a specific and nonspecific skin test is 
employed. 

During the febrile stage there exists a peripheral vasoconstriction. The 
cantharidcs can act on the cell, but little or no exudate forms. There is direct 
injury to the cells. Applied to tuberculin and the tuberculin reaction, it means 


Table I 

Comparison or Calcium, Potassium, Cholesterol, Epinephrine, and Tuberculin' Levels 

ix Pulmonary Tuberculosis 




MINIMAL 

MODERATELY 

ADVANCED 

EAR ADVANCED 

Calcium 

Normal 

9.7 

9.9 

10.5 

10.3 

Potassium 

Normal 

20.3 

19.G 

1S.3 

19.0 

Calcium Potassium Ratio 
Normal 

2.1 

2.0 

1.70 

1.8S 

Cholesterol 

Normal 

140-170 

235.0 

200.0 

157.0 

Epinephrine 

Wheal 

Flare 

Tuberculin 

End of twenty-four hours 
Persistent reaction 

Medium wheal 
Small flare 

Small wheal 
Small reaction 

Small wheal 
Medium flare 

Medium wheal 
Medium reaction 

Large wheal 
Large flare 

Large wheal 
Large reaction 


that during the febrile stage of an intercurrent disease the tuberculin reaction is 
inhibited, because of the change of the status of the skin. During the terminal 
stage of tuberculosis this factor is also operative. During the stage when there 
is a peripheral vascular dilatation, when the cantharides plaster is applied, a 
strong local skin reaction results. Applied to the tuberculin reaction this cor- 
responds to the period of maximum response when sensitization takes place at 
a time during which peripheral vasodilatation is compensating for the increased 
metabolism going on in the body. The autonomic skin function is practically 
normal as far as the lability of the skin is concerned. Then as the pathologic 
lesion in the lung, for example, becomes quiescent and the patient goes on to 
recovery, the cell membranes as in the skin are no longer irritated to the same 
degree by the same amount of irritant. In other words, the cell membranes have 
become less permeable. These reactions are wholly nonspecific effects which in- 
fluence the reactivity of the skin in general, but they are of importance for the 
problem of tuberculosis, because the vegetative status of the skin and the vaso- 
motor activity are underlying factors that determine the type of reaction to all 
toxic agents. 

It is obvious, therefore, that in the intricate biologic picture of inflammation 
presented by tuberculosis, innumerable possibilities exist. AVe should emphasize 
that in clinical tuberculosis it is the vascular mechanism that must always be 
in the foreground of consideration. 
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CONCLUSIONS 

1. We have made biochemical studies on 83 patients with pulmonary tuber- 
culosis (minimal to far advanced) and have here discussed briefly the subject of 
constitution, calcium, potassium, cholesterol, epinephrine skin tests, and tubercu- 
lin in relation to resistance to tuberculosis. 

2. The results indicate that substances that stimulate and dilate capillaries, 
with incidental increase in permeability, must be potentially injurious to the 
host. Substances that make the capillary less permeable must be essentially 
beneficial to the organism. 

3. As the clinical status in tuberculosis progresses (exudative and pro- 
gressive tuberculosis), the capillary endothelium is stimulated and becomes more 
permeable, calcium leaves the cells, and the tissues become more acid (para- 
sympathetic tonus, low blood sugar, increased catabolism, etc.). 

4. When the organism is in a state of lessened permeabilit 3 r of the capil- 
laries (sjnnpatlietic tonus, blood sugar normal, tissues bind calcium), the reac- 
tion is toward the alkaline side and the permeability of the capillaries is less- 
ened ; that is, the organism is in the state of sympathetic tonus, the blood sugar 
is normal and the tissues bind calcium. 
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THE EFFECT OF HIGH PROTEIN DIETS ON THE KIDNEY FUNCTION 

IN DOGS® 


Leo Iy. Campbell, M.D., Chicago, III. 


T HE object of the investigation discussed in this paper was to determine 
whether or not the renal and arterial disease described by L. H. Newburgh! 
in rabbits after feeding high protein diets could be produced in adult dogs. 
Dogs were chosen because their naturally selected diet more nearly approaches 
the human diet than that of any other laboratory animal. 

METHOD OF STUDY 

Five disease-free female dogs were operated upon under ether anesthesia 
and a small block of tissue for microscopic examination was removed from the 
upper pole of the left kidney. After about four weeks the kidney function, as 
determined by qualitative analysis of the urine for albumin, blood, casts, and 
cells, the total nitrogen of the urine by the Kjeldahl method, the phenolsulphon- 
phthalein dye test determined in a lvlett biologic colorimeter, and the non- 
protein nitrogen of the blood, had returned to normal. The animals were then 
fed quantitative diets which contained 5 gm. of protein per kilogram body weight 
and afforded 50 calories per kilogram. This caloric intake was necessary be- 
cause the dogs were permitted exercise except during the short intervals when 
they were in the metabolic cages. The diets were made up of ground meat, com- 
posed of seven-eighths round steak, one-sixteenth each of heart muscle and liver, 
and lard. To this diet was added 0.01 gm. of calcium as calcium carbonate and 
0.30 of a minim of Meade’s viosterol in oil 250-D per kilogram. Sufficient 
sodium chloride was added to season. This diet fulfills all the nutritional re- 
quirements and, of course, was readily taken by the dogs. The control was fed 
the stock laboratoiy diet. The feeding was continued for five months, at the 
end of which time the kidney function was again determined, the dogs reoperated 
upon, and tissue from the right kidney of each dog was removed for microscopic 
examination. 

•From the Department of Medicine of Kush Medical College of the University of Chicago 
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RESULTS 

The figures in Table I indicate the kidney function at the beginning and at 
the end of the experiment. 

Microscopic examination of the kidney tissue removed before the experiment 
and on the last day of the five-month feeding period revealed normal kidney 
parenchyma and vascular system. 


Table I 



AT BEGINNING OF EXPERIMENT 

AFTER HAVING BEEN ON THE HIGH 
PROTEIN DIETS FOR FIVE MONTHS 
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PITENOLSULFIIONPHTIIA- 
LEIN EXCRETION TEST 

QUALITATIVE ANALYSIS 

OF URINE FOR ALBUMIN, 
CELLS, BLOOD, CASTS 
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PHENOL SULPHONPHTH A- 
LEIN EXCRETION TEST 

i 

CEO - 
P 32.4 

P 21.9 
Cal 325.0 



5.2 

0.028 

65% 

Normal 

4.8 

0.028 

68% 

II 

CHO - 
P 48.2 

F 33.3 
Cal 493.0 

9.6 

Normal 

6.8 

0.036 



6.9 

0.040 

62% 

in 

CHO - 
P 56.2 

F 34.0 
Cal 530.0 

10.8 

Normal 

9.0 

0.035 

62% 

Normal 

8.2 

0.036 

93% 

IV 

CHO - 
P 50.2 

F 33.7 
Cal 504.0 

10.2 

Normal 

7.4 

0.035 



7.8 

0.028 

90% 

V 

(Control) 

Stock diet 

14.4 

N ormal 

— 

0.037 

94% 

Normal 

— 

0.029 

84% 


Two of the dogs went through pregnancy and gave birtli to normal full- 
term pups without any evidence of kidney damage or toxemia. All of the animals 
were in excellent physical condition at the end of the experiment. 


CONCLUSION 

Diets containing 5 gm. of protein per kilogram body weight and fulfilling all 
nutritional requirements when fed to adult dogs for five months produced no 
kidney damage that could be demonstrated by standard renal function tests or 
by microscopic examination. Attention may be drawn to the fact that five grams 
of protein per kilogram is four to five times higher than the average American 
adult consumption, and that five months in the life of a dog compares with two 
years in the human being. 
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THE EFFECT OF HIGH PROTEIN DIETS ON THE KIDNEY FUNCTION 

IN DOGS* 


Leo K. Campbell, M.D., Chicago, III. 


T HE object of the investigation discussed in this paper was to determine 
whether or not the renal and arterial disease described by L. H. Newburgh! 
in rabbits after feeding high protein diets could be produced in adult dogs. 
Dogs were chosen because their naturally selected diet more nearly approaches 
the human diet than that of any other laboratory animal. 

method of study 

Five disease-free female dogs were operated upon under ether anesthesia 
and a small block of tissue for microscopic examination was removed from the 
upper pole of the left kidney. After about four weeks the kidney function, as 
determined by qualitative analysis of the urine for albumin, blood, casts, and 
cells, the total nitrogen of the urine by the Kjeldahl method, the phenolsulphon- 
phthalein dye test determined in a Klett biologic colorimeter, and the non- 
protein nitrogen of the blood, had returned to normal. The animals were then 
fed quantitative diets which contained 5 gm. of protein per kilogram body weight 
and afforded 50 calories per kilogram. This caloric intake was necessary be- 
cause the dogs were permitted exercise except during the short intervals when 
they were in the metabolic cages. The diets were made up of ground meat, com- 
posed of seven-eighths round steak, one-sixteenth each of heart muscle and liver, 
and lard. To this diet was added 0.01 gm. of calcium as calcium carbonate and 
0.30 of a minim of Meade’s viosterol in oil 250-D per kilogram. Sufficient 
sodium chloride was added to season. This diet fulfills all the nutritional re- 
quirements and, of course, was readily taken by the dogs. The control was fed 
the stock laboratory diet. The feeding was continued for five months, at the 
end of which time the kidney function was again determined, the dogs reoperated 
upon, and tissue from the right kidney of each dog was removed for microscopic 
examination. 

•From the Department of Medicine of Rush Medical Coll ogre of the University of Chicago 
and the Presbyterian Hospital. 
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Tin' figures in Table I indicate the kidney function a I Ike beginning and a I 
llie end of Ike experiment. 

Microscopic examination of llie kidney tissue removed before tlie experiment, 
and on llie last day of the five-month feeding period revealed normal kidney 
parenchyma and vascular system. 
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Two of the dogs went through pregnancy and gave birth to normal full- 
term pups without any evidence of kidney damage or toxemia. All of the animals 
were in excellent physical condition at the end of the experiment. 


CONCLUSION 

Diets containing 5 gm. of protein per kilogram body weight and fulfilling all 
nutritional requirements when fed to adult dogs for five months produced no 
kidney damage that could he demonstrated by standard renal function tests or 
by microscopic examination. Attention may be drawn to the fact that five grams 
of P rot em per kilogram is four to five times higher than the average American 
adult consumption, and that five months in the life of a dog compares with two 
years in the human being. 



































BLASTOMYCOSIS IN AN I NFANT SIX MONTHS OLD* 


J. M. Rosenthal, M.D., Allentown, Pa. 


1 I ’HE reason I am reporting this ease is because of the age of the patient, and 
* the rarity of the disease in this part, of the country. This case was referred 
to our laboratories by a local physician who, after exhausting bis medical and 
therapeutic knowledge, decided that laboratory studies should be undertaken in 
the interest of his patient. 

According to Pussey’s The Principles and Practice of Dermatology, blasto- 
mycosis is a specific infectious disease produced by a yeast fungus and charac- 
terized. as it occurs in the skin, by the formation of elevated, warty, suppurat- 
ing lesions with abruptly sloping purplish red borders which are studded with 
pinpoint-sized deep-seated epidermal abscesses, from the pus in which pure 
cultures of the organism can usually be obtained. 

The recognition of blastomycotic dermatitis as a pathologic entity dates 
from the meeting of the American Dermatological Association, in May, 1S94, 
when Gilchrist demonstrated sections containing budding organisms which had 
been taken from a scrofuloderma-like lesion. 

In November, 1894, Bussc reported a fatal case of pyemia with subcutaneous 
abscesses and cutaneous lesions in which the pathogenic agent was yeast. 

July 7, 1894, Buschke (Greifswald Medical Society) referred to a case with 
skin lesions in which he found eoccidial bodies. In Chicago the disease was 
studied by Rickets, Hyde, Montgomery and Ormsby. The name of 
blastomycotic dermatitis was applied by Gilchrist. The name blastomycosis 
suggested by Hyde is perhaps better. 

Histology . — The histologic features of this case were as follows : Prolifera- 
tion of epithelial cells of the rcte, formation of miliary abscesses within the 
epidermis and acute inflammatory changes in the corium. The cells of the rete 
were larger and swollen, and within the cells there were polymorphonuclear 
leucocytes, cellular detritus, some giant cells and a varying number of specific 
organisms. 

The physician requested us to make a study of the scrapings from the 
epidermal abscess, from a microscopic and bactcriologic standpoint. AYc made 
several cultures and smears from the material in our effort to classify the mould 
and identify any organism which we might find. On microscopic study, we 
concluded that the causative organism was the Crytococens gilchristi, found m 
the purulent discharge as a round, doubly contoured budding yeastlike cell, 
10 to 12 microns. In culture we saw the formation of a mycelium resembling 
that of an oidium. 

•From the Hamilton Laboratories. 

Received for publication, February 14, 1935. 
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The media used was glucose agar, and aider ihree days a while, ihilly growth 
with aerial hyphae was observed. Stained with the thinnin stain, mycelium was 

seen with sporolikc bodies embedded in it. 

The child had this condition for a period of ihree weeks, and after treatment 
with potassium iodide and x-ray applications, the child recuperated fully after 
six months’ treatment. 

This ease was demonstrated at the Dermal ohniieal Clinic at Temple Uni- 
versity, Philadelphia, and it was the tirst ease which they had ohsei\ed in a 
child so young. The diagnosis was continued at lemple University, 
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THE EFFECT OF FORMALDEHYDE ON THE GROWTH OF 
TUBERCLE BACILLI* 


Rpsseel D. Herkoed, Chicago, Iee. 


r_ PH L sterilizing action of formaldeliydc on nonspore-forming bacteria is well 
known, and tliis method is commonly used for sterilization of instruments 
or oilier equipment that may be damaged by other means. 

Previously I had noted that the growth of certain pathogenic bacteria such 
as staphylococci and colon bacilli was inhibited or prevented after inoculation 
when the Petri dishes were placed in closed cans containing formaldehyde. 

It seemed worth while to determine the relative resistance of tubercle bacilli 
to formaldehyde as compared to contaminating bacteria with the idea that such 
treatment might prove to he a satisfactory substitute for the acid or alkaline 
treatment of sputums or other suspected tuberculous material before inoculation 
of culture medium when such materials contained other bacteria 

Sputums positive for tubercle bacilli were selected for the experiment and 
the cul tural observations were made on an egg yolk agar medium that If' have 

•From the John McCormick Institute for Infectious Diseases 

Received for publication, January 21. 3D25. 
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previously described. 1 have found that when the egg yolk is added to the melted 
agar according to the teclmic described in the above reference, a very small 
percentage of contaminations result on the uninoculated plates or slants. This 
lias been confirmed by Woolscy- and Feldman, 3 the latter of whom states that 
it was unusual for a tube to be lost on account of contamination when the egg 
yolks were used. I believe that the limning of the shell through a Bunsen burner 
before opening destroys any sporogenous bacteria that may be dormant between 
the outer shell and inner membrane, whereas these organisms are not destroyed 
when the eggs are treated with phenol and alcohol as is commonly done in the 
preparation of Lowenstein's and other similar mediums. A pledget of cotton 
saturated with formaldehyde was placed in the bottom of the closed containers 
of two quart capacity which were used for exposure of the inoculated specimens. 

Two parallel series were tested for the effect on the growth of the tubercle 
bacilli and other bacteria after exposure of the sputum inoculum to formaldehyde 
for periods of two and twenty -four hours, after which the inoculated plates were 
removed from the formaldehyde cans, incubated, and readings made at intervals 
for thirty days. 

In the first series the sputum, positive for tubercle bacilli, was treated for 
one-half hour with 3 per cent sodium hydroxide, and three egg yolk agar plates 
then were inoculated heavily with an equal amount of centrifuged sediment. 
The control plate that was incubated without exposure to formaldehyde gave the 
first macroscopic appearance of tubercle bacillus colonics five days after inocula- 
tion, and by the ninth day there was a heavy growth. The plates subjected to 
formaldehyde for two hours at room temperature gave the first macroscopic ap- 
pearance of growth on the ninth day, and reached its maximum growth on 
the eighteenth day, at which time there was about 50 per cent inhibition as com- 
pared to the control plate. The third plate was left in the formaldehyde 
container for twenty-four hours at room temperature, after which it was removed 
and placed in the incubator. There was no growth of tubercle bacilli or other 
bacteria during the thirty-day period of observation. 

The second series consisted of inoculation of three plates with the same 
positive sputum which was not treated by sodium hydroxide. The control plate 
at the end of twenty-four hours was completely covered with a confluent growth 
of a mixture of gram-positive cocci and bacilli. The second plate which had been 
placed in the formaldehyde can for two hours before incubation gave a similar 
growth of flora as the control plate at the end of twenty-four hours, but there 
■was approximately 50 per cent inhibition in the growth of the same mixture of 
gram-positive cocci and bacilli. The third plate which had been left in the 
formaldehyde can for twenty-four hours before incubation did not yield any 
tubercle bacilli or other bacteria during the thirty-day period of observation. 
This experiment was repeated with a second positive sputum with similar results. 
On the plates which had been subjected to the formaldehyde for two hours, there 
was a growth of tubercle bacilli equivalent to about 25 per cent that of the con- 
trol of the first series treated by sodium hydroxide, and there was a comparative 
delay of about one week in the appearance of colonies. 
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discussion 

It is apparent from those observations that Itibeivlo bacilli arc relatively 
more susceptible to formaldehyde as compared to other bacteria than "hen 
treated with acid or alkalies in the strength commonly used for destruction of 
secondary bacteria in the cultivation of tubercle bacilli. Obviously the above 
observations indicate that formaldehyde is not a satisfactory substitute for the 
acid or alkali treatment of specimens before inoculation of culture mediums. 
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CONCOMITANT COMPLETE HEART-BLOCK AND 
BUNDLE-BRANCH BLOCK* 


A Theoretical Discussion 


Emmet Field IIorixe, M.D., and Morris M. Weiss, M.D., 
Louisville, Ky. 


ADMITTEDLY there is every reason to believe that complete auriculoven- 

tricular dissociation and bundle-branch block may coexist. However, a 
concomitant diagnosis of these two lesions cannot be made in every instance that 
the electrocardiogram seems to indicate the association. This theoretical discus- 
sion appears advisable in view of the frequency with which such a combined 
diagnosis is made unreservedly . 1 ' 8 

Even though experimental bundle-branch block produces such a character- 
istic electrocardiogram that there can be no reasonable doubt that a similar 
human electrocardiogram must indicate bundle-branch involvement, there are a 
few conditions whieh must be excluded. Paroxysmal ventricular’ tachycardia 
produces complexes similar in form to bundle-branch block. Likewise paroxysmal 
auricular tachycardia with the impulse pursuing an aberrant course in the 
ventricle might resemble auricular tachycardia with a bundle block Finally 
the idioventricular rhythm in complete A-V dissociation due to a focus of i J 
pulse formation beloiv the main, stem of the bundle of His would resemble that nf 
“ “O'*- “■ “ “>■"“«* •» idioventricular ££££ 

IU^ceWed 1 fo^^pubUcatio^^ebrlmry C lG, 0 19 > 35^ e< ^* C * ne, <* ^utsviRe. 
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in the main stem but is blocked in lhe bundle or if the focus is below the main 
stem, the end-result of the spread of the contraction over the ventricles would 
he the same and produce similar electrocardiographic findings. 

The combined diagnosis of complete heart-block and bundle-branch block is 
not warranted without excluding a rhythm originating below the division of the 
main stem. In complete dissociation of the auricles from the ventricles the idio- 
ventricular rhythm usually originates in the main bundle below the site of the 
injury. Of this the electrocardiogram furnishes proof. The normal ventricular 
complex is preserved, being the same both before and after the injury. This 
fact indicates that, the impulse arises somewhere between the lesion and the point 
at which the bundle divides into its right and left branches.® Hence, in a slow 
idioventricular rhythm with bundle-branch type of QRST complexes it is 
ordinarily assumed that the idioventricular focus is in the main stem and that 
there is a coincident lesion of one of the branches which accounts for the ab- 
normal complexes. However, aberrant ventricular complexes in complete block 
must be critically interpreted because portions of the ventricle, other than the 
His bundle, are capable of initiating an idioventricular rhythm. Lewis 0 states: 
“In the ventricles, the bundle is certainly endowed with rhythmic power; its 
continuation in branches of similar elemental constitution in dog and man sug- 
gests that these may possess similar properties. It is said that the main divisions 
readily become rhythmic on heating and wc know that when both divisions of the 
bundle are cut the ventricle continues to respond to impulses generated within 
itself. The cells of the arborization also possess rhythmicity. . . Idioven- 
tricular pacemakers, other than those in the main stem, would produce complexes 
resembling those found in bundle-branch block or even with more diverse and 
bizarre features. It is apparent, therefore, that the concomitant diagnosis of 
complete A-V dissociation and bundle-branch block cannot be made unreservedly. 

Failure to make a critical differential diagnosis may explain the frequency 
with which such a concomitant diagnosis has been made. 1 '* Ellis and Weiss 10 
included four cases of bundle-branch block among forty-three cases of complete 
A-V block. In one case the original electrocardiogram showed complete heart- 
block with left bundle-branch block. A few days later another electrocardiogram 
resembled the preceding except that right bundle-branch block now existed. 
They state: “A possible explanation for the development of first left and then 
right bundle-branch block in successive electrocardiograms is that the origin of 
the impulse which excited the ventricular contraction was first in one branch of 
the bundle of His and subsequently shifted to the other branch.” In a recent 
study of 155 cases of bundle-branch block, King 13 reported an associated com- 
plete A-V block in thirty-six instances. He noted in such cases a tendency for 
the bundle block to shift from side to side, and in one case it was thought that 
the origin of the impulse was not in the main stem below the site of the A-V 
block but probably first in one ventricle and subsequently in the other. In the 
light of our discussion above we seriously question whether one would be justified 
in reporting such combined diagnoses without pathologic confirmation or qualify- 
ing reservations. 
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A definite iliajjnnsis of rombined lesions inijfhl lie nmde from eomjmrnt ive 
tveovds. Tims, if p:\tivnt with buudU'-hraueh were observed to develop com- 
plete A-Y dissociation and the bundle-branch complexes persisted, it would be 
reasonable to assume that two entities were present. Also, if a patient, with com- 
plete heart-block exhibited a ehnnpe from supraventricular to bundle-branch 
complexes, a combined diagnosis would seem justified. 


CONCLUSION 

We believe that it is tbeoretieally impossible, from a single, record, to make 
a concomitant diagnosis of bundle-branch block and complete heart-block. 
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HIGH BLOOD UREA NITROGEN NOT DUE TO CHRONIC NEPHRITIS 


Michael G. Worn,, M.D., and Raymond W. Brust, M.D., 
Philadelphia, Pa. 


T HE impression gained from a perusal of the literature, as well as from 
modem textbooks of medicine, is that an increase in the nitrogenous waste 
products in the blood is indicative of chronic glomerular nephritis; this notwith- 
standing the appearance in recent literature of reports of high blood urea 
nitrogen not associated with chronic kidney disease. 

The importance of recognizing those states clinically and early lies in the 
fact that many of them arc mistaken for coma of renal origin, especially since 
traces of albumin and some easts are not infrequent urinary findings and further- 
more because immediate proper treatment of the nonrenal cases has often proved 
life-saving. 

A glance at Table I will indicate the common findings in the two conditions 
which serve to differentiate them. 

Up to the present time a variety of clinical conditions with which high 
blood urea or nonprotein nitrogen values are found have been reported: 

1. Vomiting from many causes: 

a. Cancer of the stomach* 
b. Pylorospasm® 

<•• Hyperemesis gravidarum 3 

d. Gastric tetany 1 

e. Alkalosis in alkaline treatment of peptic ulcer 31 ’ 

f. Experimental pyloric occlusion 3 

g. Acute intestinal obstruction 1 ®, ”, 33 > 13 

h. Acute general peritonitis 11 

2. Repeated gastric lavage® 

3. Diarrhea 7 , s 

4. Acute cerebral accidents® 

5. Reflex anuria", 13 
G. Diabetes mellitus 1 ® 

7. Hyperparathyroidism 17 

8. Extensive burns 1 ® 

9. Pancreatic necrosis 1 ® 

10. Hypersensitiveness 70 

11. Infectious diseases 3 ® 

In addition to the above we have had under observation a number of eases 
with conditions illustrating the phenomenon of high blood urea nitrogen, some 
not hitherto reported. 

Case 1. — Vomiting associated with obstipation. Mr. M. B., aged seventy-three years, 
admitted March 7, 1934, to the Philadelphia General Hospitnl, service of Dr. Wm. E. 
Robertson, with a chief complaint of vomiting and obstipation. 
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History . — Prior to the onset of the present illness the patient had been troubled with 
obstinate constipation. On March 1, 1934, lie began vomiting everything ho ate, and this 
condition persisted for a week. The vomitus consisted of a yellow muddy fluid combined 
with whatever he had eaten. The vomiting occurred at frequent intervals as well as im- 
mediately after the ingestion of food. He was able to retain only small amounts of tea and 
toast. The patient had no bowel movement for sovcral days in spite of the use of citrate of 
magnesia and castor oil. He was not completely bedfast, but he steadily was growing weaker. 

Table I 



CHRONIC GLOMERULO- 
NEPHRITIS 

NON RENAL AZOTEMIA 

History of preceding nephritis 

May be present 

Absent 

Blood pressure 

Increased 

Usually normal or low 

Eyegrounds 

Usually show exudate hemor- 
rhage or vascular changes 

Negative 

Respiration 

May be Clieyne-Stokes 

Usually shallow and rapid but 
regular 

Urine 

Acid, low fixed specific grav- 
ity, albumin and casts, 
erythrocytes usually pres- 
ent. Chlorides not signif- 
icantly altered 

Alkaline in hypochloremic type. 
Sp. gr. variable, usually high. 
Albumin and casts may be 
present but disappear with 
improvement in clinical con- 
dition. Erythrocytes not ab- 
normal. Chlorides diminished 
or absent 

Kidney function tests 

Always show marked impair- 
ment of renal function 

May show impairment at height 
of disorder — improvement oc- 
curs with clinical improve- 
ment and decrease of blood 
urea nitrogen 

Blood chlorides 

Not altered significantly (nor- 
mal or slightly reduced) 

Diminished in hypochloremic 
coma. Variable in other 
cases 

CO, combining power of blood 
plasma 

May be markedly diminished 

Increased in hypochloremic 
cases Normal or decreased 
in other types 

Blood count and hemoglobin 

Reduced 

Normal or elevated— anhydre^ 
rma. One exception in our 
toxic case — where there was 
a severe anemia 

pH of blood 

Usually low 

Usually high 

Therapy 

■ Course of disease not influ- 
enced by administration of 
salt and fluids 

Salt and fluid administratis 
curative in early stages 


The man bad been in good health previous to bis present illness, with no special complaint a* 
constipation for which various laxatives were used Tn , „ 1 exc 

there was no loss of weight, but within a week on becoming sick tlmV^s ^ ^ ^ 

emaciation; the skin was dry; the tongue was drv and ^ " aS 1,101101111 

sunken; the man was mentally confused and somnolent. ^ ° C ° ated; thc c >' os 11 

The blood pressure was 120 systolic and 70 diastolic Tl,„ i , • , 

and thc pulsations visible. Some thickening of the radial i ™ VCSSClS "’ CrC {0rtu 

b r me raaial vessels was noted. 
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The abdomen was greatly distended and borboryginus was audible. There was no reverse 
peristalsis. The size of the liver was within normal limits. The spleen was not palpable. 
The prostate was large, smooth and slightly tender. No rectal masses were palpable. 

The temperature was 9S° F. The pulse rate was 80 and the respirations were 2d. The 
tendon reflexes were normal. 

The laboratory findings were: blood sugar 132 mg. per cent, blood urea 120 mg. per 
cent, creatinine 6.2 mg. per cent. The urine was acid in reaction, had a specific gravity of 
1.020 and showed a trace of albumin but no sugar. On microscopic examination two-plus 
leucocytes were reported. The amount of urine voided was diminished. 

Treatment . — Jt was suspected that either an intestinal obstruction or an acute uremia 
was tiie cause of the trouble, and therefore an attempt was made to give the man a barium 
enema but without success. He was then given 3,500 e.c. of 3 per cent glucose in normal salt 
solution subcutaneously and within twenty-four hours the vomiting stopped. This procedure 
was repeated the following day. The patient became able to retain fluids by mouth and 
his mentality began to clear. 

The blood chemistry seven days after his admission showed a blood urea nitrogen of 
100 mg. per cent, a blood sugar of 104 mg. per cent, and a creatinine of 2.4 mg. per cent. 
Large amounts of glucose and saline were given by rectum in addition to subcutaneous saline 
administration. The diuresis increased considerably. On the fourteenth day after admission 
the blood chemistry showed: urea nitrogen JO mg. per cent, and creatinine 2.0 mg. per cent. 
By March 23, improvement continued and the patient was able to sit up in a chair and he 
was mentally quite clear. By March 2.1 he was taking food freely and doing well. The 
kidney function tests and urinalysis were about normal, and the patient was discharged. 

Case 2. — Vomiting following self-treatment with a duodenal tube. Mrs. K. C., aged 
forty-four years, was examined by one of us (M. G. AY.) at the Temple University Hospital, 
sixteen months prior to her present illness. A diagnosis of noncnlculous cholecystitis and 
general visceroptosis was made. The patient had several so-called nonsurgical gallbladder 
drainages. She then, without the physician ’s permission or knowledge, procured a Rehfuss 
tube which she used whenever nauseated or had, ns slit put it, a “bilious attack.” 

On May 5, 1934, the patient vomited a large quantity of dark green material. This 
vomiting continued for the following five days and she was unable to retain anything on 
her stomach. She continued to use the Itchfuss tube for t lie next four days. On the ninth 
day she suffered a violent headache; she became extremely weak and somnolent. When the 
woman was seen she looked emaciated ; her skin was dry, her eyes were sunken, but the 
tongue was moist, though coated. The breathing was rapid but shallow and faint breath 
sounds were heard over the lungs. The heart was rapid and the sounds weak. The blood 
pressure was 90 systolic and 70 diastolic. The abdomen was greatly distended. The tendon 
reflexes were retained. 

The urine showed a trace of albumin, many cylindroids, and a number of leucocytes. 
There were practically no chlorides in the urine. The blood chemistry showed: urea nitrogen 
75 mg. per cent and chlorides 420 mg. per cent. 

Treatment . — Bismuth carbonate gr. v and cocaine hydrochloride gr. % were given every 
two hours until the gastric irritability- was allayed. Rectal administration of saline and 
3 per cent glucose was adopted, and in addition the patient was given highly salted bouillon 
and was instructed to chew salty fish. After twelve hours of this salt diet, fluids and some 
food could be retained. The woman gradually became stronger and she continued to improve. 

Two weeks later the urine showed the presence of chlorides; the blood urea had declined 
to 22 mg. per cent and the blood pressure had risen to 115 systolic and SO diastolic, and the 
patient was able to be up and about. 

CASE 3. — Diarrhea. A negro laboring man, aged forty-eight years, was admitted to the 
service of Dr. David Riesman at the Philadelphia General Hospital on Sept. 0, 1934, with a 
chief complaint of great loss of weight, severe weakness and diarrhea. He was having six 
to ten bowel movements a day. His trouble began with a chill while at work as a stevedore. 
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Examination showed u greatly dehydrated, emaciated, dull and drowsy negro in a 
critical condition. There was no marked dyspnea, no cyanosis or edema. Hie temperature "as 
95° to 97° F. The blood pressure was 97 systolic and 82 diastolic. The blood count 
showed the erythrocytes to be 4,700,000, the hemoglobin 70 per cent, and the leucocytes /,300. 
The urine was acid in reaction. There was no albumin and no sugar; but some hyaline casts 
and leucocytes were reported. The blood chemistry showed the urea nitrogen to be 1 2 mg. 
per cent and the creatinine 2.G mg. per cent. 

Treatment . — Ilypodermoclysis of normal salt to which was added 50 c.c. of a 50 per cent 
glucose solution per 1,000 c.c. was given frequently. Bismuth and paregoric and atropine 
were administered by mouth. 

The man began to react at once and steadily improved. No specific lesion or organisms 
were discoverable in the bowel. On September 28, ten days after admission, his blood urea 
nitrogen was only 26 mg. per cent and before his discharge it had fallen to 18 mg. per cent. 
Unfortunately the chlorides wore not determined either in the blood or in the urine. 

Case 4. — Vomiting and diarrhea from intestinal obstruction. A. M., a colored man 
aged forty-four years, a laborer, admitted to the Philadelphia General Hospital on Nov. 29, 
1934, with the complaints of vomiting bloody fluid and pains in the abdomen which began the 
day before admission three hours after last drinking considerable cheap whisky. At 7 P.sr. 
on November 28 he began, to have cramps, and he vomited a “gallon” of brownish black 
stuff. By midnight he had twelve stools in quick succession without blood. The pain con- 
tinued. 

His past history revealed that he had been operated upon for appendicitis and that 
“at the same time he had an ulcer cut out through a higher incision.” 

Examination showed a middle-aged negro man who was restless, slightly cyanotic in his 
lips, and malnourished. He was oriented, intelligent and cooperative. The skin was waTm 
and moist. The face had an anxious and pinched expression. The abdomen had increased 
resistance to palpation and tenderness in the upper half- There was no distention and no 
fluid. The blood pressure was 110 systolic and 80 diastolic. The urinalysis showed an acid 
reaction, a specific gravity of 1.020. There were two-plus albumin and two-plus leucocytes 
but no sugar. Blood erythrocytes were 3,530,000 ; leucocytes 9,400. 

By November 30 the patient was very dehydrated. Intestinal obstruction was diagnosed 
and conservative treatment by the Wangensteen suction siphonage method was instituted. On 
December 1 the erythrocytes numbered only 2,440,000 with the hemoglobin reading 50 
per cent. The blood chemistry was: sugar 109 mg. per cent, urea nitrogen 115 mg. per cent 
creatinine 4.5 mg. per cent, and chlorides 374 mg. per cent. 

On December 1 he was given salt solution hypodermically and glucose intravenously. 
He became almost pulseless. The same day he was given 500 c.c. of citrated blood. The next 
day he improved; the duodenal tube was withdrawn on December 3, but he started to vomit 
again in spite of continued parenteral salt and sugar solutions. 

On December 4 he was operated upon and twelve inches of a jejunum which had been 
anastamosed to the stomach were found intussuscepted into the latter which was enorraou 1 
distended. Parenteral salt and sugar solutions were continued. By December 5 his blood 
urea nitrogen was GO mg. per cent and the creatinine 2 mg. per cent. * The chlorides were no 
590 mg. per cent. On December 15, with continued clinical improvement, the urea nitrogen 
was 12 mg. per cent and the chlorides 545 mg. per cent. * g 


Postoperative hyperazotemia and hypochloremia liave already been eoi 
mented on in the literature*’— an d hypertonic (4 per cent) solutions of sa 
have been recommended intravenously to combat accidents due 1o these state 
That such conditions do sometimes prevail after operation, and the imuortan 

of properly diagnosing the pathologic physiology, are the reasons for inch, 
in g the following: case. Uylu 

Case 5. — Postoperative dehydration. Hr A B a whitn 
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to tlie Jefferson. Hospital on Sept. 24, 1934, on account of acute complete urinary retention 
from benign hypertrophy of the prostate. His general condition was good for a man of 
his age. 

The laboratory findings on admission were: urine, alkaline in reaction; specific gravity, 
1.010; albumin, negative; sugar and acetone, negative. Bed blood cells were found as well as 
an occasional leucocyte. There were no casts. Blood: the count showed erythrocytes, 
4,750,000; leucocytes, 9,200; color index, 1.02; hemoglobin, 90 per cent. The Kahn test was 
negative. Chemistry: urea nitrogen 21 nig. per cent, and sugar 193 mg. per cent. The urine 
examination subsequently showed a variation in specific gravity from 1.010 to 1.020. On only 
one occasion, Sept. 16, 1934, was there any albumin, and then a cloud was reported present. 

A two-stage prostatectomy was done, the second stage under spinal anesthesia on 
Oct. 0, 1934. After the first stage the blood sugar was kept between 116 and 129 mg. per 
cent. On Oct. 3, 1934, the blood nonprotein nitrogen was 29.85 mg. per cent, and the urea 
nitrogen was 19. S5 mg. per cent. 

Following both stages glucose 5 per cent in 3,000 c.c. of normal salt solution was given 
intravenously with one unit of insulin for every gram of glucose. During the second stage 
there was a severe reaction from the spinal anesthesia but this responded to epinephrine 
hydrochloride, 1 c.c. of the 1 :1,000 solution and ephedrine sulphate S A gr. hypodermically. 

In the two days following, the patient did not take fluids as he should have and on 
October 8 his blood nonprotein nitrogen rose to 50 mg. per cent with the creatinine 1.72 
mg. per cent, and the patient became drowsy and his skin was dry. Fluids were pushed and 
by October 11 the nonprotein nitrogen had come down to 33 mg. per cent. 

This and another almost identical case (nondiabetic) tvere at first re- 
gained as impending renal failure following prostatectomy until the true 
background of the sudden elevation of nonprotein nitrogen was evaluated and 
counteracted by forcing fluids. Without the immediate postoperative intra- 
venous infusion, no doubt the condition would in both of these cases have 
been far more alarming, especially on account of the nature of the condition. 

Congestive heart failure with passive congestion of the kidneys has been 
mentioned in the literature as a possible, though by no means likely, cause of 
great elevation of blood urea nitrogen. Tileston and Comfort 10 reported a 
study of a series in which one ease showed an elevation of 71 mg. per cent. 
Cases, however, have been known 23 where, due to congestive failure, the clini- 
cal picture so resembled uremia of renal origin that the patient was about to 
be given, a hot pack until the cardiac origin of the renal symptoms was 
stressed. The renal picture reverted to normal on reestablishment of circula- 
tory competence. A milder case came under the observation of one of us (R. B.) 
recently. 

Case 6. — M. S., a negro man aged forty-four years, with congestive heart failure from 
hypertensive and/or syphilitic heart disease. He was first admitted to the Philadelphia General 
Hospital on March 18, 1934, with moderate congestive heart failure and a blood pressure of 
160 systolic and 120 diastolic. 

The urine showed an acid reaction, a specific, gravity of 1.016 to 1.030, a trace of albumin 
and, on microscopic examination, there were occasional erythrocytes, granular casts and leuco- 
cytes in the first specimen only. 

The electrocardiogram showed definite evidence of myocardial disease. 

The man improved steadily and was discharged only to ho readmitted on Nov. 2, 1934, 
in a worse state than the first time. He had anasarca, a large liver, bilateral hydrothorax and 
Clieyne-Stokes breathing. 

The urine was acid, the specific gravity was 1.015 to 1.030 with, at first, a heavy trace 
of albumin and some casts. When his condition improved the albumin and casts were no 

longer present. 
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On this admission the blood urea nitrogen was 42.0 mg. per cent and the creatinine 
2.0 mg. per cent and this urea nitrogen came down to 20.0 mg. per cent after liis congestive 
failure was relieved and he improved generally. 

Case 7. — More severe acute (toxic?) kidney damage apparently not associated with any 
previous renal lesion or even any glomerular damage is illustrated by the following unusual 
case: 

A colored man, J. Ib, aged twenty-four years, was admitted to the Philadelphia General 
Hospital on June 24, 1934, for headache, vomiting, and inability to move his bowels well. 
There was a gradual onset preceded by a chest '‘cold” and the drinking of a half pint of 
“corn whisky.” Ho bad nocturia, frequency and dysuria since the onset. He had an acute 
gonorrheal urethritis one month before. 

Examination showed a well-nourished and well-developed young negro man with warm 
sweating skin and a fever of 101° to 103‘ P. His blood pressure was 110 systolic and 78 
diastolic. He was passing cloudy urine. The man was at first thought to have an intestinal 
obstruction and was sent to the surgical ward where the report of a blood urea nitrogen 
of 105.0 mg. per cent suggested uremia, and lie was transferred to the medical ward. There 
were no oliguria, hematuria, or pyuria but there were urinary frequency, urgency, and slight 
burning on micturition. There were no casts in the urine until July 3, 1934, and the specific 
gravity' ranged from 1.010 to 1.01 G. At first there was a heavy cloud of albumin but this 
disappeared by- July 4, 1934. On July 3 it was noted that “in spite of daily intravenous 
glucose his blood urea nitrogen had increased rapidly and progressively” (to 230 mg. per cent). 
There was urea frost on his face ; he was toxic and apathetic. 

On July 8 a twenty-four-hour specimen of urine showed a trace of arsenic. By July 10 
he had a blood pressure of 140 systolic and 90 diastolic. The pbenolsulphonephthalein test 
showed no elimination of the dye and the Mosenthal test showed a low fixed specific gravity 
and a night to day ratio of 4/1. The eyegrounds showed nothing abnormal. The blood count 
showed a severe anemia, the erythrocytes being 1,680,000 and the leucocytes 7,200 with a 
normal differential count. 

On July 22 the man was given an indirect Wood transfusion of 200 c.c. Bv July 28 
he felt better and his blood urea nitrogen was only 32 mg. per cent. By August 12 the 
blood pressure was 130 systolic and 80 diastolic. The phenolsulphonephthalein test showed 
an output of the dye of 14 per cent in the first hour and 10 per cent in the second hour. 
He continued to improve and was discharged in good condition with a blood urea nitrogen 
of only 22.0 mg. per cent. The diagnosis was acute toxic nephrosis. 

Table II show's that the blood chlorides in this case were not significantly reduced but 
that at the height of his blood urea nitrogen be had a marked acidosis. 


T At<LE II 
Blood Chemistry 


DATE 

SUGAR 

UREA N 

CREATIN' 

INE 

BLOOD 

chlorides 

IX TERMS 
OP 5? ACL 

1 CO, 

SERUM PROTEIN 

1 

0/26/34 

109 

105 




h — 

0/28/34 

107 

150 

11.2 

586 



7/ 3/34 

125 

230 



j 


7/ 0/34 

114 

240 

10.0 


19 vol. % ] 

Total 6 of) ^albumin 3.18 

7/10/34 





| 

0 (globulin 3.32 

7/21/34 

82 

32 



i 


7/2S/34 

96 

23 





8/13/34 

84 

oo 

— 

( 

t 



This ease was doubtless one of severe renal function impairment but on tl.e nil, , , 

not the type commonly associated with azotemia and more amenable to therapy ’ 

-r* ,o •**-»* <*• 

T , 1C ,,„ t , |1C eir , ™ 
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of sixteen and since that time there had been one or two a month. These seizures seemed 
definitely related to the menstrual cycle occurring especially at the onset of the menstruation. 
They lasted from a few minutes to an hour and were followed by headache. 

The case had been diagnosed as one of essential epilepsy, and the patient had been on 
a fluid limitation and salt-restricted diet for a period of two years. The night before ad- 
mission to the hospital there were several convulsive seizures, and the following day eight of 
them. Amytal was given and oxygen inhalations were administered. Two days after admis- 
sion the patient was stuporous, responding to pinprick only; she did not reply to questions, the 
pupils were contracted and responded only slightly to light. Physical examination was other- 
wise irrelevant. The eyegrounds showed no abnormalities. 

On November 16 the blood chemistry showed a remarkable finding: the nonproteiu 
nitrogen was 180 mg. per cent and the urea nitrogen was 95 mg. per cent, the creatinine 
was 7.3 mg. per cent, and the blood sugar was 135 mg. per cent. 

The patient was given 3,000 c.c. of normal salt solution intravenously; she reacted well 
to the saline and was able to answer questions intelligently and to recognize her relatives. 

On November 17 the patient’s blood count showed a hemoglobin of 14.5 gm. per 100 c.c. 

The red blood cells were 4,450,000 and the white blood cells were 17,900. The dif- 
ferential showed young forms 3S per cent, neutrophilcs 35 per cent, lymphocytes 1G per cent, 
and monocytes 11 per cent. Urinalysis showed a moderate trace of albumin, but no sugar. 
Microscopically there were found an occasional hyaline cast and a few white blood cells. 
The sedimentation time of the red blood cells was within normal range. The spinal fluid had . 
a pressure of 8 mm. Hg and the chlorides were 775 mg. per cent. 

The patient continued to be in a semistuporous state with a blood pressure of 95 systolic 
and 55 diastolic. The pulse rate was 120 per minute and the respiratory rate was 30 per 
minute. The temperature remained elevated, the highest point teaching 104° F. in the after- 
noons of the thirteenth and fourteenth of November. 

On November IS the blood urea was 100 mg. per cent, creatinine was 1.7 mg. per cent, 
and the chlorides were 520 mg. per cent. On that date she again lapsed into coma and was 
given 500 c.c. of 10 per cent glucose in saline solution intravenously. In addition 1,000 c.c. 
of saline were given by hvpodermoclysis. This treatment was repeated on the following day, 
and the blood chemistry was then as follows: urea nitrogen S3 mg. per cent and creatinine 
l.G mg. per cent. 

On November 21 the patient reacted from coma, answered questions intelb'gently and 
was quite cooperative. She complained of being weak. On this date the blood chemistry 
was: nonprotein nitrogen 5G mg. per cent and urea nitrogen 23 mg. per cent. The temperature 
had dropped to 100°, the pulse was 70 per minute, and the respirations were 20 per minute. 

On November 23 the patient became quite alert and active. The temperature returned to 
normal and her general condition was good. The blood urea nitrogen on this date was 
17 mg. pel cent. 

On December 1 the blood urea nitrogen was 9.0 mg. per cent and the patient became 
entirely free from symptoms (Table III). 


Table III 

Showing Chemical Constituents or the Blood in Case 8 


— 

DATE 

NONPROTEIN NITROGEN CHLORIDES 

UREA NITROGEN 


Nov. 17, 1933 

Nov. 18, 1933 

Nov. 20, 1933 

Nov. 21, 1933 

Nov. 23, 1933 

Dec. 1, 1933 

180 

520 

5G 

95 

100 

83 

23 

17 

9 


The electrocardiogram taken during the height of the coma and subsequent to it is 
worthy of note. During the coma the electrocardiogram showed a slight depression of the 
S-T interval in Lead II, and this changed on the following day to an inverted T-waie with a 
depression of the S-T interval. With recovery of the patient the T-wave tended to become 
flat and later upright. 
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On. December 4 the patient bad two convulsive seizures cacti tasting two minutes an<3 
associated with involuntary voiding. She again suffered seizures on the tenth and fifteenth 
of December. She was discharged from the hospital on Dee. 19, 1933. 


DISCUSSION 

An analysis of the conditions with which high blood uvea nitrogen is associ- 
ated will reveal the similarity of certain types. 

1. Loss of body fluids and. depletion of blood electrolytes: (a) by vomiting, 
by bowel, or by skin, (b) Deficient intake: starvation, deprivation of salt and 
water. 

2. Disturbances in the kidneys themselves: (a) acute intoxication and 
(b) passive congestion. 

3. Neurogenic? (a) reflex anuria and (b) central cerebral? 

4. Miscellaneous and little understood disturbances of metabolism. 

A review of the cases reported will indicate that by far tbe commonest clin- 
ical cases fall into tbe first group, all but two of our cases. 

Soon after Bolin’s method of blood analysis came into general use, Tileston 
and Comfort in 1914 w reported a study of a miscellaneous series of eases in 
whom they had made estimations of the blood urea nitrogen and found eleva- 
tions. They had three eases of acute intestinal obstruction. Cooke, Ttodenpaugk 
and Whipple, in 1916 reported 24 experimental confirmation of high blood urea 
nitrogen values and more particularly high values for noncoagulable nitrogen 
in dogs with ligated loops of bowel. In 191 9 Forges 25 reported clinical cases of 
associated high blood urea nitrogen and low blood chlorides. Later (1923) Brown 
and his associates 20 presented cases of high intestinal obstruction with the 
clinical picture of shock and coma. These observations were duplicated and 
further elaborated by Haden and Cut" in 1923 and by Whipple, Cooke and 
Staers in 1927 2T High C0 2 combining power of the blood was observed by these 
workers and their animals quickly improved when sodium chloride was ad- 
ministered. 

Previously, in 1908, Grumvald 28 had reported that dogs on diuretin and a 
salt-free diet developed a marked depletion of body chlorides and that as a 
result the animals went into coma from which they died unless salt was given 
them. 


The symptoms the patient shows depend partly upon the conditions under- 
lying the loss of chlorides and partly upon the state of dehydration. Loss of 
weight, asthenia, decline of blood pressure, rise in temperature, dryness of the 
skin, and shallow respirations portray the clinical picture of hypochloremic 
coma. The patient may also become disoriented, somnolent, and should the 
chlorides greatly diminish, perhaps comatose. The blood is anhydremic with 
a high hemoglobin and an increase in red blood cells per unit volume. The non 
protein and urea nitrogen are high. The blood chlorides are perhaps diminished 
but may be normal, especially in tbe early stages. The carbon diovide-combmhm 
power of the blood plasma is increased, the urine may show albumin and easts' 5 
hut a diminution or tolal absence of chlorides is the most striking findhm 
Neither tiie level of the blood urea nitrogen nor of the blood chlorides alwavs 
determines the onset of coma; this will probablv denend nnrvn tv ... ■ S 

predisposition of tho patient, especially with reference to the 
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The important thing is to recognize the condition because the administration 
of salt solution is so valuable in restoring the patient quickly to a normal state. 
For its recognition no elaborate procedures are necessary. After all, as Peters 59 
states, tlic clinical estimate of dehydration, dry inelastic skin and mucous mem- 
branes, loss of panniculus, inelastic eyeballs, scanty high-colored urine of high 
specific gravity, etc., arc more accurate than laboratory procedures, and the 
history is usually clear. Furthermore, for the general practitioner the exam- 
ination of the urine for chlorides and of the blood for hemoglobin when added 
to the clinical picture will usually suffice to estimate fairly accurately such 
a case. 

Concerning Types II, 111, and IV, less definite information is at hand 
and general principles will have to guide the diagnosis and conduct of such a 
case. 

The association, infrequent as it may he, of severe functional kidney im- 
pairment iu passive congestion should be borne in mind as well as the recognition 
of milder phases in most instances of circulatory failure with some evidence 
of renal damage. These usually clear up more or less completely with restora- 
tion of cardiac competency. 

Just wln^ the urea nitrogen rises is not clear any more than is the wonder- 
ful normal blood regulatory mechanism. “The nonprolein nitrogen content of 
the blood may be considered as the resultant of three factors : the rate of destruc- 
tion of protein in the body, the concentrating powers of the kidneys and the 
amount of water excreted. If the destruction of nitrogen is great enough, as it 
may be in such profound intoxications as lobar pneumonia, the blood nonprotein 
nitrogen may rise even when the kidneys are sound, especially if water ex- 
cretion is small because the patient lias received too little fluid. ’ ’ 50 

The story would not be quite complete without mentioning the many points 
of similarity between hypochloremic coma and the crises of Addison’s disease. 
In both the prominent signs are : weakness, prostration, fall in blood pressure, 
high blood urea values and low blood chi 01 ides. Sodium chloride alleviates to a 
striking degree these symptoms and findings in both Addison ’s disease and hypo- 
chloremic states. Out of the many functions, proved and improved, assigned to 
the adrenal cortex one fact stands out, namely, that the hormone of the adrenal 
cortex exerts an influence on sodium metabolism and thus has a regulatory effect 
on salt and water metabolism. 


CONCLUSIONS 

1. Attention has been called to clinical states of high blood urea nitrogen 
values not due to chronic glomerular nephritis. 

2. The importance of early recognition of this condition and the prompt 
improvement with proper therapeutic measures in certain types are.illustrated by 
a number of cases. 

3. The mechanism of nitrogen retention in these cases is not well understood, 

but it would appear to he intimately related in a majority of instances to 
alterations ter metabolism. 
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THE CARDIOVASCULAR SYSTEM IN PROTECTED AND 
UNPROTECTED ANIMALS WITH ACUTE 
DIFFUSE PERITONITIS* 1 


Dkkn’m.uu) Steinberg, M.D., and J . Lester Kobacker, AI.D., Toledo, Ohio 


N A PREVIOUS publication, 1 one of us produced experimental evidence that 
death in acute diffuse peritonitis is due to soluble toxic substances elaborated 
by bacteria present in the peritoneal cavity which are responsible for the peri- 
tonitis. This contention was based on experiments in which the peritoneal in- 
ihunniation was induced by intraperitoncal injection of diphtheria bacilli 
suspended in gum tragacanth. Those animals which were given subcutaneous or 
intravenous diphtheria antitoxin invariably survived in spite of a marked peri- 
tonitis. Animals without antitoxin invariably succumbed. 

Holzbach 2 in his review on circulatory failure in infectious conditions states 
that functional heart failure appears early in peritonitis, but this opinion is 
apparently based on clinical observation, since no experimental work on this 
condition was reviewed. 

Two types of peritonitis were induced in dogs in our experiments: Fecal 
peritonitis by the intraperitoncal introduction of 5 gm. of small and large bowel 
feces suspended in 25 c.c. of saline; and, colon bacillus peritonitis by intra- 
peritoneal injection of 50 c.c. of a 2 per cent gum tragacanth containing 200 
million B. coli per c.c. Electrocardiographic and carotid pressure tracings on 
the kj'mograph before the onset and during the course of the peritonitis were 
the two criteria employed to determine the effect upon the heart. Two series of' 
animals were employed: one series of twelve dogs in which no protection of any 
type was administered to the animals; in the other series of six animals all the 
dogs were protected by the administration intraperitoneally twenty-four to 
forty-eight hours before the onset of peritonitis of a suspension of killed colon 
bacilli in 1 per cent gum tragacanth (for the sake of brevity the material will 
be referred to as “eoli-bactragcn”). Previous publications 3 describe in detail 
the technic and the basis of this method of protection with coli-bactragen. It 
was desired to determine whether such a protection will evince any change which 
may otherwise be present in the unprotected animals on the electrocardiographic 
and kymographic tracings. All the animals were under pentobarbital sodium 
anesthesia. Along with each animal with peritonitis, a normal control dog was 
run simultaneously. 


THE EFFECT OF PERITONEAL INFECTION ON BLOOD PRESSURE IN 
PROTECTED AND UNPROTECTED ANIMALS 

The effect on the blood pressure in the animals with fecal and B. coli 
peritonitis was alike. Within fifteen to twenty minutes after onset of the in* 
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fection, the blood pressure began to drop gradually. In one hour there was a 
drop of 2 mm. of mercury. The fall was of the systolic pressure, the diastolic 
remained normal. The pulse pressure became progressively smaller. In six 
hours, the pressure dropped 5 mm. of Ilg and at the same time an arrhythmia 
appeared. In the colon bacillus peritonitis, the fall was still more rapid al- 
though it seldom exceeded 4 mm. of mercury. 

In the animals protected with coli-hactragen twenty-four to forty-eight hours 
prior to the onset of peritonitis, the systolic pressure dropped 1 mm. of mercury 
within ten to fifteen minutes and at the end of ten hours there was a total drop 
of 2 mm. of mercury. This drop in the protected animals was invariably a third 



Fig. 1. 
unprotected 
depression o 


tracing, one-halt hour after induction of peritonitis in an 
e is 200. (An increase from a normal of 90.) There is some 
.his as well as in all the subsequent figures Lead II is shown 



Fig. 2.— Electrocardiographic tracing, six hours after induction of peritonitis in an 

dog. The pulse rate is 264. The ST-interval is depressed. The T-wave is dlphasfe * * d 


or one-half less (in mm. of mercury) than in the unprotected. There was an 
absence of arrhythmia which was observed in the unprotected dogs. 

the effect of peritoneal infection on the heart in protected and 
unprotected animals as interpreted from Electrocardio- 
graphic tracings 

Electrocardiographic tracings were taken prior to and at half-hour intervals 
m unprotected dogs in which peritonitis was induced. The changes in the 
animals were progressive and rapid. There was a marked increase in pulse rate 
from 90 to 220, in the space of four hours. Accompanying the rate increase was 
a depression of the ST-mtcrval and the appearance of a diphasic T-wave Six 
hours after the onset of peritonitis, the pulse rate Wi • , ' ^ lx 

T-wavc deformity ap^d nT ** “> * 

. i Ft a red. these changes were interpreted to 
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UNPROTECTED ANIMALS WITH ACUTE 
DIFFUSE PERITONITIS 0 


Berxiiard Steinberg, M.D., and J. Lester Koiiacker, M.D., Toledo, Ohio 


N A PREVIOUS publication, 1 one of ns produced experimental evidence that 
death in acute diffuse peritonitis is due to soluble toxic substances elaborated 
by bacteria present in the peritoneal cavity which are responsible for the peri- 
tonitis. Tiiis contention was based on experiments in which the peritoneal in- 
flammation was induced by intraperitoneal injection of diphtheria bacilli 
suspended in gum tragacanlh. Those animals which were given subcutaneous or 
intravenous diphtheria antitoxin invariably survived in spite of a marked peri- 
tonitis. Animals without antitoxin invariably succumbed. 

Ilolzbaclr in his review on circulatory failure in infectious conditions states 
that functional heart failure appears early in peritonitis, but this opinion is 
apparently based on clinical observation, since no experimental work on this 
condition was reviewed. 

Two types of peritonitis were induced in dogs in our experiments: Fecal 
peritonitis by the intraperitoneal introduction of 5 gm. of small and large bowel 
feces suspended in 25 c.c. of saline; and, colon bacillus peritonitis by intra- 
peritoneal injection of 50 c.c. of a 2 per cent gum tragacanth containing 200 
million B. coli per c.c. Electrocardiographic and carotid pressure tracings on 
the kymograph before the onset and during the course of the peritonitis were 
the two criteria employed to determine the effect upon the heart. Two series of 
animals were employed: one series of twelve dogs in winch no protection of any 
type was administered to the animals; in the other series of six animals all the 
dogs were protected by the administration intrapevitoneally twenty-four ro 
forty-eight hours before the onset of peritonitis of a suspension of killed colon 
bacilli in 1 per cent gum tragacanth (for the sake of brevity the material will 
be referred to as “coli-bactragcn”). Previous publications 3 describe in detail 
the technic and the basis of this method of protection with coli-bactragcn. It 
was desired to determine whether such a protection will evince any change which 
may otherwise be present in the unprotected animals on the electrocardiographic 
and kymographic tracings. All the animals were under pentobarbital sodium 
anesthesia. Along with each animal with peritonitis, a normal control dog was 
run simultaneously. 

THE EFFECT OF PERITONEAL INFECTION ON BLOOD PRESSURE IN 
PROTECTED AND UNPROTECTED ANIMALS 

The effect on the blood pressure in the animals with fecal and B. coh 
peritonitis was alike. Within fifteen to twenty minutes after onset of the in- 
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fecticm, the blood pressure began to drop gradually. In one hour there was a 
drop of 2 mm. of mercury. The fall was of the systolic pressure, the diastolic 
remained normal. The pulse pressure became progressively smaller. In six 
hours, the pressure dropped 5 mm. of Ilg and at the same time an arrhythmia 
appeared. In the colon bacillus peritonitis, the fall was still more rapid al- 
though it seldom exceeded 4 mm. of mercury. 

In the animals protected with coli-bactragen twenty-four to forty-eight hours 
prior to the onset of peritonitis, the systolic pressure dropped 1 mm. of mercury 
within ten to fifteen minutes and at the end of ten hours there was a total drop 
of 2 mm. of mercury. This drop in the protected animals was invariably a third 



Fig:. 1 Electrocardiofrraphic tracing, one-half hour after induction of peritonitis in an 

unprotected animal. The pulse rate is 200. (An increase from a normal of 90.) There is some 
depression of the ST-interval. In this as well as in all the subsequent figures Lead II is shown. 



Fig. 2. — Electrocardiographic 
dog. The pulse rate Is 


tracing, six hours after 
264. The ST-lnterval is 


induction of peritonitis 
depressed. The T-wave 


in an unprotected 
is diphasic. 


or one-half less (in mm. of mercury) than in the unprotected. There was an 
absence of arrhythmia which was observed in the unprotected dogs. 


THE EFFECT OF PERITONEAL INFECTION ON THE HEART IN PROTECTED AND 
UNPROTECTED ANIMALS AS INTERPRETED FROM ELECTROCARDIO- 
GRAPHIC TRACINGS 


Electrocardiographic tracings were taken prior to and at half-hour intervals 
in unprotected dogs in which peritonitis was induced. The changes in the 
animals were progressive and rapid. There was a marked increase in pulse rate 
from 90 to 220, in the space of four hours. Accompanying the rate increase was 
a depression of the ST-interval and the appearance of a diphasic T-wave Six 
hours after the onset of peritonitis, the pulse rale had increased to 264 and 
still greater T-wave deformity appeared These el . > d a 

. i pearea. these changes avere interpreted to 
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indicate myocardial damage. Irrespective of the type of peritonitis, whether 
fecal or colon bacillus, the changes were similar in character. 

Six dogs were protected by the administration of eoli-baetragen and forty- 
eight hours later peritonitis was induced. Three of the animals were injected 
with fecal material and the other three, were given colon bacillus peritonitis. 
Shortly before the onset of the peritoneal infection electrocardiographic tracings 



Pig. 3. — Electrocardiographic tracing forty-eight hours after introduction of coli-bactragen 
and before onset of peritonitis. The pulse rate is ISO (an increase from 100 before introduc- 
tion of colf-bactragen). There is a slight depression of the ST-intcrval. 



Fig. 4.- — Electrocardiographic tracing two and one-half hours after onset of peritonitis in a pro- 
tected dog. The pulse rate is 210. The complexes arc normal. 



Fig. 5. — Electrocardiographic tracing six hours after onset of peritonitis in a protected dog. 
The pulse rate is 200. All the complexes are normal. 


were taken (forty -eight hours after administration of coli-bactragen). The pulse 
rate was increased from 100 (before administration of coli-bactragen) to 180. 
The ST-intcrval was slightly depressed (Fig. 3). At lialf-hour intervals follow- 
ing induction of peritonitis, electrocardiographic tracings were made. The pulse 
rate increased to 210 in two and one-half hours. In six hours the rate was 200. 
In none of the tracings were there any changes in any of the ventricular or after- 
complexes which would indicate myocardial damage (Figs. 4 and 5). 
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DISCUSSION 

There are several conceptions regarding the type of organ or tissue upon 
which bacterial toxic substances elaborated in the peritoneal cavity exert, fheii 
deleterious action. Mnncnkcw 4 contended that the toxins ascended along the 
nerve lymphatics and paralyzed the medullary vascular centers. Ivirsehncr 5 sug- 
gested that the capillaries of the peritoneum were paralyzed producing stagnation 
of the portal circulation. Askanazy® believed that the toxins dilated the in- 
testinal lymphatics which pressed on the ganglion cells with a consequent 
paralysis of the bowels. No sufficient convincing experimental evidence has been 
brought forward to justify any of the above conceptions, although all the sug- 
gested tissues and organs may very well be acted upon at the same time by the 
toxic substances. Death may not necessarily be due to the action upon a single 
organ or tissue. 

Some experimental evidence is presented in this work that indicates the 
involvement of the heart in acute diffuse peritonitis. The findings, under the 
conditions of our experiments, do not differentiate, however, myocardial damage 
due to direct action of the toxic substances from an ischemia which may result 
from a paralysis of peritoneal capillaries and diminished blood supply to the 
heart. The fall in the systolic pressure, the rapidity of the heart action, the 
changes in the ventricular and after-complexes in the electrocardiographic 
tracings may be interpreted either as a direct action of the toxin on the myo- 
cardium or as an indirect effect. 

Animals which were, protected against the lethal outcome in peritonitis by 
the administration of coli-bactragen failed to show airy deleterious effects on the 
heart as determined by our criteria. The essential protective factor operating 
in animals with coli-bactragen consists of a rapid phagocytosis of the invading 
organisms. In previous articles’ 1 7 it was demonstrated that successful protection 
of an animal depends on a rapid phagocytosis by a sufficiently large number of 
polymorphonuelears to cope with all the invading bacteria. This phagocytosis 
occurs within a few hours after the onset of peritonitis and consequently the 
bacteria are prevented from elaborating soluble toxic substances. This conten- 
tion in former publications is further verified by experiments presented in this 
work so far as the effect upon the heart was not apparent in the protected 
animals. 

CONCLUSIONS 

Under the conditions of these experiments, myocardial damage was demon- 
strated in acute diffuse peritonitis with carotid blood pressure and electro- 
cardiographic tracings as criteria. 

Animals protected against a lethal outcome from acute diffuse peritonitis bv 
the administration of coli-bactragen, failed to reveal any myocardial damage. 
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LABORATORY METHODS 


OBSERVATIONS ON INTENSIFYING THE MET ACHROMATIC 
PROPERTIES OF CRESYLECHT VIOLET* 1 

B. G. R. Williams, M.D., Paris, III. 


A n INVESTIGATION ol the chemistry, physical properties and reactions 
L of the cresyl violets was undertaken in 1922 at the request of the Com- 
mission on Standardization of Biological Stains. Several reports have been 
published. 1 ' 4 

During the early part of 1934, it was decided to change somewhat the 
methods of study. Up to this time, it had not been regarded as practicable to 
intensify the metacliromasia in a manner similar to that used with methylene 
blue: this for two very good reasons: (1) it already possesses fairly good meta- 
chromatic properties, and (2) it is very susceptible to alkalies even in traces. 

Therefore as might be imagined, our first attempts to follow the methylene 
blue methods were very disappointing. But just as we were about to aban- 
don the venture as one without promise, one experiment showed a very dramatic 
result. Finally last July a new and improved method for preparing a stain- 
ing solution was elaborated. During the past six months this has been used 
routinely in surgical pathology. We have become sufficiently enthusiastic to 
publish the results, although, of course, further improvements will probably 
be made. 

Contrary to expectations, it has been learned that alkalinization is prac- 
ticable. However considerable pains must be taken when attempting to in- 
tensify: certainly much more care is needed than in the coarse methods used 
with methylene blue. In the first place, it seems imperative to use a good dye 
obtained from a constant source, for it has been pointed out 1 that the prod- 
ucts of different makers vary greatly in properties. Moreover, as contrasted with 
(lie stable methylene blue, cresylecht violet is more unbalanced, delicate, and 
“fickle.” This is observed not only when working with it, but is also suggested 
by its formula; 
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At any rate, it was decided early in the investigation to avoid heatings. 
Moreover no matter how hopeless a product might lie secured, every effort was 
made to reclaim it. Chiefly upon these policies success was realized. 

In all our experiments the item prepared by the National Aniline and 
Chemical Company was employed. We have been told that certain men still 
prefer to use imported cresyl violets. However it has been our experience when 
studying these foreign makes that no two of them agree in properties; and in 
our work, an item of constant and dependable composition is imperative. 

PREPARATION OF THE SOLUTION 

The several steps (as used at present) may be detailed as follows: 

First, in a 250 nil. Florence Flask, mix well the following; 


Cresvlcclit violet (National) 1 gm. 

Potassium carbonate (dry) 1 gm. 

White-water formaldehyde (U.S.P.) 5 ml. 

Distilled water 95 ml. 


Second, regardless of the physical appearance of the mixture, proceed with the work. 
Shake at intervals for about one-half hour. y 

Third, then carefully and in small amounts, add a total of 3 ml. glacial acetic acid. 
Gas is formed. Contents should be “swirled,” or gently shaken in the flask, during the addi- 
tion of the acid; but the flask should not be corked. 

Fourth, swirl occasionally during the next one-half hour and then filter. Add 5 ml. 
alcohol, propyl, -iso (99 per cent) (Mallinekrodt). 

The above first-step yields a brownish-muddv mixture, and it may be felt 
that, “all is lost.” However the addition of the acid brings out a new, intense 
and beautiful violet. The exact changes we have not been able to determine. 
For want of a better name, we liave been calling the new polychrome “cresyl 
orchid.” However it is probably a composite or mixture rather than a definite 
substance; and probably we have merely (ns with azures in polychrome methy- 
lene blue) added traces of minor components to the cresyl violet. 

If the alcohol he omitted entirely, the solution will become weaker after 
a few days, and a reddish substance will he observed clinging to the glass. But 
prepared with the trace of alcohol, the solution seems to be stable for months. 
Here where much of it is used, we secure good results by preparing it fresh 
each month. 

Reading over the above description, workers will recognize the rough skele- 
ton of the Goodpasture method for polychrome methylene blue. However no 
heating operations are employed, the diluents are different, etc. 

USE OF THE SOLUTION 

The stain is of use in surgical pathology. It is applicable for rapid read- 
ing of tissues where prompt diagnoses are urgent. It quickly distinguishes 
between muscle and fibrous tissues without using elaborate methods like Van 
Gieson stain, etc. It may he employed with unfixed tissues, but gives excel- 
lent results where formaldehyde preparation has been used. It is particularly 
suited to work which must be rapid and yet accurate (biopsies, etc.) IVe liave 
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not been able to mount these stains, and their value lies in diagnosis rather 
than permanent files. The following technic has yielded best results : 

First, spread tlic section on the face of lifter. 

Second, drain and gently blot oil excess of water, leaving section just moist. 

Third, with dropper or pipette, add a drop of the solution or just enough to cover 
the section. 

Fourth, count oft about six seconds. Then paddle off the section into a large dish of 
tap water. (We nse a large Pyrex glass biscuit pan for this purpose.) After paddling 
it around for several seconds (rapid washing), place on a slide in water and add a cover 
glass. 


THE METACHROMASIA 

We have been taken to task for our former descriptions of granule staining 
with cresyl violets. It has been interesting to note, however, that there has been 
considerable disagreement among the critics. Very likely some of them have 
been using imported dyes. As a matter of fact, surgical pathologists are not 
greatly interested in granule staining. Therefore in this report we may wisely 
ignore the granules and describe the staining reaction of the important ele- 
ments: Blue: all nuclei, muscle cytoplasm; Pink: other cytoplasm, fibrils; and 
Yelloiv: fat cells. 

It is rather difficult to imagine a more valuable metachromasia in routine 
tissue work. Perhaps the stain falls short of expectations in autopsy work 
and where permanent mounts are wished ; but for rapid surgical diagnoses, it 
is of great promise. 
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THE TECHNIC FOR ISOLATION AND PREPARATION OF 
BACTERIOPHAGE® 


Gladys Morton, B.S., and Marie AYasseex, New York, N. Y. 


/ INTRODUCTION. . — Because of numerous requests for information concern- 
ing the practical laboratory methods of preparing bacteriophage, we will 
endeavor to present those used in this institution, discussing in turn, equipment 
and materials employed, sources and manner of isolation, and preparation of 
stock and specific bacteriophages. 



Fie. 1.— Assembled Berkefeld ill tor. (1) Mantle ; (2) candle; (3) metal collar: (i) rubber 
washer; (j) metal nut; (G) rubber stopper No. 7, with single hole; (7) metal stem ot n 
candle; (S) rubber stopper No. 1, with two holes; (9) outlet hole through rub ber stopper ,v of 
glass tube in continuity with metal stem; (11) test tube to receive filtrate; (1~) sicie am 
filter flask to connect with suction. 

Equipment and Materials . — Among the materials peculiar to this branch of 
work are filters. After trying various bacteriologic filters, the Berkefeld 3 AA 
and 5 AA T have been found the most practical. The 5 AY filter candles are used 
for filtering individual set-ups, and the 3 AV for the larger volumes. The filteis 
are assembled according to the diagram (Fig. 1). The test tube containing 
the filtrate may he replaced by an empty sterile tube and the filter Tise ^ two 01 

•From the Department of Pa t hoi o try and Bacteriology, New- York Post-Graduate Medica 
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three times for succeeding generations if the material to he filtered is not too 
eloud.v. Before assembling, new filters are brushed in running tap water and 
boiled for twenty minutes in distilled water. After using, the parts are boiled 
separately for twenty minutes in tap water. The mantles are washed and rinsed. 
The candles arc brushed in running water to remove deposits on the outside, and 
then washed through with suction to remove all traces of medium which have 
collected throughout the pores, and arc finally reboiled for twenty minutes. The 
parts are allowed to dry and the filters reassembled and autoclaved. 

Media . — Two media are commonly used for all the bacteriophage work. The 
one used for testing and for making bacteriophage to be used locally is meat 
infusion broth. For subcutaneous and intravenous use, or in case of protein 
allergy, bacteriophage prepared in a comparatively protein-free medium in which 
the nutrient is asparagin, one of the amino acid group, is employed. 

The asparagin medium 1 is prepared as follows: 


Asparagin 3 gm. 

Magnesium sulphate 2 gm. 

Sodium chloride 4.5 gm. 

Bipotassium hydrogen phosphate 2 gm. 

Distilled water (neutral in reaction) 1,000 c.e. 


Dissolve the substances in water. Bring to a boil, adjust the pH to 7.6. 
Autoclave at 15 pounds for fifteen minutes. Filter through filter paper, tube, 
and autoclave again at 15 pounds for thirty minutes. Final pH should be 7.0 
to 7.2. A precipitate is usually formed during the first autoclaving. The 
medium should be clear after the second autoclaving. 

Isolation of Bacteriophage . — In isolating a bacteriophage different sources 
may be utilized. Sewage is the most common source and a bacteriophage for the 
colon bacillus can almost invariably be obtained. The sewage is filtered through 
a Berkefeld filter and set up as indicated in Table I. 


Tabue I 



ORGANISM 

CONTROL 

C.O. 

ORGANISM AND SEWAGE I 

IWIUATE 1 

sewage 


4 HOURS 

C.O. 

24 HOURS 

C.O. 

sterility test 

C.O. 

Meat infusion broth 

10.0 

10.0 

10.0 

10.0 

Filtered sewage 

— * 

0.5-1.0 

0.5-1.0 

O.o-l.O 

Broth suspension of 24-hour 
culture 

0.1 

0.1 

0.1 

— 


The svwonsjo,. should bo heavy enough to moke a barely perceptible clone 
when 0.1 c.e. is inoculated into 10 e.c. of broth The n • , 

at 35° C. until there is a perceptible growth in the control C n^ mCubatec 
hours. At that time the preliminary*" di„. > i, l“ c 

clearing has been adopted as follows : An arbltr ^y scale of 


Four- plus lysis 
Three-plus lysis 

Two-plus lysis 
One-plus lysis 


Complete clearing 

R l»aetcrSedim™t ^ tI,an in tl,C Contro b an(1 with 

Perceptible clearing, but with some sediment 
Heavy growth, only slightly clearer than the control. 
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At this time one tnhe is filtered, the filtrate placed in the ice box, and the 
other tubes remain in the incubator overnight. A reading is then made, using 
the same scale. If the lysis is not four-plus at t his time the process is repeated, 
using the filtrate which has been procured after the four-hour reading. 'When 
lysis is complete, a volume of the bacteriophage is prepared, using the same ma- 
terials and amounts as described above, but setting up a greater number of 
tubes so that a larger amount can be obtained. It is then titrated by the fluid 
method described by d Tie relic. 2 < 

Other sources from which bacteriophage may be isolated include specimens 
from patients in either chronic, acute or convalescent stages of disease; sludge, 
animal feces, and impure water. Slight variations in the method of isolating 
bacteriophage may be employed. The sample from which a bacteriophage is 
desired may be inoculated with a susceptible strain of organism and incubated 
twenty-four or forty-eight hours before the first filtration. In isolating bacterio- 
phage from patients' specimens, such as pus, blood or feces, the specimen is 
placed in nutrient broth and incubated overnight, before it is filtered. 

The potency of a bacteriophage is ascertained by titration (dTIerelle 2 ). A 
titration of 10 _s is required for all slock races, and a higher titer is desirable 
whenever possible. The titer may be raised in some eases by serial filtration 
even after four-plus lysis for twenty-four horn's has been reached. 

Testing of Specimens . — The organisms which are to be tested for bac- 
teriophage susceptibility are isolated and transplanted on agar slants, or where 
the growth is scant, in broth. Stock bacteriophage is used as the filtrate and 
the organism is set up and serial filtration carried out by the same method as 
is used in isolating a bacteriophage (see Table I). 

The process is repeated until the lysis is complete, or for five generations, 
after which, if there is no sign cf lysis, or no noticeable improvement, the culture 
is reported not susceptible or partially susceptible as the case may be. It is im- 
portant to remember that not all organisms are susceptible to bacteriophage. 

If an asparagin bacteriophage is desired, the suspension is made in aspar- 
agin, and not more than 0.5 c.e. of broth filtrate is used for 10 c.c. of asparagin 
medium. Where the bacteriophage is to be used for intravenous injections, it is 
advisable to carry it for two generations in asparagin, thus reducing the broth 
concentration to a negligible minimum. 

Volumes of bacteriophage specific for the organism arc prepared as soon as 
four-plus lysis, which persists for twenty -four hours, has been obtained. This 
is done by setting up several tubes with the oi'ganisms and the filtrate which 
gives the four-plus lysis. After four horn’s this is filtered and sterility tests are 
made by placing 1 c.c. of the bacteriophage in a tube of nutrient broth and in- 
cubating forty-eight hours. If no growth is visible in that time it is assumed that 
the filtrate is sterile. No bacteriophage which shows the slightest cloud should 
be used in therapy. 

Aseptic precaution must be observed in tubing the bacteriophage, since any 
air contamination would render it unfit for use. A special room in which a 
draft is eliminated and which can be washed with an antiseptic is uti ize 
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The bacteriophage is tubed in amounts applicable for use in the particular case, 
since after opening the tube it is advisable to use the entire contents. For sub- 
cutaneous and intravenous injections the bacteriophage is put up in a vaccine 
vial -with a soft rubber cap. 

When a bacteriophage is made up with an organism isolated from a patient’s 
culture it is called “specific” to differentiate it from stock preparations. It is 
advisable to use this specific bacteriophage whenever possible since it contains, 
in addition to the lytic principle, the dissolved substance of the invading organ- 
ism of the patient. Stock bacteriophage is recommended, however, in acute 
cases, while the specific is being prepared. 

Preparation of Stock Bacteriophage . — Stock bacteriophage has a twofold 
purpose: the testing of organisms and the therapeutic use until a specific prep- 
aration is available. It is therefore necessary that it be polyvalent and that 
it have a high titer. Methods vary in obtaining these qualities for different 
groups of bacteriophage. 

A. Staphylococcus: In this laboratory staphylococcus bacteriophage is most 
widely used. It embodies seven individual races isolated from different sources. * 
A combination of these phage races in equal parts is set up with a number of 
virulent and recently isolated staphylococcus strains and filtered together. The 
new stock is always titrated with one of the strains used in its preparation. 

B. Coli: Two methods have been found useful in preparing a polyvalent 
stock coli preparation: first, increasing the number of individual stock races; 
second, the addition of specific bacteriophages which have been prepared for 
case strains. The stock coli mixture used in testing and in therapy is a combina- 
tion in equal parts of forty individual races.! This mixture has been set up 
with Coli C., the susceptible strain used for the original isolation, in addition to 
a number of susceptible case strains. Before the mixture is filtered 10 or 15 
e.c. of the specific bacteriophages for each recent case strain are added. Every 
six months, or more often if the original mixture lias become 'too specific, a new 
one is made from the original races. 


C. Streptococcus: Streptococcus bacteriophage is highly specific and four 
plus lysis is obtained in but a few of the strains tested. The stock which is used 
for testing is a combination of six individual races,! prepared with a hemolytic 
and a fecal strain. Since it is not possible to prepare fully potent specific 
bacteriophage for a majority of the ease strains, a partially potent one is often 
used and has been found of practical use in therapy. 

The set-up in Table II is made in duplicate, and one set-up with excenii, 
of the organism control and bacteriophage sterilitv ic on ’ * ceptlon 

is sufficient growth for reading. Th„ dwlfw ' s 'll If “ ^ 

twenty-four-hour reading. The” «H ra * 1st Zl » £ ” “ 

cn set up m the same manner and 

•Staphylococcus races or bacteriophage have . , 

A. Gratia. aB0 ha ' c b «'n obtained from Bronislaw* Fetch, , 

tColt races of bacteriophage have b a J - )s,ri a nd 

Ralph S. yntekenfuss and Gregory .Schtv ; trUma nn ' <! from B - *• Callow, Julius Kiostem,, 

^streptococcus races of b.iclorlonhicn i S ivl0 - stcr man, 

(race isolated by P. K. and A. s. Clarkt ''Ig 0 bpen obtained from F d'Horoii 
Schwartxmann. c,ark >- Norman R. Goldsmith Htlm W ' Alice Evans 

» vii anu Grogon 
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the tubes in which complete lysis occurs arc filtered and used in therapy. The 
remaining tubes are filtered and again set up in the same dilutions to see if a 
fully potent bacteriophage can be obtained. 

D. Miscellaneous: The miscellaneous group embodies single races of pyo- 
cyaneous, proteus, typhoid, Flexncr and Shiga bacteriophages which are pre- 
pared with the strains originally used in isolation. Volumes are prepared by 
using the routine method. 


Table II 



ORGANISM 

CONTROL 

BACTERIAL SUSPENSION + BACTERIOPHAGE 

BACTERIOPHAGE 

CONTROL 

Meat infusion broth 

c.c. 

10.0 

I C.C. 

C.C. 

2.0 

C.C. ! 

G.O 

C.C. 

s.o 1 

C.C. 

9.0 

C.C. 

9.5 

C.C. 

9.5 

Bacterial suspension 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

— 

Bacteriophage 

— 

10.0 

s.o 

4.0 

2.0 

1.0 

0.5 

0.5 


Mixed, Bacteriophage . — In cases where a mixed bacterial infection is in- 
volved, the bacteriophages are mixed in proportions as indicated by the specific 
culture. In preparing stock intestinal mixture 100 colitis cases were studied 
before deciding the appropriate proportion. At the present time it contains 
about 48 per cent mixed coli bacteriophage, 24 per cent streptococcus bac- 
teriophage prepared with a fecal strain, 24 per cent prepared with a hemolytic 
strain, and 4 per cent staphylococcus bacteriophage. 

No preservative is used in bacteriophage, since the amount necessary to 
inhibit the growth of bacteria also inhibits the bacteriophage. Aseptic pre- 
caution and careful sterility tests are employed. The bacteriophage is kept 
in the refrigerator and should maintain its potency from four months to three 
years in this condition. Bacteriophage is sensitive to high temperatures and in 
incubating the temperature should not be over 35° C. in order to get the best 
results. Some bacteriophages fail to cause complete lysis if the incubator tem- 
perature is increased. 

We deem it a privilege to acknowledge tlic helpful guidance of Professor Ward J- 
MacNeal and Doctor Adcle 15. Shcplar, Chief of the Laboratory of Bacteriology, and also the 
collaboration of our associates in this laboratory. 
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PREVENTING AIR HOLES IN SERUM CULTURE MEDIA* 


Sister M. Edeltrude Pete, St. Paul, Minn. 


T HE difficulty of producing- Loeffler’s blood serum culture media without air 
holes has been a problem to me for sometime, and I discovered it to be such 
to many others. As a consequence I experimented, and, having found an easy 
method of offsetting the air hole disturbance, I am offering it to those whom it 
may interest. 

We who have worked in laboratories are well aware that Loeffler’s blood 
serum culture media, as routine media for common culture, have been used with 
great success, but considerable expense when purchased ready for use. We know 
also, that to produce these media without bubbles and for long preservation of 
moisture, is a problem. A little knowledge of the cold-pack and steam-pressure 
method of canning brought this idea to me; why not use that procedure for 
culture media ? 

I mixed the culture media according to the direction given for the Loeffler’s 
blood scrum, and put it into small vials or bottles (17 by 60 mm.), using for 
plugs, corks to about one-sixteenth of an inch from the top of the bottle, and 
screwing over them tightly fitting aluminum cork-lined caps; and on some others 
I screwed the aluminum cork-lined caps without the corks. I placed both kinds 
of vials into the autoclave in a slanting position following the directions for the 
coagulation and sterilization. Upon removal from the autoclave I found the 
vials entirely free from air holes or bubbles, the media sufficiently thick and 
with a smooth surface, plus sufficient water condensation in the bottles to assure 
indefinite moisture while the bottles were kept in a cool place. 


While the cork of a vial remains tight in the autoclave, the expansion of the 
media during the heating process will cause the rising air to remain in a layer 
just below the cork, thus preventing bubbles, while the pressure from without 


keeps the bottles from breaking. If, however, this rising air in the bottle, under 
the pressure of heat, is allowed to escape from the bottle, the change of pressure 
within the vial will cause air holes in the media, and sometimes breakage of 
bottles. 

The culture media prepared from Loeffler’s blood serum with the aluminum 
cork-lined caps, which I have described, are so much less expensive than what we 
had in use, that we are using the former freely now for all of onr common 
routine culture media. 

These vials, cork-lined aluminum screw caps, 17 by 60 mm., are $0 35 per 
dozen, jOi'ii$3m0^ per gross, and can be obtained from the Arthur Thomas Com- 


•From SC Joseph's Hospital. 
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BAGG ALBINO MICE FOB TESTING HORMONES AND OTHER 
EXPENSIVE SUBSTANCES® 


J. F. McClendon, Ph.D., and Harold Street, M.S., Minneapolis, Minx. 


M ICE have been used both by American and European workers in assaying 
theelin and oilier substances. The use of mice is particularly advantageous 
when the amount of hormone in the blood is to be assayed, and yet many workers 
are prejudiced against the use of mice. They claim mice are delicate, and for 
nutrition studies the growth, rate is too slow. On the other hand, I have found 
mice quite hardy, standing travel for many thousands of miles in winter weather 
and living in cold rooms. This is especially true of wild mice who live in un- 
heated shacks with an outside temperature of 30° below zero. I have found 
the mice that were delicate were infected with some epidemic. Hot weather, 
however, is more detrimental and care must be taken that they have water at all 
times and, though very little oxygen is needed, a slight amount of ventilation is 
necessary for evaporation of moisture in heat regulation. 

Bagg albino mice have been used by a number of workers, and it seems to 
be the most homozygous strain obtainable. From the work of Fortuyn on the 
albino mouse, and Palmer and his students on rats, it would seem that in selecting 
for homozygosity, it may be necessary to pay special attention to the particular 
character whose variability it. is desired to reduce. 

I have bred Bagg albinos for a number of years and established colonies not 
only in Minneapolis but also in Sendai and Sapporo, Japan. They grew well in 
rooms at 40° F. when the metal cages were surrounded by thin paper. They grew 
well on diets used for rats and developed rickets on Stccnbock’s diet No. 2965. 
Harold Street and I have determined their variability in body weight on the 
following diet : 


Ground whole wheat. 

40.0% 

Ground whole flax seed 

4.5 

Whole milk powder 

45.0 

Iodized salt 

O O 

Yeast 

3.3 

Alfalfa dust 

5.0 


as given in Table I, in which 30 to 50 mice of each age and sex were weighed. 
The coefficient of variability is slightly greater than that observed by King m 
Wistar albina rats (about the same as in Norway rats) but is not sufficiently 
greater to warrant the use of rats for very rare substances. Even when the 
growth rate is taken as an index of physiologic test, it is not the amount of growth 
which determines their worth but their variability. It would be desirable foi 

•From the Laboratory of Physiological Chemistry, University of Minnesota. 
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Table I 


Bagg Albino Mice: Coefficients of Variability; Means and Probable 
Eiuiobs of Means in Grams 




MALES 



FEMALES 


DAY or 

AGE 

MEAN 

COEF, 

PROBABLE 
ERROR OF 

MEAN 

COEF. 

probable 

ERROR OF 

"WEIGHT 

VAR. % 

MEANS 

WEIGHT 

VAR. % 

MEANS 

i 

1.31 

15 

0.0246 

1.30 

15 

0.0228 

o 

1.51 

16 

0.0306 

1.52 

13 

0.0231 

3 

1,75 

16 

0.0314 

1.77 

18 

0.0317 

4 

2.09 

19 

0.0409 

2.1 C 

15 

0.0317 

5 

2.45 

19 

0.0501 

2.57 

17 

0.0449 

G 

2.SS 

19 

0.0598 

3.02 

18 

0.0567 

7 

3.30 

17 

0.0631 

3.47 

23 

0.0805 

8 

3.77 

IS 

0.0736 

3.97 

19 

0.0784 

9 

4.21 ' 

18 

0.0S41 

4.43 

20 

0.0921 

10 

4.67 

17 

0.0843 

4.92 

20 

0.1006 

11 

0.02 

19 

0.103S 

5.32 

21 

0.1138 

12 

5.39 

21 

0.1236 

5.63 

23 

0.1327 

13 

5. 78 

20 

0.128S 

6.04 

22 

0.1354 

14 

6.10 

19 

0.1272 

6.48 

22 

0.1438 

15 

6.41 

1!) 

0.1315 

6.64 

23 

0.1562 

1G 

6.57 

1G 

0.1164 

6.92 

21 

0.1521 

17 

6.78 

17 

0.1294 

7.04 

22 

0.1596 

18 

6.85 

22 

0.1645 

7.17 

21 

0.1562 

19 

6.96 

21 

0.1621 

7.24 

23 

0.3684 

20 

7.13 

21 

0.1605 

7.41 

23 

0.1702 

21 

7.33 

20 

0.1676 


21 

0.1741 

22 

7.07 

21 

0.1812 

7.95 

22 

0.1856 

29 

9.48 

19 

0.2601 

9.87 

19 

0.2050 

36 

12.36 

19 

0.2601 

12.50 

IS 

0.2477 

43 

14.74 

15 

0.2588 

14.47 

15 

0.2532 

50 

16.74 

15 

0.2860 

15.61 

15 

0.25S1 

57 

18.54 

16 

0.3496 

16.64 

14 

0.2739 


Table II 

Albino Mice, Mean Weight in Grams 
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Birth 

1 wk. 

2 wk. 

3 wk. 

4 wk. 

1.23 

3.31 

5.14 

1.47 

2.99 

5.09 

1.47 

3.35 

4.44 

5.89 

S.55 

1.31 

3.48 

6.03 

8.65 

11.64 

1.41 

3.97 

6.24 

8.74 

12.07 

1.38 

5.49 

1.38 

5.64 

1.31 

3.77 

6.41 

7.67 

9.48 

1.3 

3.97 

6.69 

7.95 

9.87 


purposes of correlation of the work of different investigators if more workers 
on mice used the same breed just as has been done in the ease of the Wistar rat 
Table II shows the variation one obtains in nsing different breeds of mice. 


B!lpK ’ n i>sU^^ Abnormalities in the 

Bing, Franklin 0., and Men, lei, L. B .’ ; The Vit amh? n 21 : ^24. 

the Albino Mouse, .T. Nutrition 2' 40 ipop ‘ n<1 t le ' ,l ™>" G Sequirements of 
Idem: The Relationship Between Food nnd'VaW Intake, in xr 

ICO, 3031. - r lntaKes m Mice, Am. ,T. Phvsiol. 98: 
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A CONVENIENT APPARATUS FOR RAPID AND ACCURATE 
TUBING OF CULTURE MEDIA* 


Elizabeth S. Porter, M.S., and Ralph McBurney, M.D., University, Ala. 


T HE simplicity and convenience of this device are its chief recommenda- 
tions, especially where large quantities of media arc to be quickly tubed. It 
enables one to fill a basket of tubes to the same approximate level without moving 
the tubes, and with more convenience than by holding three or four tubes in the 
hand and transferring them from one basket to another. Uncomfortable handling 
when tubing hot agar is eliminated. 

Any carpenter can make the wooden structure which may then be finished 
in dark oak or black. Necessary parts may be used from laboratory stock. 

A general view of the boxlike structure is shown in Fig. 1. Detailed features 
of construction are shown in Fig. 2. 

The wooden structure is essentially a box. It is 10 inches wide and 9*4 
inches deep at the base. At a height of 7 inches the frame is “stepped” back 
4 y 2 inches, on which level is fastened a % inch board, 11 inches long, and 
4:14 inches wide, forming a shelflike stage upon which a wire basket of tubes 
is placed during the tubing of media. Each side is 4% inches deep above this 
level, rising to a height of 9 inches, mailing the back 16 inches high. It is 
topped with a % inch board similar to that used in the construction of the stage. 
It is held in place by small hooks and screw eyes on each side, allowing easy 
removal for replacing the electric light bulb used for illumination and desen e 
later. 

•From tlie Department of Bacteriology, School of Medicine, Universitj of Alaba 1 
Received for publication, February' 23, 1S35. 
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In the front, level with the top of the stage, is a window 0V2 inches "wide 
and 6% inches high. It is fitted with ground glass held by ~/ic, inch moulding. 
The whole is recessed to be in the same plane with the sides. 

Inside the box, behind the window, is a movable shade which is raised 
or lowered by a set screw («■) (Fig. 2 ). The shade is made of a piece of sheet 
tin or aluminum 3 by 6V2 inches and suspended by two pieces of wrapping 
twine tied to a hole punched in each end of the sheet metal, the free ends being 
knotted through % inch holes drilled in a % inch brass crossbar. The holes in 
the bar are spaced so the strings will hang parallel. The brass bar is made of 
hollow tubing and is held in place by pushing through holes drilled in each side, 



Fiff. 1. Fig. 2. 


about % inch from the front and just above the level of the ground glass window 
The holes should be a little larger than the crossbar to allow easy turning 
The set screw (a) (Fig. 2 ) , used for raising and lowering the curtain is threaded 
onto the outside of the bar. At b the bar is held by a small metal washer with 
a machine screw threaded into the tubing. 


To prevent «* metal curtain tram swaying backward a small piece of 
copper or iron wire a stretched from side to side behind it, about two inches 
below and m the same plane with the metal crossbar ° mches 


A porcelain electric light socket is fastened vertic-dlv in „ .. „ 

strip on the inside of the box extending from sidr +n • i f smaIi 7° 0den 
level with the height of the stage. Ordinarv electric b ° ^ approxima tely 
to this through the bottom and com in- out at either ., amp cord 3S connected 

0 0ul at Clther ^de underneath. A hand 
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switch may be placed between this and a connecl ion for plugging into any light 
socket. A 40-watt frosted bulb is ample for illumination. The interior of the 
box is painted white. 

Fastened vertically into the center of the top is an 18 by % inch iron rod. 
It is fastened by a nut- on both sides of the board with iron washers between and 
loose enough to allow for free swing of the buret attached by an iron clamp as 
shown in Fig. 2. 

The buret into which media arc poured, for tubing, may be adjusted to 
a convenient height by means of the iron clamp. The buret used in this in- 
stance has a capacity of 250 ml. It may be removed for washing, and may be 
wrapped in paper and sterilized, if necessary for any special media. 

Rubber tubing with a glass tip is attached to the end of the buret, for dis- 
tributing media to the tubes. This rubber tubing should be long enough to reacli 
each tube comfortably. It is fitted with a pinch-cock clamp to control the flow 
of media. 

On the window’ are two horizontal lines to indicate the levels to -which tubes 
are to be filled for broth cultures, agar slants, and pours. The lines may be 
drawn with an ordinary blue grease pencil used for marking glassware. The 
operator sits so that his eyes arc on a level with one of these lines. Illumination 
is from the light inside the box. The ground glass of the window and the shade, 
which is adjusted to eye comfort, prevent glare. 

A basket filled with tubes is placed upon the stage. Tubes are filled in 
row’s beginning at the back and working forward. This permits the operator 
to see the guide lines for filling. 

With the free swing of the buret bar and the rubber tubing and height of 
the buret properly adjusted, no trouble will be experienced in conveniently 
reaching every tube. 


A LABORATORY STUDY OF AMIDOPYRINE, BARBITAL, PHENYL 
HYDRAZINE, AND BENZENE IN RELATION TO 
AGRANULOCYTIC ANGINA* 


V. L. Bolton, A.B., Kansas City, Kan. 


A GRANULOCYTIC angina was described by Schultz 1 in 1922, with the sug- 
. gestiou that an unknown chemical agent or microorganism might be the 
cause of the disease. Recent opinion points to an explanation involving the 
effects of chemical substances, represented by a number of drugs. 

During the past twelve years administration of the benzene, pyrazolone and 
barbituric acid derivatives has been associated with the occurrence of the disease 
in man. Suggestive results also have been reported with reference to the ex- 
perimental production of granulocytopenia in animals, by the use of amido- 
pyrine, benzene, and the barbiturates. 

The clinical evidence emphasizes amidopyrine as a possible etiologic factor 
in the production of agranulocytic angina. Amidopyrine is dimethyl-amino- 
phenyl-dimethyl-pyrazolone, a compound containing phenylhydrazine, imino 
groups, pyrazolone, and the benzene nucleus as potentially toxic fractions. 

C„H 5 

i 

/\ 

CH, — N CO 

1 I 

CH, — Cr=C — N — (OH.). 

Amidopyrine 

In the following experiments are reported the effects of amidopyrine 
barbital, amidopyrine and barbital, phenylhydrazine, and benzene on the cellular 
elements of the blood of normal dogs. Both the total cell count and differentials 
were done on venous blood. The results were checked by Miss Esther Rodewald 
technician in the hospital laboratory. 


RESULTS 

Experiment 1 . — Small doses of amidopyrine. 

Dog: Weight 10 kg. Total white count 13,000; with SO per cent neutrophilcs 16 ner 
cent lymphocytes, 2 per cent monocytes, 1 per cent basopliiles, and 1 per cent myelocytes 

.Tunc 18 : 0.3 gm. of amidopyrine, in water, was administered by stomach tube each dav 
for twenty-one days a total of 6.3 gm. The white count increased to a range of iROOO tn 
20,000; it remained elevated with no significant change in the differential. 5 ’ °° * 

•Inly O'. 3 gm. was introduced by stomach tube. 

.Tidy 10: 0.0 gm., in S per cent solution, was injected hypodermically. 

July 11. Dog died; 0.8 gm. of amidopyrine had keen nU-im , ‘ . , 
kilogram, in a period of twenty-three days. " 8 Cn ’ a,lout 1 g n >- for each 

• From «>•' Uvmrtment of Pharmacology. Unhcr-div or t- 

llooelvoj for publication, February ]3. i» 3s , ' Kansas. School of Medicine. 
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Necropsy: Sections of the bone marrow of the femur, humerus, and ribs, of the liver, 
kidney, and spleen were made. There was hyperplasia of the bone marrow, with no decrease 
in the myeloid elements; some fatty change in the liver; interstitial infdtration of mono- 
nuclear cells in the kidneys; congestion of the spleen, with increase of red cells in the sinusoids 
and prominence of the malpighian bodies. 

’Experiment II . — Large doses of amidopyrine. 

Dog: Weight 10 kg. Total white count 12,200; with SO per cent, neutrophiles, 12 per 
cent lymphocytes, 1 per cent eosinophiles, 1 per cent myelocytes. 

June IS: 1 gm. of amidopyrine, in water, was given by stomach tube each day for 
seven days, a total of 7 gm. 

June 25: 2 gm. were then given each day for nine days, a total of IS gm. 

July 3: 3 gm. were given each day for four days, a total of 12 gm. This represents 

37 gm. of amidopyrine, orally; or 3.7 gm. for each kilogram in a period of twenty-five days. 

July 7 : differential count : SO per cent neutrophiles, S per cent lymphocytes, 2 per 
cent bnsopliiles, 2 per cent myelocytes, 1 per cent eosinophiles, 1 per cent monocytes. There 
was a considerable number of normoblasts in the film. 

July S: S.3 gm. of amidopyrine, 5 per cent aqueous solution, in doses ranging from 
0.4 gm. to 1 gm. daily, were given intravenously, in a period of thirteen days. During this 
interval the total white count began at 12,000; dropped to G,(150 on the third and fifth days 
of injection; then gradually returned to 12,000 on the thirteenth day of injection. No im- 
portant change in the differential count was observed. 

There had been given 45.3 gm. of amidopyrine, or 4.53 gm. for each kilogram over a 
period of thirty-three days. 

Experiment III . — Sodium barbital. 

Dog: Weight 10.fi kg. Total white count 15,000; with SS per cent neutrophiles, 10 per 
cent lymphocytes, 2 per cent monocytes. 

June IS: 0.5 gm. of sodium barbital, in water, v, ns given by stomach tube each day 
for fifteen days, a total of 7.5 gm. 

July 3: 1 gm. was administered each day for five days, a total of 5 gm. This represents 

12.5 gm. of sodium barbital, or about 1.2 gm. for each kilogram, over a period of twenty 
days. 

The minimum total white count was 11,000 on July 7 ; with S3 per cent neutrophiles, 
10 per cent lymphocytes, 4 per cent myelocytes, 2 per cent basophiles. 

Experiment IV . — Amidopyrine and sodium barbital. 

Dog: Weight 9 kg. Total white count 12,000; with S3 per cent neutrophiles, 13 per 
cent lymphocytes, 2 per cent monocytes, and 2 per cent myelocytes. 

June 18: 0.3 gm. of amidopyrine and 0.5 gm. of sodium barhital, in water, were given 

by stomach tube each day for fifteen days; a total of 4.5 gm. of amidopyrine, and 7.5 gm- 
of sodium barbital. The white count increased to IS, 150; with no appreciable rise in neutro- 
philes. 

July 3: 1 gm. of amidopyrine and 0.5 gm. of sodium barbital were given each day 
for seven days, a total of 7 gm. of amidopyrine, and 3.5 gm. of sodium barbital. 

July 10: 3 gm. of amidopyrine and 1.5 gm. of sodium barbital were given each duj 

for seven days, a total of 21 gm. of amidopyrine and 10.5 gm. of sodium barbital. 

July IS: 0.5 gm. of amidopyrine, 5 per cent solution, was injected hypodermically. 

^Tuly 19: 0.5 gm. of amidopyrine, 5 per cent solution, was injected hypodermically. 

July 20: 1 gm. of amidopyrine, 5 per cent solution, was injected hypodermically. 

This represents 28.5 gm. of amidopyrine, 3.2 gm. for each kilogram; 21.5 gm. of sodium 
barbital, 2.4 gm. for each kilogram, in a period of thirty-two days. 

The total white count decreased gradually to 10,000; then returned to 13,000. There was 
no important change in the differential count. 

Experiment V- — Phenylhydrazine. 

Dog: Weight 1G.2 kg. Total white count 12,200; with S3 per cent neutrophiles, 14 per 
cent lymphocytes, 2 per cent myelocytes, 1 per cent basophiles. Red cell count 5,550,000, 
hemoglobin 84 per cent by the Haden-Hausser liemoglobinonieter. 
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June 18: 0.3 gm. of plicnylliydrazinc hydrochloride, in water, was given by stomach 

tube each day for four days, a total of 1.2 gm. or 74 mg. for each kilogram in a period of 
four days. 

June 21: Red cell count 4,190,000. 

June 25: Rod cell count 1,100,000; hemoglobin below 18 per cent. 

June 2G: A total white count made daily showed a gradual increase to 45,000; with 
91 per cent neutrophiles. 

July 3: The red cell count gradually increased to 4,930,000 and the total white count 
decreased to 12,000. 

At no time was the granulocyte count below the control level. 

Experiment VI. — Benzene. 

Dog: Weight 17 kg. Total white count 13,000; with 81 per cent neutrophiles, 15 per 
cent tymphocytes, 4 per cent myelocytes. Red cell count 5,000,000; hemoglobin 84 per cent. 

July 5: Benzene, 50 per cent in olive oil, was given in capsules in doses of 2 to 12 
c.c. each day for thirteen days, a total of 80 c.c. of benzene or 4.7 c.c. for each kilogram. 

July 13: White count 8,150; with G7 per cent neutrophiles, 24 per cent lymphocytes, 
4 per cent myelocytes, 3 per cent eosinophiles, 2 per cent monocytes. 

July 14: Red cell count 4,900,000. 

July 20: Total white count 13,000. 


DISCUSSION 


In this series of experiments, definite leucopenia was observed only in those 
dogs which received large doses of amidopyrine, or of benzene. Absence of 
significant changes in the granulocyte ratio in the differential count makes it 
impossible to state that a blood picture comparable to that of granulocytopenia 
was produced in normal dogs. Attempts to reproduce the disease experimentally 
by Madison and Squier , 2 Hoffman, Butt and Hickey , 3 and by Kracke 4 have been 
partially successful. 

The present experimental evidence and clinical observation on the relation 
of drugs to granulocytopenia require further theoretical analysis. This analysis 
must involve a discussion of the chemistry of amidopyrine and of the barbiturates 
in relation to their pharmacologic actions. 

Amidopyrine is dimcthyl-amino-phenyl-dimethyl-pyrazolone. Its synthetic 
precursor, antipyrine, is produced by the condensation of methyl-plienylhydrazine 
with aeetoacetic ester; to antipyrine a dimethyl-amino group is added. There 
are, therefore, three possible toxic fractions in amidopyrine : pyrazolone the 
nitrogen radicals, and methyl-plienylhydrazine. The benzene nucleus found in 
phenylhydrazine might also be considered injurious, but it should be emphasized 
that this nucleus is the phenyl group, which is unlike pure benzene * 


The action of pyrazolone on the cellular elements of the blood is not do 
scribed by Frankcl/' but Us close relation to pyrrole, a toxic substance may be 

significant. ’ 

Tertiary nitrogen, as found in amidopyrine, is the least toxic of the basic 
nitrogen radicals. It ,s potent, ally toxic in as much as reduction in the hX 
may produce a true >m„,o group. This group has been reported toxic b lit* 
but it is not necessarily toxic for myeloid elements. ™ • IIerz ’ 

Friinkcl 5 states, according to Joffo i 

the use of amidopyrine. ’ ' ’ * CI a TP° ars J, i the urine after 
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Its structure indicates a demetlivlation of all tlie methylated nitrogen groups. 
Since McGuigan 7 states that following the use of amidopyrine, rubazonic acid 
occurs in the urine after standing, and produces a red color due to oxidation, 


cji.-x x-cjr. 

/\ /\ 

X C=0 0=0 X 


C t L— C — C X =0 — C — 0 1 1. 

I 

If 

Rubazonic Aciil 


the formation of rubazonic acid in the body from amidopyrine is questionable. 
Amidopyrine is also excreted in the urine as a paired glycuronic acid, and as 
antipyril urea. 

In spite of the toxic capacity of the imino group as such, there still remains 
the more serious possibility of blood destruction by mcthyl-phcnylhydrazine as 
an hydrolytic cleavage product of amidopyrine. 

It is generally accepted that the erythrocyte and granulocyte arise from a 
common stem cell, the hemocvtoblast. In granulocytopenia there is anemia as 
well as leucopenia. In view of this fact, it would appear that the toxic action 
of phenylhydrazine, or an unrecognized modification, may in some people he 
extended to the stem cell or to an early form in the process of its maturation. 

The importance of the barbiturates, as slated by Watkins , 8 has not been 
explained. Herz has suggested that the toxicity of amidopyrine is based on the 
NH radical, and that the attached benzene ring is insufficient to neutralize its 
toxicity. Recognizing the superior toxicity of NH over tertiary nitrogen, the 
barbiturates should he more toxic than amidopyrine, since two NH groups 
are found in the barbiturate ring, whereas no incompletely substituted nitrogen 
atoms are present in amidopyrine. 


O H 


R C — X 

\ / \ 

c c=0 

/ \ / 

It C— X 

It f 

O H 
Barbiturate 


On the contrary, the prevalence of barbiturate medication as a hypothetical 
factor in the etiology of the disease is relatively slight in comparison with that of 
amidopyrine. 

Benjamin and Biederman 9 feel that the disease is probably due to a drug 
hypersensitivity, with the blood system acting as the seat of the shock. Pepper 1 
has also called attention to drug allergy in leucopenia. These hypotheses are 
supported by the fact that many drug hypersensitivities occur, in some of which 
the formed elements of the blood are affected. 

In agranulocytic angina the blood changes are the most important findings. 
It is logical, therefore, to assume that hypersensitivity may not be the only 
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factor, since it is known that amidopyrine and the shorter acting barbiturates 
are altered in the body. These drugs contain fractions which may exert a toxic 
action in the process of their alteration. 

It is apparent, then, that more than one type of reaction and numerous 
chemical substances could be involved in the etiology of agranulocytic angina. 
Experiments arc in progress in this department to determine the nature of this 
reaction and of these chemical substances, with special attention directed to the 
effect on myeloid maturation. 


SUMMARY 

1. A study has been made of the effects of amidopyrine, barbital, phenyl- 
hydrazine, and benzene on the blood count in a series of six dogs. 

2. A moderate leucopenia was observed in one animal which received amido- 
pyrine, and in one which received benzene. Anemia with leucocytosis was ob- 
served in the animal which received phenylhydrazine. Pathologic findings were 
not conclusive. 

3. It is suggested that in some people transformation products possessing 
toxic properties are formed; and that by virtue of individual hypersensitivity, 
these toxic properties result in arrested maturation of the myeloid elements. 

The author wishes to express his gratitude for the valuable aid and advice received from 
Dr. Robert M. Isenberger, Dr. J. C. Rice, and Miss Esther Rodewald. 


REFERENCES 

1. Schultz: Ueber eigenartige Halskrankungen, Deutsche med. Wchnsclir. 48: 1495 1922. 

2. Madison, F. XV., and Squier, T. L.: The Etiology of Primary Granulocytopenia (Agranulo- 

cytic Angina), J. A. M. A. 102: 755, 1934, 

3. Hoffman, A. F., Butt, C. N., and Hickey, N. G.: Neutropenia Following Amidopvrine 

Preliminary Report, J. A. M. A. 102: 1213, 1934. S uopyrrne, 

4. Kracke, R. R.: The Experimental Production of Agranulocytosis, Am. J. Clin. Path 2‘ 

llj 1932. 

5. Wankel, S.: Die Arzncimittel-Syntliese. 

G. Herz L F.: The Role of Amidopyrine in the Etiology of Granulocytopenia With Sneeiol 
Reference to Its Chemical Structure, J. Lab. & Cun. Med 20* 3° 19^4 Special 
7. McGuigan, H : An Introduction to Chemical Pharmacology, Philadelphia 1921 P 
Blakiston’s Son & Company. 1 ’ L 1 ■ 

S. Watkins, C. H.: The Possible Role of Barbiturates and Amidopvrine in >■ 

Leukopenic States Proceedings of the Staff Meetings of the Mayo Clinic 8- 713 iV/ 
9. Benjamin, J. E., and Biederman, J. B.: Agranulocytic leucopenia, J. A , M. A. 103: 161 ' 

10. Pepper, O. H. P.: Leucopenia, California & West. Med. 35; 173 ; 1931 



SELENIUM AS A CATALYST IN THE DETERMINATION OF 
NONPROTEIN NITROGEN IN BLOOD* 


Frederick Reis, M.D., .and Harry II. Powers, Ph.D., Boston, Mass. 


QELENIUM was first introduced as a catalyst in Kjeldahl digestions by M. F. 
^ Lauro, 1 and its use as such suggested to us the possibility of its being used 
in the determination of nonprotein nitrogen in blood filtrates, our aim being to 
develop a method of digestion as rapid and as convenient as the Folin-Wu 
method 2 but without the troublesome formation of a precipitate of silica, due to 
the action of the phosphoric acid of their digestion mixture on glass. While this 
precipitate may be avoided by a careful regulation of the flame, its occurrence 
is always possible, and when present, interferes with colorimetric readings un- 
less removed by centrifuging. 

As a result of several preliminary experiments, it was found that 45 per 
cent sulphuric acid containing a small amount of selenium could be substituted 
for the Folin-Wu digestion mixture with very little sacrifice of the length of 
digestion time, and with no formation of silica precipitates. Either selenium or 
selenious acid may be used. The best results were obtained with a solution of 
70 mg. selenium in 200 c.c. of 45 per cent sulphuric acid. 

The digestion is carried out in much the same way as the Folin-Wu method. 
In place of the charring seen in the latter method, a rust-colored precipitate 
of reduced selenium appears. This dissolves ns the heating is continued, the 
digest becoming practically colorless within thirty seconds to three minutes after 
the appearance of the fumes of sulphur dioxide. Five minutes of heating from 
the first appearance of the acid fumes is sufficient for the complete digestion 
of most urine samples, and for all blood filtrates unless these filtrates, through 
improper preparation, contain traces of protein. In such filtrates in the Folin- 
Wu method, the protein becomes charred and sticks to the side of the digestion 
tube so that it is not completely digested. In the selenium sulphuric acid method 
this trace of protein goes into solution, but is quite difficult to digest. Usually 
an additional five minutes’ heating completes the digestion in these cases, and 
if a slight brown color still persists after ten minutes’ digestion, it may be dis- 
regarded as it apparently does not affect the accuracy of the determination. 

Using the selenium sulphuric acid digestion method for the determination 
of total urinary nitrogen, analyses were done on urine and on known solutions 
of urea and uric acid. For the urine a value of 10.7 gm. nitrogen per liter was 
obtained as compared with 10.64 gm. with the Folin-Wu method. The urea 
solution gave a value of 3.35 mg. nitrogen per 100 c.e. as compared with tie 

•From the Department of Biological Chemistry, Tufts College Medical School. 
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calculated value of 3.5 mg. A lithium carbonate solution of uric acid on one 
analysis gave a value of 3.29 mg. nitrogen per. 100 c.c. and on a second analysis, 
3.33 mg. as compared with a calculated value of 3.33 mg. 


Table I 

Nonprotein Nitrogen or Blood Showing the Comparative Values Obtained by the Folin 
W o and Selenium Sulphuric Digestion Methods 


SAMPLE 

NONPROTEIN n, jig. per cent 

FOLIN- WU 

SELENIUM SULPHURIC 

1 

31.1 

31.1 

2 

35.9 

3G.4 

3 

32.4 

32.4 

4 

31.1 

31.1 

5 

34.5 

34.7 

6 

45.5 

45.8 

7 

39.4 

39.8 

8 

37.0 

36.9 

9 

45. G 

45.4 

10 

35.9 

35.7 

11 

38.7 

38.7 

12 

159.1 

157.8 

13 

27.7 

27.3 

14 

22.9 

24.3 

15 

32.2 

31.1 


Tungstic acid filtrates, especially those from unlaked blood, usually contain 
varying traces of unprecipitated tungstic acid. In the FolinAVu digestion the 
phosphoric acid keeps the tungstic acid in solution, hut in procedures not using 
phosphoric acid, it separates out and results in turbidity on nesslerization This 
turbidity may be prevented by the use of gum ghatti solution which was first 
introduced by Folin 3 in his ferricyanide sugar method and later used by several 
different authors in methods involving nesslerization. By the use of gum ghatti 
we have succeeded in nesslerizing solutions that were milky with precipitated 
tungstic acid, although in some cases the solution would have to stand' for 
several minutes before all of the tungstic acid would be dissolved by the alkali 
of the Nessler's. 

METHOD 


The method as outlined is for the determination of nonprotein mtm™ • 
the regular Folin-Wu filtrates. In the Polin-Svcdberg micromethod* in which 
the blood is unlaked, the selenium sulphuric acid solution describe h.U 
dieted 1 to 5 and used in place of the regular digestion mixture and 1 c 7 of 
gum ghatti solution is added prior to nesslerization. I n the V 

the total nitrogen of urine the only change from the Poll nation of 

substitution of the selenium sulphuric acid solution 11 ^ '° d 1S m the 

Solutions Required , — 

i. Standard —inn, sulphate solution eonloinin, 0.1 mg. , litro , 0 „ „„ 


c.c. 


2. Nessler’s reagent. 

3. Gum chatti solution. 

Directions for the preparation of the above 
Laboratory Manual of Biological Chemistry, Folin (1934) ”" ^ ^ f ° Und 
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4. Selenium sulphuric acid solution: Dissolve with heat 70 mg. selenium 
in 90 c.c. of sulphuric acid, cool and dilute to a volume of 200 c.c. with water. 
It may also be prepared by adding 5 c.c. of 2 per cent selenious acid to 200 c.c. 
of 45 per cent sulphuric acid. 

Determination . — Transfer 5 c.c. of the Folin-Wu filtrate corresponding to 
0.5 c.c. of whole blood to a Pyrex test tube graduated at 50 c.c. Add 1 c.c. of 
the selenium sulphuric acid solution and an antibump tube. Then adjust the 
flame of a microbumcr to a height of about one inch and clamp the Pyrex 
tube so that the bottom is about % hi eh above the top of the burner. This 
amount of flame will insure a rapid boiling away of the water and need not be 
changed during the course of the digestion. When the fumes of sulphur 
dioxide appear, cover the mouth of the tube with a watch glass and continue 
the heating for five minutes, or ten minutes, if necessary. Allow to cool thor- 
oughly and add about 25 c.c. of water. 

Now place 1.5 c.c. of the standard ammonium sulphate solution containing 

0. 15. mg. nitrogen in a similar test tube, add 1 c.c. of the selenium sulphuric acid 
solution and about 25 c.c. of water. Then add 2 c.c. of gum ghatti solution 
to each, mix slightly by twirling the tubes, add 15 c.c. of Ncsslcr’s solution to 
each, dilute to the 50 c.c. mark and mix. Note: We have found it best to 
complete the nesslerization and mixing of each tube separately, for if a tube is 
left even a short time without mixing, the localized concentration of the alkaline 
Nessler’s solution may be sufficient to start the development of turbidity. 

The solutions are allowed to stand for about five minutes and then com- 
pared in the colorimeter. The calculation is the some as in the regular method : 
20 

— ^ r x 30 equals mu. nitrouen per 100 c.c. of blood where 

reading of the unknown 

the standard is set at 20 mm. 

Table I shows the comparative results obtained by the Folin-Wu and the 
selenium sulphuric acid methods. In Samples 13, 14, and 15, the Folin-Sved- 
berg method and its selenium sulphuric acid modification were used. The 
figures given represent the average of two determinations. 
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TISSUE: Preparation of Neurologic Material for Histologic Study, Kemohan, J. W. Am. 
J. Clin. Path. 4: 410, 1034. 


Method 1 . — Fat staining method: 

The methods following have been found very satisfactory. 

1. Fix tissue in formol solution, freeze and section, 10 to 20 microns. 

2. Wash sections in 70 per cent alcohol for one minute. 

3. Stain for five minutes in fat stain, made as follows: 

Sharlach R, 1 gm. (Sudan TV may also be used) 

Absolute alcohol, 70 c.c. 

Distilled water, 30 c.c. 

(Heat this mixture just a little, and shake while heating. Then add 100 c.c. acetone and 
put in a 37° C. oven overnight. Always filter stain before using.) 

4. Wash in 70 per cent alcohol quickly. 

5. Stain in hematoxylin (Harris) for five minutes. 

6. Wash in tap water. 

7. Dip in (1 per cent) acid (70 per cent) alcohol about two seconds. 

8. Wash in tap water ten minutes or longer. 

9. Wash in lithium carbonate (saturated aqueous solution) about two seconds. 

10. Wash in tap water and mount with glycerin. 


Method 2 . — Perdrau impregnation method: 

1. Paraffin sections run down to water in usual way. 

2. Place for twenty to thirty minutes in 0.25 per cent solution of potassium per- 
manganate. 

3. Wash in water. 

4. Place in solution of equal parts of 1 per cent oxalic acid and 1 per cent potassium 
sulphite, or 5 per cent oxalic acid, until color is gone. 

5. Wash for a half to one hour in tap water until all ' acid is washed out (limit the 
length of time in case the sections come loose). 

6. Place sections in a 20 per cent solution of silver nitrate for half an hour 

7. Wash quickly in double-distilled water. 

8. Place sections in the following solution: 


Silver nitrate (20 per cent) solution, 5 c.c. 

Sodium hydroxide, G drops. 

(Add ammonium hydrate drop by drop until the precipitate is almost desW„,i 
distilled water up to 50 c.c. and filter. Leave sections in this solution for half an hnu \ 

9. Wash in double-distilled water. T 'I 

10. Fix in 10 per cent formol solution (neutral). 

11. Wash in double-distilled water. 

12. Tone in gold chloride solution 1:500. 

13. Fix in sodium hyposulphite. 

14. Wash in tap water, dehydrate, clear, and mount. 


Add 


Method S. Toluidinc blue, or tl.ionin, staining method: 

1. Run sections down to water. 

2. Place sections in tolunline blue or thionin * f . lin fnr ,,, 

stain before using for thirty minutes) : 3 ; r l0 0 solut'io,, \ f ° t ' vent - v mi ™tes (heat 

500 c.c. water. 1 pm* toluidine blue or thionm to 
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3. Wash in two changes of 93 per cent alcohol (color comes out rapidly). 

4. Place in absolute alcohol and watch under microscope until differentiation is com- 
plete. 

5. Clear in xylol, thoroughly, and mount with Canada balsam. 

Method 4 . — Modified Bielsehowsky impregnation method; 

1. Fix tissue in solution of formol, 10 per cent. 

2. Embed section in paraffin and cut at 10 microns. 

3. Deparafilnize. 

4. Wash three times in double-distilled water. 

5. Place in 20 per cent solution of silver nitrate for one hour. 

C. Wash quickly (twice) in double-distilled water. 

7. Transfer sections into ammoniated solution of silver nitrate for five minutes: To 
40 c.c. of 20 per cent silver nitrate solution add nminonium hydrate drop by drop until 
precipitate is dissolved. An excess of ammonium hydrate is noxious. Make a fresh solution 
each time it is to be used. Filter before using. 

S. Wash quickly in double-distilled water. 

9. Transfer sections into 10 per cent solution of formol (neutral) for one minute. 

10. Wash, tone in gold chloride (brown) solution (a), fix in sodium hyposulphite 
solution (1») one or two minutes, clear (c), and mount (d): 

(a) Gold chloride, 1 gm. 

Water, 500 c.c. (can be kept as stock solution). 

(b) Sodium hyposulphite, 5 gm. 

Water, 100 c.c. 

(c) 95 per cent alcohol. 

Acetone. 

Carbo-xylol. 

Xylol. 

(d) With Canada balsam. 

Method 5 . — Mnllory-IIeidenlmin’s staining method: 

1. As a fixative, use formol or Zenker’s solution, or Wcigcrt’s mordants. Cut paraffin 
sections at 5 microns. 

2. Stain forty minutes in: 

Azo-carmine (Grubler’s), 1 gm. 

Water, 100 c.c. 

(Heat, cool, and filter at room temperature and add 1 c.c. of glacial acetic acid 
before using.) 

3. Wash in water. 

4. Differentiate in aniline alcohol (watch under microscope) until nuclei are red and 
cytoplasm is pale pink. This step requires from three to ten minutes depending on t hickness 
of sections. 

5. Kemove aniline alcohol with acid alcohol (1 per cent) a half to one minute. 

6. Wash quickly in water. 

7. Place in 5 per cent phospliotungstic acid for three hours. 

8. Wash quickly in water. 

9. Stain one-fourtli to one-half hour in Mallory’s aniline blue made ns follows: 

Aniline blue, 0.5 gm. 

Orange G, 2 gm. 

Water, 100 c.c. 

Acetic acid, S c.c. 

(Boil, cool, filter, and thin with equal parts of water before using.) 

10. Wash quickly in water. 

11. Differentiate in absolute alcohol. 

12. Clear in carbo-xylol and xylol. 

13. Mount with Canada balsam. 
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Method G. — Mallory’s phosphotungstic acid-hematoxylin staining method: 

1. Fix in Zenker’s solution for twenty-four hours. 

2. Place in running water for twenty-four hours. 

3. Embed in paraffin. 

4. Section and deparaffinize. 

5. Place in potassium permanganate for from five to twenty minutes (make a fresh 0.25 
per cent aqueous solution each time). 

G. Wash well in water. 

7. Place in oxalic acid (5 per cent aqueous solution) for from five to ten minutes. 

8. Wash thoroughly in several changes of water. - 

9. Stain with Mallory’s phosphotungstic acid-hematoxylin stain three to twelve hours. 
This stain is made as follows: 

Ammonia hematin, 0.1 gm. 

Water, 100 c.c. 

• Phosphotungstic acid crystals (Merck), 2 gm. 

(Dissolve the ammonia hematin in a little water, with the aid of heat, and add it when 
cool to the rest of the solution; no preservative is required. If the solution stains weakly at 
first, it may be ripened by the addition of 5 c.c. of a 0.25 per cent aqueous solution of 
potassium permanganate, or it may be allowed to stand for a few weeks until it ripens 
spontaneously. Hematoxylin may be used instead of ammonia hematin, but requires 10 c.c. 
of the permanganate solution to ripen it.) 

10. Place sections in 95 per cent alcohol, then in absolute alcohol, and clear in xylol. 

11. Mount with Canada balsam. 


Method 7. — Weigert’s mordant I: 

Potassium bichromate, 5 gm 
Fluoroclirome, 2 gm. 

Water, 100 c.c. 

(Fix tissue in mordant I for from four to five days, for small and thin sec- 
tions, two days.) 


Method 8. — Weigert’s mordant II: 

Acetate of copper, 5 gm. 

Fluoroclirome, 2.5 gm. 

Acetic acid (3G per cent), 5 c.c. 

Water, 100 c.c. 

Formol, 10 c.c. 

(Fix tissue in mordant II for from twenty-four to forty-eight hours ) 


Method 9. — Weigert’s myelin-sheath staining method: 

1. Wash tissue, which has been fixed in 10 per cent solution of formol, in water for 
short time. 

2. Fix in primary mordant four to five days (for small and thin sections two davsl 

3. Wash in water one hour. ’ •' ' ' 

Fix in secondary mordant twenty-four to forty-eight hours 
Wash well in water one to two hours. 

Embed sections and deparaffinize. 

Stain two hours in a solution made as follows- 

10 c.c, of a 10 per cent solution of l\oimt n rvl:« v , „ . 

Saturated solution of lithium carbonate few (Irons ’ SS ° V ° l1 1D ribsolute a] cohol. 
Distilled water, 00 c.c. ’ P 

(Make this solution fresh each time.! 

S. Wash in tap water. 

0. To differentiate, place in a solution of: 

Borax, 2 gm. 


4. 


G. 

7. 


Potassium ferricyanide, 2.5 gm. 
Water, 100 c.c. 
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10. Wash thoroughly in running water. 

11. Dehydrate in 80 per cent and in OG per cent alcohol. 

12. Clear in acetone, cnrbo-xvlol, and xylol. 

13. Mount, with Canada balsam. 

(A stock solution of 10 per cent solution of hematoxylin in absolute alcohol should be 
kept on hand. At least ten days’ exposure to sunlight is required to ripen this solution. Com- 
bine it with a few drops of saturated aqueous solution of lithium carbonate at the time of 
using.) 

Method 10. — Cajal’s gold chloride and sublimate method: 

1. Place small portions of fresh tissue in the following solution for two to ten days 
(the tissue may have previously been fixed in formal solution a very short time): 

Formol, neutral, 15 c.e. 

Ammonium bromide, 1.5 to 2 gm. 

Distilled wafer, 85 c.c. 

(Tissue should not remain more than ten days in this solution, seven days is 
best.) 

2. Cut sections on freezing microtome (20 to 25 microns) nnd place in G per cent 
neutral formol solution. 

3. Wash a few moments in distilled water. 

4. Place in following solution for six to ten hours and keep in the dark: 

Gold chloride (1 per cent), 10 c.c. 

Mercuric chloride, 0.5 gm. (10 c.c. of a 5 per cent solution). 

Distilled water, GO c.c. 

(Dissolve the mercuric chloride bv beat in nearly all water called for in the 
formula, filter, and add to the gold chloride. The best temperature is 18 
to 20° C. At this temperature, four to six hours is the best. If tempera- 
ture is 14 to 17° C„ the time should he much longer. If temperature is 
higher, the time should only be two to tbreo hours.) 

5. After four or more hours, when sections are intense purple, fix for from six to ten 
minutes in the following solution: 

Sodium hyposulphite, 5 c.c. 

Alcohol (25 per cent), 30 c.c. 

Distilled water, 70 c.c. 

Saturated solution bisulphite of soda, 5 c.c. 

6. Wash in 50 per cent alcohol. 

7. Place on slide, blot carefully, then dehydrate on slide with 70 per cent, and 35 P er 
cent, and absolute alcohol; then clear in xylol. 

8. Mount in Canada balsam. 

(Blot carefully after each of above steps. Oil of origanum may be used in place of 
absolute alcohol.) 

Method 11. — Hortega silver carbonate impregnation method for oligodendroglia and 
microglia: 

1. Fix tissue in formol-ammonium bromide solution (same as for Cajal’s stain) and cut 
frozen sections. 

2. Wash in two dishes of distilled water, the first containing 10 drops of ammonia. 

3. Stain in undiluted silver carbonate for from one minute to one nnd a half hours. 
Del Rio Hortega 's undiluted ammoniacal silver carbonate is prepared as follows: 

Solution of silver nitrate (Merck) 10 per cent, 5 c.c. 

Solution of sodium carbonate (pure) 5 per cent, 20 c.c. 

Ammonius hydroxide, sufficient to dissolve precipitate. . . 

(The ammonium hydroxide should be added drop by drop until the precip 
is just dissolved, stirring the solution all the while.) Finally, _ * er 0 
solution and place in a dark bottle, where it will keep for long P crl s ' 
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4. Wash rapidly in GO per cent alcohol (made by using absolute alcohol). The sections 
should be carried through with a small angulated glass rod so as to allow all of it to be 
washed equally without wasting time. If the section is wrinkled or folded, the alcohol will 
produce a patchy result. 

5. Reduce by passing sections directly in 1 per cent formol solution. 

0. Wash in distilled water. 

7. Tone by placing sections in a gold chloride bath ten to fifteen minutes until they 
become purple gray. 

Gold chloride (yellow), 1 gm. 

Distilled water, 500 c.c. 

8.. Fix in a 5 per cent solution of sodium hyposulphite for half a minute or more until 
sections are flexible. 

9. Wash in water. 

10. Dehydrate in dishes of graded alcohol and clear in carbo-xylol and xylol. 

11. Mount with Canada balsam. 


UVER FUNCTION, In Pregnancy, The Bilirubin Excretion Test In, Sullivan, C. F., Tew, 

W. P., and Watson, E. M. Brit. .7. Obst. & Gvnec. 41: 347, 1934. 

t 

The investigation of liver function by means of the bilirubin excretion test of von 
Bergmann in pregnancy and its complications, as described in this paper, permits the follow- 
ing inferences: 

1. During the first half of normal pregnancy the liver function, as determined by the 
bilirubin excretion test, is unimpaired, but during the second half of normal pregnancy, 
evidence of disturbed function can be demonstrated in at least 30 per cent of cases. 

2. The cause of the impaired excretory power of the liver during the later stages of 
normal pregnancy is undetermined, but the fact of its existence renders the interpretation of 
hepatic efficiency tests in abnormal cases difficult. 

3. Toxic -patients, with signs of renal insufficiency, tend to show less retention of injected 
bilirubin than those with normal kidney functions. Thus, to some extent at least, it is possible 
to differentiate the toxemias of pregnancy into nephritic and hepatic types. So far as the 
bilirubin excretion test is concerned, there is not sufficient difference between the findings 
in toxic patients and the results obtained in. normal women during the later months of nree- 
nancy to be of practical significance. In certain instances, however, especially during the 
early stages of pregnancy or in cases of extreme toxemia, the test may supply information of 
clinical importance. 

4. That the impairment of liver function which occurs during pregnancy, both normal 

and abnormal, is of a temporary nature is indicated by the tendency for the results of th 
bilirubin excretion test to return to normal following termination of the pregnancy 6 

5. Owing to its limited usefulness and the technical difficulties involved the mis 
excretion test is unlikely to become popular as a routine procedure in the practice of 
obstetrics. 

The test procedure is as follows: 

An amount of bilirubin equivalent to 1 me. per kiWr-i™ , i . , . 

15 c.c. of 0.1 M. solution of sodium carbonate, previously boiled / W f ght 18 dissolve<1 in 
After the pigment lias dissolved completely the solution havine funhe C ° 0l< f i° ab ° Ut 8 °° 
temperature, is transferred to a 20 c.c. syringe and iniceted 1 ^ * C °° led nearl >' to body 

Untoward effects of any kind have not been observed t n r n S . ° W f ! nt .° a . vein at t]le elbow, 
are obtained immediately before the injection and four n -° T’’ m ^ ectlon - Blood samples 

to», «£«™n. th* “'"I »»»•»», e™ h„»„, Ld 

potassium oxalatu, are centrifuged at once and kem f . centrifuge tubes containing 

has been made. ,n a refrigerator until the final collection 

Tho concentration of bilirubin in each «ar 

method of Ernst and Foster which procedure bl °° d plasma is es ‘™ated bv the 

precipitation of the plasma proteins and the crtnKMicm'o'f ° f ^ 

°f the bilirubin with acetone. For this 
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purpose 2 c.c. of acetone are added to 1 c.c. of plasma in a centrifuge tube. After shaking 
the plasma and acetone mixture, the precipitate is removed by centrifugalization and the 
supernatant liquid which contains the pigment, is filtered directly into a microcolorimcter cup 
through a No. 40 "Whitman filter paper and compared with a standard composed of 1 in 0,000 
potassium dichromate. It was found that clearer filtrates could be obtained if the centrifuge 
tubes, following the removal of the protein, were stoppered and chilled by immersion in a 
water-bath containing lumps of ice for live minutes before filtration. The acetone solutions 
must be protected from the light previous to making the color comparisons. 

It is true that this method of estimation includes not only the bilirubin but other 
pigments such as carotin and lipochromes should these be present in the plasma, but in the 
cases reported in this paper, any effect produced by such substances was minimized by carry- 
ing out the tests with the patients in the fasting stato. Moreover, assuming any error due 
to the presence of these nonbiliary pigments to be constant throughout the period of t he 
test, their influence is removed completely by subtracting the result obtained in the preliminary 
control sample from the values found in the subsequent ones. Hence the bilirubin content of 
the specimen secured four minutes after the injection of the bilirubin minus that of the 
control sample is regarded as representing the maximum increment caused by the added pig- 
ment and is consequently recorded as 100 per cent. With this value as a basis, the findings 
for the other samples are expressed accordingly. While the results so obtained represent the 
relative rather than the absolute bilirubin concentrations, they do provide a representation of 
the completeness of elimination of the injected bilirubin in a specified time. 

BLOOD SEDIMENTATION, Meteorologic Effects On, Hoverson, E. T., and Petersen, W. F. 

Am. J. M. Sc. 188: 455, 1934. 

There occur wide daily variations in the erythrocyte sedimentation rate, and at times 
the daily variation is as much as 100 per cent. 

In general paresis, the rate of settling is slower than in “normal" individuals. 

There is a correlation between the daily variations of the sedimentation time and the 
meteorologic changes. 

It is believed that these meteorologic changes account for daily variations in the rate 
of settling. 

PERIARTERITIS NODOSA, Associated With. Rheumatic Heart Disease, Priedberg, C. K., 

and Gross, L. Arch. Int. Med. 54: 172, 1934. 

Four cases that came to autopsy arc presented, in which widespread periarteritis nodosa 
was associated with rheumatic fever and rheumatic heart disease; the latter was confirmed by 
the presence of Aschoff bodies in the myocardium. 

These four were discovered in a series of eight cases of periarteritis nodosa which came 
to autopsy in the course of two years. Prior to this period there were five additional cases 
which came to autopsy. Two of the five patients had a rheumatic history and evidence of 
rheumatic valvular disease. Verrucous endocarditis was disclosed in both cases at postmortem 
examination. 

Criteria for the diagnosis of rheumatic infection and of periarteritis nodosa are dis- 
cussed. On the basis of these criteria, none of the cases of periarteritis reported in the 
literature presented adequate evidence of rheumatic heart disease. Conversely, none of the 
vascular lesions described in rheumatic fever could be truly called periarteritis nodosa. 

Because of the frequency of the association of these diseases in our cases and the simul 
taneous occurrence of the symptoms of each, we believe it probable that rheumatic fever is a 
common cause of the vascular lesions termed periarteritis nodosa. 

In two of the cases an attack of scarlet fever occurred eight weeks before the symptoms 
of the other ailments became manifest. This point is briefly discussed. 

In another case there was clinical and pathologic evidence of malignant sclerosis. 
is mentioned in connection with Fahr’s belief that rheumatic fever is one of the causes 
malignant sclerosis. 
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In two of the eases the abdominal symptoms, so common in periarteritis nodosa, dominated 
the clinical picture sufficiently to lead to an exploratory operation. The authors suggest that 
when acute abdominal symptoms arc present in a patient suffering from rheumatic fever, com- 
plicating periarteritis nodosa should be considered. This complication is offered as an organic 
basis for some of the instances of so-called abdominal rheumatism. 


HOOKWORM, Comparison of Efficiency of Stoll Egg-Counting Technic With Simple Smear 
Method in Diagnosis of, Keller, A. E. Am. J. Hvg. 20: 307, 1034. 

In order to compare the efficiency of tlio Stoll egg-counting technic with the simple 
smear method in the diagnosis of hookworm, 2,412 specimens of feces were examined accord- 
ing to the following plan: Each specimen was examined one time by the dilution egg-counting 
technic and the simple smear method. The specimens which were positive by egg count but 
negative by smear or positive by smear and negative by egg count were reexamined by the 
method which failed to reveal hookworm eggs on the first examination. 

On one examination 42.2 per cent of the specimens were positive by the egg-counting 
technic and 35.1 per cent were positive by the smear method. Forty-five additional positive 
specimens were found by the egg-counting examination which increased the total positive bv 
egg count to 44 per cent. One hundred four additional positive specimens were found by the 
smear examination, increasing the total positives to 39.4 per cent. 

In this series of examinations 7.1 per cent more specimens were found positive by one 
egg count than by one smear examination and 4.6 per cent after reexamination of the negatives 
which were not diagnosed by the first smear examination. 

The greatest discrepancy between the two methods occurred in the lowest intensity 
groups where from 57.8 to 68 per cent of the positive specimens by egg count were positive 
by the smear method. When the intensity of infestation reached 2,000 eggs per gram of 
feces 95.1 per cent of all the specimens found positive by egg count were positive by 
smear. All of the specimens in the intensity group containing 5,000 eggs or more per gram 
of feces were positive by smear. b 

It was found for this series that the lowest level of intensity of infestation at which 
the smear, for practical purposes, would be of value in the diagnosis of hookworm infestation 
would be 1,200 eggs per gram of feces rather than 500 eggs per gram as has been determined 
by other investigators. 

The positive specimens missed by two egg counts were as a rule light infestations (An 
worms or less) but an occasional high count would be missed by this technic 

A correlation of the relative number of eggs per smear with the intensity of infestation 
as found by the egg-counting technic was made of 931 specimens In the 
containing from one to five hookworm eggs per slide there was an average counter ,2 
eggs per gram (approximately 65 worms). In the smear group containing from « * « 

eggs per slide the average intensity of infestation was 4,190 eggs ner 

ICO worms) and in the group containing from 26 to 40 eggs per slide vL ^ IT roxira ately 
the average count was 12,325 eggs per gram (approximately 492 worms) m meth ° d 

41 or more eggs per slide by smear examination the average egn enm,t • olT. t lCre "' ere 
gram (approximately 924 worms). ^ as 3,100 eggs per 

These results suggest that it may be possible to correlate tlm „ 
eggs found per smear with the intensity of infestation as fm.ed v ““I.,* 1 . ° f llook ' vorm 
examination. ^ e dilution egg count 

Tl.esc data show that the dilution egg-counting technic is me, 
smear method for tin's scries of examinations and that the It C . accurate than the 
have been conducted in which the Stoll egg-counting technic lml i 3 ° f investi g ati °os which 
when compared with the results obtained by the cvunbmt* ^ emplo - vcd arc dependable 
method. 5 examination of specimens by the smear 


PNEUMOCONIOSIS, Pathology 0 f: Review, T.H.B \m J y r 

From the data assembled and discussed 
ing conclusions are drawn: 


m this rather comprehensive 


Sc. 188: 41S, 1934. 


e review the follow- 
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There is no conclusive evidence to show that silica lias a specific action on the tissues. 

Certain of the silicates and perhaps other substances may produce similar if not 
identical effects. 

Infection, and especially tuberculous infection, is a more serious factor in the develop- 
ment of the disabling pneumoconioses than dust per sc. 

Dust modifies pulmonary tuberculosis in a twofold manner •, it increases the fibrous 
response, thus promoting chronicity, and at the same time it increases the tendency of the 
infection to spread. 

The so-called ''silicotic nodule” has probably never been reproduced experimentally 
except by the synchronous inoculation of tubercle bacilli with dust. 

The "silicotic nodule” is probably always a tuberculous lesion, modified by dust. 

Chemical assay of suspected tissues is open to the criticism that it does not reveal 
the proportion of silica to silicates. 

There is probably no such thing as acute silicosis. 

Evidence regarding the action of coal dust on the tissues and its influence on tubercu- 
lous infection is conflicting. 

TRICHINOSIS, Anomalous and Nonspecific Reactions With T. Spiralis Antigen in Relation 

to Other Disease Conditions, Bachman, G. W., Molina, R. R., and Gonzalez, J. 0. Am. 

J. Hyg. 20: 415, 1934. 

The fact that human triehiniasis has not been found in Porto Rica enabled the 
authors to study the specificity of the precipitation test in relation to other disease conditions 
existing in the Island. 

Anomalous and nonspecific precipitation reactions were studied in serums from S57 ap- 
parently tricliincUa-free individuals living in Porto Rica. These individuals were classified 
into C groups: A, B, C, D, E and F, with relation to the various disease conditions affecting 
them at the time the test was made. 

From these G groups S57 scrums were tested, of which 33 (or 4.S per cent) gave an 
anomalous type of reaction, 72 (or S.4 per cent) gave nonspecific precipitation reactions, and 
750 (or 87.5 per cent) gave negative reactions. 

Group A: In 98 individuals who gave a positive Wassermann and Kalin reaction, 2.0 
per cent gave anomalous types of reaction, and 8.1 per cent gave nonspecific precipitation 
reactions. In 573 individuals, negative for Wassermann and Kahn, 0.34 per cent gave 
anomalous reactions, 4.7 per cent gave nonspecific reactions, and 94.0 per cent were negative. 

Group B: In 39 individuals of SI malaria cases (positive laboratory diagnosis), all of 
whom had received quinine, 7.G9 per cent gave anomalous reactions, 12.9 per cent, non- 
specific reactions, and 79.48 per cent, negative reactions. Of the remaining 42 individuals 
who did not take quinine, 9.52 per cent gave anomalous reactions. 2G.19 per cent gave 
nonspecific reactions and 64.28 per cent gave negative reactions. The results obtained m 
this group seem to indicate that a positive or negative history of quininization previous to 
the precipitation tests had no effect on the number of anomalous reactions. 

Group C: In 42 individuals clinically diagnosed as malarial cases, 2.38 per cent g-' 1 ' e 
anomalous reactions, 2.3S per cent, nonspecific, and 95.2 per cent, negative. In this group the 
lowest percentage (2.3S per cent) of nonspecific reactions was found for all the groups. 

Group D: In serums from 1G9 individuals harboring one or more intestinal nematodes, 
onlv one case that harbored Neeator americauus gave an anomalous reaction and one non 
specific reaction. None of the cases harboring Ascaris or tricliuris gave either anomalous 
or nonspecific precipitation reaction. 

Group E: In the serums from 154 hospitalized cases suffering from one or more disease 
conditions, there were no anomalous reactions. Fourteen (9.09 per cent) gave nonspeci i 
reactions, and 140 (90.9 per cent), negative. 

Group F: In the serums from 7 individuals who showed nitrogen retention, rncreas 
■cholesterol and chlorides in their blood, two anomalous reactions occurred. In this 
group 71-4 per cent gave nonspecific precipitation reactions, the highest observed in ie 

6 groups. 
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Of the 857 serums studied from the above groups, the titers varied from 1:100 to 
1:3,000. In the precipitation test of tlie various groups, 18.00 per cent gave a titer of 
1:1.00; 19.1 per cent, 1:200; 41.0 per cent, 1:500; 11.9 per cent, 1:1,000; 4.0 per cent, 
1:1,500; 2.S per cent, 1:2,000; 2.0S per cent, 1:3,000. 

IV e may deduce from these investigations that the precipitation test for the diagnosis 
of human trichiniasis does possess a fairly high specificity in relation to other disease 
conditions. It is the experience of the authors that the presence of the anomalous reactions 
can he easily differentiated from the true, positive precipitation rings. According to the 
results of the authors, nonspecific precipitation reactions occur in low dilutions at the inter- 
phase of the serum and test antigen, and give rings similar to a true precipitation ring in 
Wassermann and Kahn reactions and parasitic infestations (Group E) as well as in conditions 
where there is nitrogen retention and increased cholesterol and chlorides in the blood. 

A titer of 2,500 and above in terms of dry weight of powder can, according to the 
experience of the authors, be termed specific for trichiniasis in 90 per cent of cases. 


Erratum 

In the article by William P. Belk in the July issue of The Journal of Laboratory and 
Clinical Medicine, page 1035, the author’s name and title should read: 

William P. Belk, M.D., Ardmore, Pa. 

Instructor in Clinical Biochemistry, Graduate School of Medicine, University of Pennsylvania. 
The following bibliography is added: 
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EDITORIAL 


Vaccination Agninst Acute Anterior Poliomyelitis 

T HAT monkeys can be successfully vaccinated against acute anterior polio- 
myelitis by subcutaneous and intra cutaneous injections of the virus has 
been amply demonstrated, 1 but the method lias been considered too risky for 
the immunization of human beings. 

Kolmer and Rule , 2 however, have found that monkeys can be safely and 
very effectively vaccinated with virus slightly attenuated by sodium ricino- 
leate. Subcutaneous injections of amounts as high as 0.05 to 1 e.c. per kg- 
of a vaccine of 4 per cent suspensions of monkey spinal cord virus in 1 P ei 
cent solutions of this agent for as many as ten consecutive injections, have 
produced no evidence of infection while immunizing the animals to nffia- 
cerebral injections of ten or more infective doses of highly virulent viuis. 
Furthermore, the immunity lias been found to endure for at least three 3 ears. 
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Following Hie experiments (lieso investigators took three subcutaneous 
injections of the vaccine with no ill effects and subsequently administered, it 
to a group of twenty-five children varying in age from eight months to fifteen 
years by subcutaneous injection at weekly intervals for 2 to 3 doses.® Onlj' 
slight reactions occurred at the sites of inoculation with no ill effects and with 
the production of antiviral antibody in the blood of about 85 per cent believed 
to be sufficient for affording protection against the disease. 

Since then over 5,000 children have been immunized in different parts of 
the country* but especially in North Carolina, Virginia, Tennessee and neigh- 
boring states where an epidemic began in June. Only slight local reactions 
have occurred at the sites of injection although a very careful aseptic teclmic 
must be observed in its administration because of the low bacteriostatic and 
bactericidal effects of sodium riemoleate. An occasional severe local reaction 
has been found due to accidental bacterial contamination of the vaccine, al- 
though 1:60,000 phenyl mercuric nitrate is now being added which has been 
found sufficient for bacteriostatic effects arid without appreciable reduction in 
the immunizing properties of the vaccine. 4 

It would appear therefore that this vaccine of living attenuated virus has 
been proved safe for tlie immunization of human beings. Furthermore, the 
brain and spinal cord of every monkey removed at autopsy are being tested for 
the possible presence of the virus of lymphocytic choriomeningitis of Arm- 
strong and Lillie 0 by intracerebral injection into mice and guinea pigs before 
the cord is used in the preparation of the vaccine, but so far tests with a large 
number of monkeys have not shown the presence of this virus. 4 It is believed 
by Kolmer and bis associates that the safety of the vaccine may depend upon 
the possibility and probability that the remote monkey passage virus employed 
in its preparation has lost infectivity for human beings. Furthermore the 
subcutaneous route of administration, a small first dose, and the rapidity of 
antibody production are believed to be additional factors of safety. While 
attenuation of the virus by sodium riemoleate may be an additional factor of 
safety, yet the degree of attenuation is so slight as to be a factor of much 
lesser importance. 


Whether or not the effectiveness of the vaccine in the prevention of in- 
fantile paralysis will be as definitely shown as has its safetv remains to be 
determined. But tlie fact that it has proved highly effective in the protection 
of monkeys and that the antibody it has engendered has neutralized human 
virus from the California epidemic® appears to indicate that it will 
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cutaneous and intracutaneous injection produced antibody lasting for about five 
months in the blood of about 85 per cent of children. This vaccine lias 
been used to some extent in the California epidemic and is also being tried in 
the North Carolina, epidemic at the present time. As stated by Andrewes, 0 
however, it would appear definitely established that vaccines of dead viruses 
arc enormously weaker than living and attenuated viruses because the former 
contain but small amounts of antigenic virus protein, while the virus in the 
latter after injection can multiply, perhaps, a million fold in the body and 
thereby have a far better chance of producing resistance. 

If, therefore, the Kolmer vaccine is proved completely safe, as appears to 
be the case, it may prove to be the more effective and capable of engender- 
ing a greater degree of immunity of longer duration. At any rate both 
vaccines are now being given a thorough trial in the North Carolina epidemic 
and the results will be awaited with a great deal of interest. And, while the 
attack i - ate of the disease is normally low, yet this is so much increased during 
epidemics that it is greatly hoped that one or both of these vaccines will prove 
effective in protecting children over the age of greatest susceptibility until the 
natural immunity occurring in about SO per cent of adults has been acquired. 
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A Study of Their Functions in Wound Healing 


Frederick C. Messer, B.S., and Robert II. McClellan, M.D., Pittsburgh, Pa. 


INTRODUCTION 


THE value of blowfly larvae in the treatment of chronic osteomyelitis and of 
* other infected wounds is becoming more widely appreciated, and surgeons 
are using them with increasingly greater confidence.’ 2 Little has been learned 
however, as to the specific ways in which they influence wound healin'* or the 
means by which they are able to exert sucii influence. Those who liavchad op 
portunity of observing larval therapy agree in general that when placed m in" 
feeted wounds, maggots decrease the bacterial population, remove necrotic tissue 
and stimulate healing. There is unfortunately little exact data to prove causal’ 
connection between the presence of maggots and any of the above effects 
objective evidence exists to support the first, but the latter two arc founded on 
clinical observation. In the last analysis, they must remain a matter 
until controlled experimental data support them ° °P mi on 

Bince observations on the healin'* of cimU.-u „ i 
lesions, arc difficult to control, it would seem mn..’ ^ - C ' en ° f ex P er ™cntal 
phases of the physiology of blowfly maggots j u ^ Stlldy . cerla5n 
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THE SOURCE OF pH CHANCES IN OSTEOMYELITIS WOUNDS TREATED WITH 

BLOWFLY MAGGOTS 

Baer 1 made the striking observation that wounds treated with maggots be- 
came sufficiently alkaline to turn red litmus blue. Litmus is completely trans- 
formed to its blue alkaline modification at about pH 8.3, 1 but has a bluish 
tinge at lower alkalinities. Consequently, this indicator gives only a vague idea 
of the actual hydrogen ion concentration. In order to study more precisely the 
reaction of wounds healing in the presence of maggots, the hydrogen ion con- 
centration of a number of such wounds, and of wounds of other types treated 
only with neutral wet dressings, was followed electrometrieally over extended 
periods of time. 

Our earlier measurements were made upon exudate from the wound cavity 
aspirated into an oiled tuberculin syringe without a needle, and transferred 
directly to the quinhydronc electrode apparatus of Geselle. 4 Later measure- 
ments were made by means of vontact electrodes projecting into the wound, per- 
mitting readings when the quantity of exudate was too slight to be aspirated. 
Both systems were checked against Clark and' Lull’s buffers at three different 
reactions, and found to agree within 0.2 pH. 

Fig. 2 shows fluctuations in hydrogen ion concentration encountered in five 
operative wounds in chronic osteomyelitis treated with maggots, and in two open 
wounds of other natures dressed only with wet packs of sterile physiologic salt 
solution. From the osteomyelitis curves two observations may be made; first, 
that in all but one case the hydrogen ion concentration fluctuated widely; and 
second, that in every case, it at some time reached a reaction more alkaline than 
pH 7.4. In the two eases not treated with maggots, the fluctuations were not 
so marked, nor did they ever extend above pH 7.4. We have followed the 
hydrogen ion concentration in eight cases of chronic osteomyelitis and have 
found that in only two (neither of which could be followed to complete heal- 
ing) was the maximum pH lower than 7.4. The highest maximum, that of 
Case 2, was 7.86, while the lowest (in a case followed only through the initial 
stages of healing) was 6.96. 

We further noted in all eases that the fluctuations in pH followed roughly 
the clinical condition of the wound; progressive healthy healing being accom- 
panied by a consistent increase in alkalinity, while failure to progress toward 
healing, or an increase of exudate, was followed by marked fluctuation toward 
acidity. 

The increase in alkalinity beyond the reaction of blood plasma (pH 7.4) 
might arise from an abnormal reaction of the body tissues to the presence of 
maggots, or might be furnished by the maggots themselves. Specialized cefls 
in the body are capable of secreting fluids that are relatively strongly acid 
(gastric juice), or strongly alkaline (pancreatic juice). One would not expect, 
however, such abnormal secretions from cells and organs not specialized for the 
purpose. On the other hand, it is known that maggots produce ammonia. Hob- 
son 0 demonstrated its presence in an extract of midguts of blowfly larvae in 
the absence of ammonia-forming bacteria by means of Nessler’s solution. o 
determine if sufficient ammonia could be formed by maggots to render noun 
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alkaline to the degree which we have observed, the ammonia production of 
sterile blowfly larvae was measured quantitatively. 

Air, aspirated through the apparatus illustrated in Fig. 1, passed first 
through sulphuric acid 1:6, to remove atmospheric ammonia (A), then in turn 
through jar B which contained the maggot culture bottle, and over glass wool 
saturated with 50 per cent sodium hydroxide in C. This measure was necessary 
to prevent excess moisture from condensing in the vertical connections leading 
out of the incubator, thus trapping ammonia. The air was then rehumidified 
by bubbling through weak sodium hydroxide solution in D, and passed in suc- 
cession through two absorption tubes, E and F, each containing 10.0 c.c. of 
0.1 N hydrochloric acid. 

Larvae of Lucilia sericata were grown on sterile homogeneous nutrient slants 
consisting of casein and agar, together with yeast autolysate to furnish the neces- 



Fig. 1.— Diagram of apparatus used to measure ammonia production of hlmw, i 

(For explanation, see text.) ot b| o\vfly larvae. 


sary dietary factors required by for growth * These were contained in 50 ml 
centrifuge bottles with constricted necks, the mouths of which were covered with 
muslin stretched tightly and tied. Lucilia eggs, sterilized by immersion for 
fifteen minutes m a solution of mercuric chloride. 1 -.1,000, acidified with hydro 
chloric acid and washed with sterile water, were seeded on one of these slants’ 
the muslin closure was replaced, and the bottle nliood in r a „ , ts > 
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ferent times of day and night, it was found necessary to include in the line a 
mercury valve, G, and a five-gallon carboy, II, which acted as an air reservoir, 
A similar train, containing a culture bottle, but without eggs, was placed in 
parallel as a control (A„ G t ). 

At the end of the chosen period both the bottle containing the maggots and 
the control bottle were removed from the train and acidified with a few cubic 
centimeters of 0.1 N hydrochloric acid. The maggots were removed by means 
of forceps, washed, dried on filter paper, counted, and weighed as a group. The 
washings were added to the culture bottle, which was heated on a water-bath 
to melt the agar and diluted to 250 c.c. The control bottle was similarly treated. 
The standard acid in the absorption tubes was titrated, and ammonia nitrogen 
determined on 25 c.c. aliquots of the solution of the maggot medium and of the 
control medium, using Sachsse’s method 13 of vacuum distillation in the pres- 
ence of an excess of magnesia. 



Fig. 2. — Variations in tlio pH of wound exudates. Cases 1 to 5, chronic osteomyelit s 
treated with blowfly maggots. Case G. appendiceal abscess. Case 7. compound fracture ol uie 
tibia. AVet dressings of physiologic salt solution only were used in Cases G and i. 


Table I shows briefly the result of three experiments of this kind. It will 
be seen that under sterile conditions, each maggot is capable of furnishing at 
least 0.1 mg. of ammonia nitrogen per day to its surroundings, and more than 
this toward the end of its larval existence. The usual wound dressing in osteo- 
myelitis contains at least 100 to 200 maggots, furnishing 10 to 20 mg. of ammonia 
nitrogen daily. One cubic centimeter of 0.1 N ammonium hydroxide solution, 
containing 1.4 mg. ammonia nitrogen, is capable of changing the reaction of 
2 c.c. of blood serum over approximately one pH unit. Consequently, the 
amount of ammonia furnished by maggots in the usual dressing would be suf- 
ficient to neutralize much of the acid exudate characteristic of inflammation and 
infection, and, when the latter had to some degree subsided, to account for t ie 
excess alkalinity we have observed. It should be pointed out that maggots m 
the presence of bacteria produce greater quantities of ammonia than u en 

sterile. 8 
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The slight excess of alkalinity observed would exert, a definite inhibition of 
bacterial growth in the "\vonnd. Since the greater part of the healing takes 
place while the reaction of the wound exudate is below pH 7.4, this alkalinity 
cannot be a great factor in early healing, but undoubtedly plays air important 
part in maintaining bacteriostasis, once the healing has progressed beyond a 
certain point. To what degree the partial neutralization of the acid inflam- 
matory secretion aids early healing cannot be judged until we know more about 
conditions influencing the healing process, but it would seem likely to be 
beneficial to some degree. 

Tabi.k I 


Ammonia Production by Blowfly Larvae 


exper. 

XO. 

DtfRA- 
[ TIOX 
DATS 

| LIYIXG 
MAGGOTS 

RE- 

COVERED 

| TOTAL 
WT. OF 

MAGGOTS 

GM. 

| AV. WT. 
OF ONE 
MAGGOT 

GM. 

| XIL.-X 

IX ABSORP- 

TIOX TUBES 

MG. 

xiVX 

FROM 

MEDIUM 

MG. 

TOTAL 
NH-fX | 
PROD. 

MG. 

NHj-N 

per maggot 

PER DAT 
MG. 

1 

i 

27 

0.5763 

0.0231 

17.2 

Not de- 
termined 

17.2 

0.16 

o 

6 

55 

1.8211 

0.0331 

27.4 

20.9 

48.7 

0.12 

3* 

3 

19 

0 9540 

0.032S 

5.6 

30.2 

35.8 

0.03 


*ln Experiment 3, partij- grown maggots instead of eggs were introduced into the culture 
bottle. The fact that they were more mature than those used in Experiments 1 and •> mav • 
explain the heightened ammonia production (see Hobson 5 ). 1 


The source of the ammonia is not definitely known. Hobson c believed that 
it resulted from the deamination of the amino groups set free as the maggot 
hydrolyzed its food, but was unable to identify a deaminase in his study of 
the enzymes of blowfly larvae. Nitrogen distribution studies, still incomplete, 
have convinced us that Hobson’s belief is correct. 


THE MECHANISM FOR THE REMOVAL 




X J.OO UiL 


All who have watched osteomyelitis wounds healing under treatment with 
blowfly larvae are impressed with the rapid cleansing of the wound and the 
resulting pinkish granulation tissue and flat, undistorted scar. Baer, the first 
proponent of larval therapy, ascribed such results to what he called the “scav 
eager action” of the maggots; 1 their peculiar food requirements permitting 
them to attack only dead tissue. ° 

Fabre 3 described the way in which maggots feed upon meat; first liquefvina 
the protein with a proteolytic saliva or excretion, after which they hmest and 
assimilate the liquid food. Hobson has carried out an investigation of the 
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ferent times of day and night, it ivas found necessary to include in the line a 
mercury valve, G, and a five-gallon carboy, II, which acted as an air reservoir. 
A similar train, containing a culture bottle, but without eggs, was placed in 
parallel as a control (A„ G,). 

At the end of the chosen period both the bottle containing the maggots and 
the control bottle were removed from the train and acidified with a few cubic 
centimeters of 0.1 N hydrochloric acid. The maggots were removed by means 
of forceps, washed, dried on filter paper, counted, and weighed as a group. The 
washings were added to the culture bottle, which was heated on a water-bath 
to melt the agar and diluted to 2f)0 c.c. The control bottle was similarly treated. 
The standard acid in the absorption tubes was titrated, and ammonia nitrogen 
determined on 25 c.c. aliquots of the solution of the maggot medium and of the 
control medium, using Sachsse’s method 13 of vacuum distillation in the pres- 
ence of an excess of magnesia. 



Fig. 2.- — -Variations in tlie pH of wound exudates. Cases 1 to 5. chronic osteomyelitis 
treated with blowfly maggots. Case 6, appendiceal abscess. Case 7, compound fracture of me 
tibia. Wet dressings of physiologic salt solution only were used in Cases G and 7. 


Table I shows briefly the result of three experiments of this kind. It will 
be seen that under sterile conditions, each maggot is capable of furnishing at 
least 0.1 mg. of ammonia nitrogen per day to its surroundings, and more than 
this towai'd the end of its larval existence. The usual wound dressing in osteo- 
myelitis contains at least 100 to 200 maggots, furnishing 10 to 20 mg. of ammonia 
nitrogen daily. One cubic centimeter of 0.1 N ammonium hydroxide solution, 
containing 1-4 mg. ammonia nitrogen, is capable of changing the reaction of 
2 c.c. of blood serum over approximately one pH unit. Consequently, the 
amount of ammonia furnished by maggots in the usual dressing would be suf- 
ficient to neutralize much of the acid exudate characteristic of inflammation and 
infection, and, when the latter had to some degree subsided, to account for t ie 
excess alkalinity we have observed. It should be pointed out that maggots in 
the presence of bacteria produce greater quantities of ammonia than « ien 
sterile. 8 
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actuated by the motor of a pneumatic windshield wiper. At the end of the 
seven-hour period, the maggots were all living and vigorous. 

The fluid in which the maggots had been immersed more, than 3,500 tunes 
over a seven-hour period was tested for proteolytic activity against, peptone and 
gelatin, using the same technic as previously described. 1' or comparison, <i 3. pci 
cent solution of Armour’s trypsin was tested simultaneously. As big. 4 shows, 
the washings, in volume comparable to the extracts described above, showed <i 
tryptic activity barely beyond the limits of error of the method, whereas the 
trypsin preparation is comparable in potency to the extracts of crushed mag- 
gots. 

5Ve were not able to identify a collagenasc in the solution of excieta, al- 
though Hobson appears to have found one in that variety of L. scricnta common 
in England. Since such an enzyme would aid the larva to penetrate through 
the intact skin of an animal, we believe that this difference in enzyme equip- 
ment is a reflection of the difference in feeding habits between the English variety 
of L. scricain and that found in America. 

We believe our observation that blowfly maggots excrete a weakly 
proteolytic fluid, while containing in their digestive tracts a relatively strong 
one, explains why they remove necrotic tissue as effectively as they do. Tire use 
in a wound of an enzyme solution sufficiently powerful to hydrolyze the dead 
tissue completely wouid be highly irritating. The maggots apparently excrete 
a fluid just sufficiently proteolytic to liquefy their food, while the hulk of the 
digestion takes place within their digestive tracts, out of contact with the tissues 
of the wound. Another important factor in the ‘‘scavenger action” is that the 
proteolytic end-products, which would otherwise he absorbed by the patient’s 
system, or remain in the wound to furnish a substrate for bacteria, are used by 
the maggots for growth, and thus rendered inert. 


DISCUSSION 


It is interesting to note that both the alkalinization of the wound and the 
removal of necrotic tissue by maggots depend on the presence of living larvae. 
Similarly, Robinson and Norwood 11 have shown that maggots ai’e capable of 
ingesting and destroying by digestion large numbers of bacteria. These facts 
demonstrate the impossibility of substituting for the living organism extracts 
or pastes prepared from blowfly larvae, as has been suggested in the past. 5 - 10 
Indeed, it is reasonable to suppose that much of the unique virtue of mag- 
got therapy depends upon minuteness and thoroughness of action, and the uni- 
formity with which the concentration of any active agent which the larvae may 
excrete may he maintained in the wound. Compared with these conditions 
which arc best realized in the presence of large numbers of minute active agents' 
surgical instruments and bactericidal dressings arc relatively crude tools ° ’ 
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served toward 10 per cent solutions of casein, gelatin, and peptone, buffered to 
a pH of 8.0. A modification of the method of Willstlitter and Grassman 14 was 
used to follow' tlic digestion. Sufficient alcohol was added to aliquots of the 
digest to make 90 per cent alcoholic solutions. They were then titrated with 
0.05 N potassium hydroxide in 90 per cent alcohol, from a microburet, using 
phenolphthalein as an indicator. Under these circumstances, the carboxyl groups 
freed by proteolysis dissociate, while the corresponding amino groups do not; 
consequently, the progressive increase in titrable acidity is a measure of proteol- 
ysis. Since heating would alter the base-binding capacity of both substrate 
and enzyme solution, the controls were not heat inactivated. Instead, controls 
consisting of substrate, and of extract, were incubated in separate tubes, and 
samples of each titrated along with those of the digestion mixture. From the 
titration value of the sample of digestion mixture was subtracted the sum of 
the values for both controls, and the difference gave a figure which was pro- 
portional to the degree of proteolysis. 




Fig. 3. — Proteolytic activity of a 20 per cent glycerol extract of maggots. Ordinates, 
amounts of KOH necessary to neutralize carboxyl groups liberated. Circles, casein ; triangles, 
peptone. 

Fig. 4. — Proteolytic activity of maggot washings compared with that of X per cent trypria- 
Solid circles, trypsin against gelatin ; solid triangles, trypsin against peptone. Hollow circles, 
washings against gelatine ; hollow triangles, washings against peptone. 

The best medium for extracting the' proteolytic enzymes was found to 
be 20 per cent glycerol. Eighty per cent glycerol w T as an inferior solvent, 
while 0.9 per cent sodium chloride extracted only a trace of active material. 

Fig. 3 represents the results of a typical experiment in which crushed mag- 
gots were incubated with 20 per cent glycerol for twenty -four hours. By com- 
parison with the digestion rate of Armour’s trypsin in Fig. 4, it will be seen 
that this extract possessed a high proteolytic potency. 

In order to obtain a solution of the excretory products of the larvae, we 
confined lots of maggots in a cylindrical cage of 60 mesh copper gauze an 
dipped them repeatedly into physiologic salt solution. The cage, containing 
200 to 300 maggots, was raised and lowered into 50 c.c. of the salt, solution om 
times per minute for seven hours, by means of a cord passing over pufic. 4 s > an 




TI1E PRIMARY CARCINOMA OF THE LUNG® 


A Rkvikw or 100 AnrorsiKS 


R. II. .Lute, M.D., Chicago, Im-. 


TN RECENT years numerous reports have appeared from different parts of the 
1 world which deal with the increase in frequency of the primary carcinoma of 
the lung. Formerly considered a rare disease, seldom correctly diagnosed during 
life, modem statistics give the incidence of primary carcinoma of the lung with 
from 8 to 20 per cent of all carcinomas. Much controversy has arisen as to the 
cause of this high incidence of pulmonary carcinoma compared with the incidence 
of two or three decades ago. Many authors emphasize the great importance of the 
persistent irritation of the lungs by dust and gases which are the result of modem 
life and which are known to contain carcinogenic substances. Thus, by tar, pul- 
monary carcinoma has been produced experimentally in mice. Carcinoma of 
the lung, however, is also very common in countries in which the tarring of roads 
is but little used and automobiles are few in number (e.g., Russia). Other 
investigators stress, therefore, the significance of pulmonary infections, in par- 
ticular the last influenza pandemic and focal, chronic pneumonias which seem to 
he more common than in former years. On the other hand, there is a group 
of authors who believe that the increase in frequency of pulmonary carcinoma is 
merely due to the fact that we have learned to recognize it better, and that with 
the increasing span of life more people reach the age in which carcinoma of the 
lung is most common. 

Whether its increase in frequency is real or apparent, carcinoma of the 
lung, undoubtedly, is a common disease and a thorough familiarity with it is of 
importance. The great progress in thoracic surgery and in radiotherapy makes 
one hopeful that, if diagnosed early, pulmonary carcinoma is not an absolutely 
fatal disease, and an increasing number of reports are being published wdiich 
suggest a complete cure or, at least, considerable prolongation of life by surgery 
or radiation. The early diagnosis of a disease is intimately linked to the knowl- 
edge of its anatomical manifestations. The modem literature contains many 
studies on the pathology and histogenesis of pulmonary carcinoma and in addi- 
tion to the chapters in the textbooks on malignant neoplasms (Ewin^ Stoutl 
I refer to the monographs and articles respectively of W. Fischer Fried H 1 - 
and Sweany, Huguenin and Weller. Personal experience with a large number 
of cases has the advantage of uniform analysis and justifies the publication of 
additional material. It is with this point of mew in mind that I uresent tU 
following review of one hundred cases of primary carcinoma « , , . , 

have come under my observation during the past sLx vearc i i ! C . lun ° "which 
proved at autopsy aud by microscopic esaminattn ^cn 
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3. The excess alkalinity is probably a factor in bacteriostasis and wound 
healing. 

4. Blowfly larvae are shown to excrete a relatively weak proteolytic en- 
zyme, while they contain in their digestive tract a more powerful one. 

5. The relative strength and location of these enzymes permit the removal 
of necrotic tissue from a wound with a minimum of irritation. 

6. The assimilation by the larvae of the protein split products of necrotic 
tissue removes the latter from the wound where they would otherwise putrefy 
or be absorbed, to the detriment of the patient. 

7. Maggot therapy depends for its beneficial action on the presence of liv- 
ing larvae, which cannot be successfully replaced by pastes or extracts of mag- 
gots. 
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7. Hobson, R. P.: On an Enzyme from Blow Fly Larvae {Lucilia scricata ) Which Digests 

Collagen in Alkaline Solution, Biochem. J. 25: 145S, 1931. 

8. Hobson, R. P.: Studies on the Nutrition of Blow Fly Larvae. II. Role of the Intestinal 

Flora in Digestion, J. Exper. Biol. 9: 12S, 1932. 

9. Hobson, R. P.: Growth of Blow Fly Larvae on Blood and Serum. I. Response of 

Aseptic Larvae to Vitamin B, Biochem. J. 27: 1S90, 1933. 

10. Livingston, S. K.: Maggots in the Treatment of Chronic Osteomyelitis, Infected Wounds, 

and Compound Fractures. An Analysis Based on the Treatment of One Hundred 
Cases with a Preliminary Report on the Isolation and Use of the Active Principle, 
Surg. Gynec. Obst. 54: 702, 1932. 

11. Robinson, W., and Norwood, V. H.-, Destruction of Pyogenic Bacteria in the Alimentary 

Canal of Surgical Maggots Implanted in Infected Wounds, J. Lab. & Cun. Med. 
19: 5S1, 1934. 

12. Robinson, W.: A Survey of tlie Use of Sterile Maggots in the Treatment of Suppurative 

Infections in the United States and Canada, Ciic. E-322 (multigraphed). Bur. 
Entomol. U. S. Dept. Agr., July, 1934. 

13. Saclisse, R.: J. prakt. Cliein. 6: 118, 1S73. 

14. Willstatter, R., and Grnssmnn, W.: The Activation of Papaine by Hydrocyanic Acid, 

Ztsclir. physiol. Chem. 138: 1S4, 1924. 

Note: Since the above was written, Dr. William Robinson (J. Bone & 
Joint Surg. 17 : 267, 1935) lias pointed out that allantoin, present in the ex- 
creta of maggots, stimulates cell proliferation, and recommends its use to aid 
the healing of indolent wounds and ulcers. If such treatment proves success- 
ful. one function of maggot therapy, the stimulation of rapid healing, can be 
carried out in the absence of living larvae by means of a larval catabolite. 
We affirm our last conclusion, however, with respect to the two functions o 
maggot therapy which we have particularly studied: the removal of necrotic 
tissue, and whatever degree of bacteriostasis may be effected. 
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Age , Sex and Face . — All statistics agree that carcinoma of the lung is most 
common in the fifth decade of life and that it is much more frequent among 
males than among females. According to the age my hundred cases arc distrib- 
uted as follows : 


Below 30 years (youngest, ease 24 years) 

2 

31-40 years 

G 

41-50 years 

30 

51-GO years 

41 

01-70 years 

10 

Over 70 years 

5 


Ninety-two per cent were in males. Racial differences were not observed. 
The total incidence of pulmonary carcinoma v/as higher in the white race than 
in the colored race, namely, 1.7 per cent of all autopsies in the white race and 
1.0 per cent of all autopsies in the colored race. This difference is of no 
significance because the average span of life of my material is about ten 
years lower in the colored race than in the white race. In the colored race the 
difference between males and females was less striking than in the white race, 
35 per cent of the tumors being found in negresses. 


Location . — In most of the statistics the right lung has been found to be 
more frequently involved than the left lung. In some statistics the opposite is 
the case (e.g., Kraft, Edwards). In my material the relation between car- 
cinoma of the right and left lung is 55:45. Fifty-five tumors involved the 
upper lobes and 33 tumors involved the lower lobes. There was only one 
carcinoma of the right middle lobe. In eleven cases the tumor had originated 
from the main bronchus proximal to its first division. 

Macroscopic Appearance .— The gross appearance of the. tumor depends 
chiefly upon the extent of the local progression. If local complications or the 
metastases cause the patient’s death at a relatively early stage of the disease 
the primary neoplasm in the lung may be so small that it is easily overlooked at 
autopsy. In these cases, one finds, in a larger or smaller bronchus, a circum 
scribed, indurated area of the mucosa with or without slight infiltration of th " 
surrounding lung tissue. In some cases a small and friable polyp mav nrotr JI 
into the lumen „£ a bronchus. If such a polyp has become sequestrated and 
expectorated, there may be a small and shallow nicer, the true nature of whW 
can be recognized only on histologic examination. More frequently tl 
has grown to a more or less circumscribed nodule or a ^ ^ " “T 
,ng a bronchus and compressing its lumen. There are eases of 
carcinoma winch present themselves as diffuse em^niiu +• ! * pulmonar y 

or of an entire loho, resembling a lobular or 11“^ £ T 
regressive changes have transformed the tumor i ’ 1 “stances 

lining of intact tumor tissue. Most carcinomas nf +i 3 , 1Uge Cavlt T ^th a thin 
in consistency and pale gray or grayish white in color ™ S ^ S ° ft ’ medullai Y 
For practical purposes Rabin and NeuW nn-r ’ • , 
cancer of the lung. One group i s called the •' mgulsl1 two ma “ groups of 
which three-fourths of the LIZ ll’"' ”»"f™mscribed type. This type 


g 0, ' ish ' a,M *'■« m a in bronchus 
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Frequency . — Mv material consists of 6,S00 autopsies, 871 of which have been 
on cases with carcinoma. With 11.47 per cent carcinoma of the lung is third in 
frequency among the carcinomas, carcinoma of the stomach being first with 184 
cases, and carcinoma of the intestine being second with 11S cases. In 1921, I 
published, from a different part of the world (Vienna, Austria), statistics which 
were based upon 4,500 autopsies performed between 1915 and 191S. In these 
statistics the incidence of pulmonary carcinoma among the carcinomas was 
10.73 per cent. It is, of course, not permissible to compare figures which have 
been collected under entirely different conditions, but the similarity between the 
two figures is so striking that I have thought them worth while quoting. I am 
inclined, therefore, to believe with Fried and others that the increase in fre- 
quency of primary carcinoma of the lung is more apparent than real. 

Etiology . — My material does not offer any definite suggestion as to the prob- 
able etiology of pulmonary carcinoma. The patients came from the most dif- 
ferent walks of life. Fine and Jaso and others assume that silicosis may pre- 
dispose to pulmonary carcinoma. Among my hundred cases there was only 
one with the anatomic evidences of silicosis and in this case the silicon content 
of the lnng amounted to 4.79 mg. per one gram dried lung tissue. Allen believes 
that in the coal miners of Pennsylvania carcinoma of the lung is not more com- 
mon than in the other population. In a critical review Saupe comes to the 
conclusion that the high incidence of pulmonary carcinoma in certain mining 
districts is due rather to radioactive substances in the air of these mines than 
to anorganic dust. The tendency of syphilis to cause chronic irritation of the 
mucous membranes with epithelial metaplasia and carcinomatous transformation 
of the metaplastic epithelium has often been used as an argument that syphilis 
may play an important role in the pathogenesis of carcinoma of the lung. 
Twenty per cent of my cases of carcinoma of the lung showed anatomic or 
serologic evidences of syphilis which is distinctly higher than in the rest of my 
material of individuals over twenty years of age (approximately 11 per cent). 
L. Popper states that 12 per cent of his cases of bronchiogenic carcinoma have 
shown evidences of syphilis while in 337 cases of other carcinomas this combina- 
tion has been found in only 3.9 per cent. In seven instances I have found, m 
addition to the carcinoma, a progressing tuberculosis of the lungs. The ana- 
tomic findings suggested that the carcinoma had stimulated to aetive progres- 
sion a silent preexistent tuberculosis. There was no case of carcinoma formation 
from the metaplastic epithelium of an old tuberculous cavity. 

None of my cases showed definite relations to a preceding trauma. There 
was one case of carcinoma of the lung in a colored man, forty-three years of 
age, who, several years prior to his death, had received a bullet wound to the 
chest. At autopsy the bullet was found, well encapsulated, in the right lovei 
pulmonary lobe, while the left lung showed a squamous cell carcinoma that ha 
originated from the main bronchus. I think that these findings exclude t ic 
possibility that the old injury may have been related to the tumor. In geneia , 
it may be said that in the majority of the cases, at the time of death, ^umoi 
has advanced so far as to obscure any preceding or predisposing loea c s 
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thelial cells appeared very irregular with hyperchromatic, anaplastic nuclei and 
atypical mitotic figures. In one area there was a distinct invasion of the connec- 
tive tissue surrounding the bronchus and lymph vessels and small veins were 
found filled with the atypical cells (Fig. 2). In another case in which the patient 
died from a hemorrhage into a cerebral metastasis a small primary tumor was 
found in the apex of the left upper pulmonary lobe.* With its necrotic center the 
primary tumor resembled somewhat an apical tubercle except for the medullary, 
grayish white tissue about the necrosis. The histologic examination disclosed a 
very immature round-celled carcinoma. The tumor cells were arranged in small 
alveoli. According to my experience the peripheral carcinoma offers the greatest 
diagnostic difficulties. It may spread diffusely over the pleural surface of the 



Fig-. 2. — This area shows the invasion of the stroma bv the ntvnmai ~ 

are fount! in the lumen of lymph vessels. The cells also extend into P *vnrf JL 0m ? ot w hich 
■seen at the left and right side oE the field. Staining and magnlficluon san.e^ pig ‘1° a,veoli 


whole lobe or over the entire lung encasing it into a curasse of tumor tissue 
These cases are often mistaken for mesotheliomas of the pleura, a tumor which 
is exceedingly rare. In the central type of pulmonary carcinoma this diffuse 
pleural spreading is less common. In six cases the tumor was located in the 

r*" °v Tt 6 '; b r * bro ” c,, " s of «w. *»>■«'. or order 

a’lX ’ V ' "™ fi '' 0 C ” SM "' ith «*“* involvement of 

Associated Chanacs in the Lima t ,, • * 

changes which may be restricted ,0 I “ttc 

•According to the observations of _ 

n„ nor- described ,, Pancoast corresponds^ » 
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or from a branch bronchus and reveals the usual invasive characteristics of 
cancer. The second group is called the circumscribed type and presents itself as a 
spherical, well-demarcated growth maeroscopieally unrelated to a bronchus. 
Cancers of the circumscribed type occupy the parenchymal and peripheral zones 
(parenchymal and peripheral tumors). Gcscliickter and Denison also refer to 
two groups and speak of a hilar or epidermoid carcinoma that is most common 
and occurs at the center of the lung, and of a lobular carcinoma that arises in 
the periphery of the lung. I have divided my material of pulmonary carcinoma 
into four types, namely, the central or hilus, the intermediary, the peripheral 
and the diffuse type. The central type, which starts from the main bronchus or 
its til's t divisions and quickly spreads to the hilus and mediastinal lymph nodes 



Fig. 1. — Peripheral, chronic interstitial pneumonia. In the center of the Held is a 
bronchus -which is lined by metaplastic epithelium. There is some irregularity in the arrange- 
ment and shape of these cells. The lumen of the bronchus contains clumps of pns ceu • 
Mallory's phosphotungstate hematoxylin stain, magnification X150. 


fusing with them to huge solid masses, is the most common type. It was found 
in 76 per cent of my cases. "With 13 per cent the peripheral type is next in 
frequency. It starts in the periphery of the lung underneath the visceral pleura. 
In a case which is not included in my statistical figures a peripheral carcinoma 
was discovered at autopsy as an incidental finding. The patient was a white man, 
fifty-nine years of age, who for many years, in spite of all treatments, had a per- 
sistently strongly positive 'Wassermann reaction and who died from decompensa- 
tion of a hypertrophic heart. The lower border of the right lower lobe frit film 
and nodular. On microscopic examination there was a marginal, chronic, mt er - 
stitial pneumonia with extensive metaplasia of the epithelium of the sma es 
bronchi into squamous epithelium (Fig. 1). In several places the metaplas ic epi 
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two of my hundred eases no mciastases were found at autopsy. The oilier cases 
showed the followin'! distribution of the metastascs: 


Thoracic lymph nodes 

SO times 

Other lung 

times 

Adrenals 

42 times 

Abdominal lymph nodes 

37 times 

Inver 

36 times 

Kidneys 

28 times 

Bones 

22 times 

Brain 

19 times 

Intestine 

8 times 

Heart 

7 times 


Pancreas 

G times 

Spleen 

5 times 

Peritoneum 

4 times 

Dura mater of spinal cord 

3 times 

Skin, thyroid, pericardium, 


muscles 

2 times 

Stomach, seminal vesicles, 


tongue, ovary, testicle, 


breast 

1 time 


The figures for the metastases to the brain and bones are apparently too 
low, since in twenty-three cases no permission was obtained for removing the 
skull, and a systematic examination of the bones could not be made. Sclimorl 
points out that in 33.3 per cent of the cases with pulmonary carcinoma metastases 
can be found in the spine. 

Histopatholoyij , — As source of the primary epithelial neoplasm of tlie lung 
the surface epithelium of the bronchi, the epithelium of the mucous glands of 
the bronchi and the alveolar epithelium have been considered. As far as the 
alveolar epithelium is concerned it appears doubtful whether the lung of adult 
human beings possesses an epithelial lining. The majority of the modem in- 
vestigators trace the pulmonary carcinoma chiefly to the bronchi (Kraft, Sweany, 
Pried, Fischer, Tuttle and Womack and others). They are, particularly, the 
short, dark nucleated epithelial cells which are wedged in between the basal por- 
tion of the ciliated epithelial cells and which have been designated as basal cells 
from which the carcinoma of the lung seems to originate. These basal epithelial 
cells supply the material for epithelial regeneration and are endowed with the 
prosoplastie potentialities to differentiate into ciliated or nonciliated columnar 
cells, mucus-producing epithelial cells and squamous epithelial cells. The car- 
cinoma of the lung shows great variations in the microscopic structure and dif- 
ferent areas from the same tumor may reveal widely different pictures. 


In thirty-one of my cases the tumor was composed of undifferentiated, round 
cells with scanty cytoplasm and round nuclei rich in chromatin. The cells 
varied from six to twelve microns in diameter and formed solid areas which were 
surrounded by a scanty stroma with thin-walled capillaries. In the center of 
the solid areas necrosis was common. This type of tumor has been called round- 
celled or solid carcinoma, and its resemblance to sarcoma has often been stressed 
In 28 cases the tumor cells were distinctly larger and more pleomorphic and 
possessed an ample cytoplasm. The shape was polygonal, elongated or oval 
and the nuclei contamed a compact chromatin net and prominent nucleoli In 
some of the tumors huge giant cells were encountered. These cells arranged 
themselves in a pavement-like fashion resembling closely the undifferentiated 
squamous cc carcinoma of the mucous membranes. In Fischer’s statistics too 
squamous cell earemoma was second in frequency. Some authors refer to S 
type of carcinoma of the lung ns pleomorphic celled (Krift \ l ^ 

*• «—* * " ,i «*» 
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tumor or which may involve the entire lung. These secondary changes are, some- 
times, so marked that they obscure the tumor. In thirty-six cases the carcinoma 
of the lung was associated with diffuse or saccular bronchiectases and the rela- 
tion between the tumor and the bronchiectases indicated that the widening of the 
bronchial lumen was secondary to the tumor stenosis. In only one ease did the 
carcinoma originate from the epithelial lining of an old bronehieetatic cavity. 
There were 17 cases of chronic pneumonia distal to the tumor, 8 eases of lung 
abscess and 4 cases of lung gangrene. The abscesses and gangrenous areas in- 
volved portions of the lung peripherally to the tumor. 

Changes of the Pleural Cavity. — Spreading along the peribronchial lymph 
vessels the carcinoma often reaches the pleural cover causing reactive changes 
of the pleura. Recent exudative processes were encountered in 43 of my cases. 
The character of the exudate was as follows.- serous, 14 eases; hemorrhagic, 13 
eases; suppurative, 12 eases; fibrinous, 4 eases. There were 26 eases of partial 
and 23 cases of complete obliteration of the pleural cavity. In S cases the 
pleura did not. show any changes. 

Compression and Invasion of Adjacent Structures. — It. is particularly the 
hilus type of pulmonary carcinoma with its tendency to spread toward the 
mediastinum which leads to the involvement, of the neighboring organs. In seven 
cases the tumor had invaded and obliterated the superior vena cava, causing the 
formation of extensive collaterals in the anterior wall of the chest. In two 
cases Ihe inferior vena cava was found obliterated by tumor tissue. There was 
one ease each of invasion of the trachea and esophagus and three cases of direct 
extension of the tumor through the pericardial sac into the myocardium of the 
right auricle. Compression of the trachea was encountered twice and com- 
pression of the esophagus four times. In all those cases the metastases to the 
tracheobronchial and mediastinal lymph nodes had fused with the pulmonary 
tumor into a solid mass. There were four instances of erosion of a larger pul- 
monary vein with severe hemorrhage. In one ease the pulmonary tumor had 
grown through the foramina intervertebralia into the spinal canal compressing 
the mklporiion of the dorsal cord. One peripheral carcinoma had extended 
through the intercostal spaces into the pectoral muscle impressing, at first, as 
a sarcoma of the major pectoral muscle. 

Metastases. — The carcinoma of the lung is characterized by a most extensive 
hematogenous and lymphatic spreading. It has already been mentioned that an 
insignificant primary tumor may be found in cases of generalized metastases. 
Because the pulmonary carcinoma sometimes presents itself under the picture of 
a primary tumor of the brain, French authors refer to a cerebral form of car- 
cinoma of the lung. With the same justification one could speak of a gastric, 
intestinal, osseous or lymph node form of the pulmonary carcinoma. Com- 
pression of the duodenum by metastases to the peripancreatie lymph nodes, or 
compression of the cardia of the stomach by metastases to the perigastric lymph 
nodes, or compression of the common duct by metastases to the peribilmry lymph 
nodes often directs the clinician’s attention to this region of the body. In only 
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of confusion. On admission 54 patients complained chiefly of weakness and loss 
of weight. The loss of weight varied between 10 and 60 pounds. Pain in the 
chest was encountered 34 times and was often described as sharp and shooting. 
In 54 cases a persistent cough was among the first symptoms, and in 22 cases the 
cough was said to be productive of a blood-streaked material. Twenty-eight 
patients referred to shortness of breath and 5 patients complained of difficulties 
in swallowing. There were 3 cases in which hoarseness was the first symptom. 
Twenty-four patients showed no subjective symptoms pointing toward the chest. 
Fourteen patients complained of abdominal or epigastric pain, 10 patients of 
loss of appetite, nausea, and vomiting. Five patients referred to constipation. 
Hess and Faltischek have discussed persistent constipation in cases of bronchial 
carcinoma. This constipation affects mainly the proximal portion of the colon 
and has been attributed to the involvement of the right vagus by a hilus tumor 
of the right lung. In 13 cases the symptoms pointed to the central nervous 
system. 

Diagnosis . — My study is based upon the material of a large charity hospital 
and many patients enter the hospital in an advanced stage of the disease. Their 
average stay in the hospital is short and language difficulties are often encoun- 
tered. Some of the patients with pulmonary carcinoma were too ill for a 
thorough clinical, bronchoscopic or roentgenologic examination. The longer the 
stay in the hospital the higher also was the percentage of correct diagnoses. 
Taking all cases together 59 were correctly diagnosed as pulmonary carcinoma. 
In the first three years 47.5 per cent were missed while in the last three years, 
after many cases had been shown in the pathologic-anatomic demonstrations, the 
percentage of missed diagnoses dropped below 30 per cent. The highest incidence 
of incorrect diagnosis was found in the peripheral type of pulmonary carcinoma 
namely 46 per cent. Of the incorrect diagnoses carcinoma of the stomach is of 
particular interest. This diagnosis was made in nine cases of carcinoma of the 
lung. In these cases extensive metastases were found in the perigastric or peri- 
pancreatic lymph nodes, compressing the cardiac or pyloric portion of the stomach 
or the duodenum. In six cases the metastases had perforated into the lumen of 
the stomach or duodenum, causing confusing x-ray findings and the presence of 
occult blood in the feces. The other incorrect diagnoses were: 


Pulmonary tuberculosis 

(Five of these cases showed tubercle bacilli in the sputum 
and were found, at autopsy, to be combined with 
aetixe tuberculosis) 

Lung abscess 
Decompensated heart 

Drain tumor or central nervous system syphilis 
Sarcoma of hone (metastasis to sternum) 

Carcinoma of lireast (metastasis te breast; 


Ilod/jkm s disease 
Aleneemic lymphadenosis 

In these two cases there were generalized metast 
the peripheral lymph nodes and patients refu 
taking of biopsies 
Carcinoma of the prostate 


9 cases 


3 cases 
1 case 
6 cases 
1 case 
1 case 

1 case 
1 case 


? cases 
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horn pearls. Since the basal cells are potentially able to differentiate into 
squamous epithelium, the high incidence of squamous cell carcinomas of the lung 
is not surprising. Some cases suggest, however, that the squamous cell car- 
cinoma may develop from a previously mctaplastic epithelium. I have repeatedly 
seen in cases of squamous cell carcinoma of the lung areas of metaplasia of the 
bronchial epithelium far away from the tumor. There were twenty-four in- 
stances of adenocarcinoma in three of which the formation of papillae was an 
outstanding feature. Whether the tumor glands are derived from the surface 
epithelium or from the epithelium of the mucus gland I cannot decide. In three 
cases of mucus-producing carcinoma an origin from the goblet cells of the sur- 
face epithelium or from the mucus glands may he considered. The type of 
pulmonary carcinoma which is characterized by the spindle shape of the cells 
and which, under the term “oat colled’' carcinoma, has been discussed especially 
by British authors (Barnard and others), lias been encountered eight times. 
The types of tumors discussed so far did not differ in their gross appearance nor 
were there any differences in the duration of life or the extent of metastases . 8 
In four cases the tumor was firmer and on microscopic examination small alveoli 
of cuboidal or cylindric cells were found which were embedded by an ample 
stroma. These cases were called carcinoma simplex. In two eases in which the 
primary tumor was very small and appeared as a firm, circumscribed thickening 
of the bronchial mucosa, the histologic picture was that of a scirrhus. Both 
carcinoma simplex and scirrhus had produced extensive metastases. 

Burnt ion. — In a disease in which the onset is ns insidious as in pulmonary 
carcinoma, it is impossible to determine the duration of life after the tumor has 
started to develop. The following table is based upon the appearance of the 
first symptoms which arc probably due to the pulmonary lesion. Seven cases 
are excluded because the patients died soon after admission without adequate 
history. 


Less than 1 month 

3 

cases 

1 to 3 months 

30 

cases 

4 to 6 months 

24 

cases 

7 to 12 months 

26 

cases 

Over 1 year 

7 

cases 

Over 2 years 

3 

cases 


In fifty-seven cases the duration of the illness was less than six months 
while in only ten eases did the patient live a year or longer. I did not find any 
definite relation between the size of the primary tumor or the extent of the 
metastases and the duration of the illness. From the statistics of Tuttle 
and Womack it appears that the average duration of life is shorter in the 
cases with the peripheral type of pulmonary carcinoma than in the cases in which 
the tumor originates in major bronchi. In my material the average duration o 
life was eight months in the central type and five months in the peripheral type. 

First Symptoms . — It is not the purpose of this paper to enter into a dis- 
cussion of the clinical aspects of pulmonary carcinoma. A summaiy of t ’.c 
first symptoms, however, may be given since I have found them a frequent source 

* , of bronchfogenic 

*1 fully agree with Tuttle and 'Womack, and others that the graomff 
carcinoma on histologic grounds is of little practical value. 
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recalled that Hodgkin’s disease of the lung may so closely resemble pulmonary 
carcinoma that differentiation is possible only by histologic examination. 


SUMMARY 

The autopsy findings of one hundred eases of primary carcinoma of the lung 
are reviewed. Except for a high incidence of syphilis no suggestive etiologic 
factor was recorded. The great predominance of the male sex was confirmed. 
Racial differences were not observed. Whether carcinoma of the lung is really 
increasing in frequency appears doubtful. 

Maeroscopically a central, intermediary, peripheral and diffuse type of 
pulmonary carcinoma have been distinguished. The peripheral type seems to 
offer the greatest diagnostic difficulty. 

The majority of the pulmonary carcinomas arc composed of undifferentiated 
round cells which are apparently derived from the basal cells of the bronchi. 
The high incidence of squamous cell carcinoma suggests relations to epithelial 
metaplasia. Other types of pulmonary carcinoma are: the adenocarcinoma, 
the mucus carcinoma, the carcinoma simplex, and the scirrhus. 

The differential diagnostic difficulties which are due to the early appearance 
of metastases to distant organs are discussed. The value of biopsies is empha- 
sized. 
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In seven eases no diagnosis was made because the patient died soon after 
admission. 

In this connection it may ho mentioned that, extrapulmonavy carcinomas may 
present the clinical and also the anatomic picture of a primary carcinoma of 
the lung. Thus, I observed two eases of carcinoma of the prostate which, at 
autopsy, were thought to be carcinomas of the lung. In these two eases there was 
a single large metastasis to the lung which had perforated into an adjacent 
bronchus and branch of the pulmonary vein with extensive secondary, hematog- 
enous dissemination to many organs, especially to the adrenals, kidneys, and 
brain. The prostate was slightly enlarged and soft but on microscopic exam- 
ination a typical carcinoma of the prostate was discovered. 

Valve of Biopsy in Pulmonary Carcinoma. — Tumors of the large bronchi 
which can be seen on bronchoscopic examination lend themselves to biopsies. 
According to C. L. Jackson bronchoscopic biopsy will he positive in about 75 
per cent of the eases of bronchiogcnic carcinoma. In tailing bronchoscopic 
biopsies one has to be careful to select the proper area, avoiding necrotic tissue 
and noncharacteristic reactive changes peripherally to the tumor. 'Without posi- 
tive bronchoscopic findings there arc other possibilities to confirm the diagnosis 
by a biopsy. I am referring especially to the high incidence of metastases to 
peripheral lymph nodes. In twenty-eight of my cases enlarged lymph nodes 
could he palpated during life. The following lymph nodes were found to he in- 
volved : 

Cervical and supraclavicular 2 0 times 

Submaxillary 3 times 

Axillary 4 times 

Inguinal 2 times 

Sputum and pleural effusion yield valuable material for histologic exam- 
ination. They can be precipitated and fixed with alcohol and embedded with 
paraffin. In two of my cases with skin metastases biopsies from the skm 
directed the clinician’s attention to the lung. Finally biopsies from bone metas- 
tases and from the lung and pleura with the aid of an exploratory thoracotomy 
may be mentioned. 

Extrapulmonavy Complications. — Eight cases of pulmonary* carcinoma 
showed, at autopsy, an exudative pericarditis. In three cases a terminal endo- 
carditis was found. There were two eases of purpura hemorrhagica and two 
eases of severe jaundice due to the compression of the common duct by metastases 
to the peribiliary lymph nodes. There was one case of amyloidosis and only one 
case of hypertrophic osteo-arthropathv (Marie-Bambcrger). Four cases showed 
a very marked clubbing of the fingers. In ten eases the. spleen was palpable 
during life. 

Other Primary Tumors of the Lung. — Apart from carcinoma primal y 
tumors of the lung were very rare in my material. There was one case of 
benign, glandular polyp and two cases of chondroma, one of which had der elope 
in the wall of a bronchiectatie cavity. There was one ease of mesothelioma o 
the pleura but no ease of true sarcoma of the lung. In six of thirty cases o 
Hodgkin’s disease the lungs were found to be extensively involved, t may >c 
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of lior.se serum. Upon repealed intravenous injections, occasional reactions, 
usually general in character, occurred. One dog, however (No. 51, sac without 

Table I 

Results or Intravenous Injection or Horse Serum 
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•Delayed reaction, tour hours after I.V. injection. EtV, Egg white. Eoc. Local reaction 
HS, Horse serum. Gen.. General reaction. ' reaction. 
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Results of Intravenous Injection of Egg White 



EGG TREATED | 

CONTROLS 

DOG NO. 

57 

68 

58 

64 

72 

preparation 
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TIT. LOCAL CEREBRAL ANAPHYLAXIS IN THE DOG* 


Leo M. Davidoff, M.D., Nicholas Kopeloff, Ph.D., akd Lf.xoke M. Kopeloff, 

M.A., New York, N. Y. 


I N ORDER to augment the material presented in previous communications 1 and 
particularly to increase the number of control animals, a further study of 
twenty -three dogs was undertaken. These dogs varied in weight between 4 and 
14 kg., the average being S kg. Two methods of sensitization were employed. 
The first consisted in placing the antigen in a small collodion sac in contact with 
the cerebrum, which was either purposely injured by scarification or left com- 
paratively intact. In control animals the sacs were filled with sterile physiologic 
saline. In the second method, on five successive days 0.2 c.c. of antigen was in- 
jected directly into the brain through a. previously prepared trephine hole after 
allowing the wound to heal. Control animals received similar injections of 
saline. 

The two antigens used were normal hoi'se scrum,! which was always em- 
ployed on the left side of the brain, and fresh egg white, which was always used 
on the right side of the brain. The sacs were filled with 0.05 c.c. of equal parts 
of horse serum and saline, or 0.10 c.c. of 17 per cent egg white (diluted with 
saline). The test for sensitivity consisted of an injection into the leg vein of 
4 c.c. of undiluted normal horse serum or egg while. 

In Tables I to III the values assigned to the general reaction represent 
degrees in terms of the number of responses noted, i.e., diarrhea, vomiting, weak- 
ness, salivation, and death. The degree of intensity of the focal reaction is in- 
dicated as very slight (±), slight (+), moderate (++), marked (+ + +), and very 
marked (+ + + +). It goes without saying that any focal reaction observed oc- 
curred on the side of the animal opposite the side of the brain which was in im- 
mediate contact with the antigen. 


HOUSE SERUM 


Considering first the dogs which received horse serum alone, we found that 
after the first intravenous injection (No. 52, sac without cerebral injury), theie 
occurred a very marked contralateral paralysis accompanied by an extremely 
severe general reaction terminating in death one-half hour after the injection 
of horse serum. Another dog (No. 62, sac with injury) did not react im- 
mediately to its first intravenous injection of horse serum, hut three hours latei 
salivated, rotated its head to the right, showed convulsive twitching of the right 
forepaw, and backward stamping of the right hind leg. Control dogs (saline sac 
in contact with the brain) did not react in any way to the first intravenous ose 

•From the Department o£ Bacteriolosy. New York State Psychiatric Institute and Ho- 

p*ta1. , 'Board of Health 

tThis was very generously* placed at our disposal by the New York ghj 
R esearch Laboratories. 

Received for publication, March 27, 1935. 
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parts adjacent to the sac. It is not unlikely that in just this area a concentration 
of antigen following intravenous injection occurred which was tantamount to 
sensitization. A subsequent intravenous injection of antigen could therefore 
elicit a focal reaction, as indeed it did. 

As a further control procedure. 3 dogs (No. 53 and 70, horse serum injected, 
and No. 5S, saline sac without injury) received intravenous injections of egg 
white following at least two previous intravenous injections of horse serum. 
None of these dogs reacted to this first contact with a new antigen. Subsequent 
intravenous injections of horse serum caused general reactions, thereby demon- 
strating the specificity of the responses observed. 

It is also of interest to note that after the second intravenous injection of 
horse serum No. 70 exhibited a marked reddening of the scalp, accompanied by 
itching, indicating a sensitization of the skin in this region. This phenomenon 
was likewise observed in another dog sensitized to egg white (No. 40) included 
in a previous scries of animals. 2 


egg white 

Among the dogs receiving egg white in the brain, none exhibited a local 
reaction following the first intravenous injection of the same antigen. Neither 
did any of the control, or saline-treated animals. However, No. 6S, which had 
received egg white directly into the brain by injection, showed a moderately 
severe generalized anaphylactic reaction. 

Upon repeated intravenous injections of egg white, all but one of the control 
dogs responded with general reactions. Our interpretation of this phenomenon 
is the same as that in the case of the animals reacting to repeated intravenous 
injections of horse serum. Namely, the first intravenous injection of antigen may 
act as a sensitizing dose by selective adsorption in traumatized brain tissue. Sub- 
sequent intravenous injections therefore may cause a local reaction. The proto- 
col of No. 58 (saline sac without injury) is illustrative. After the first intra- 
venous injection of egg white there was no reaction; after the second intra- 
venous injection there was a moderate general reaction (+■+); after the third 
intravenous injection there was a severe general reaction (+ + +) and a moderate 
local reaction (++). 

The failure to obtain any reaction in t he dogs with egg white sacs follow- 
ing the first intravenous injection of antigen indicates that the antigen may not 
have come in contact with brain tissue, i.e., that the sac was impermeable to the 
protein employed. It was very difficult to prepare collodion sacs of such small 
size (0.3 c.e. capacity) as seemed desirable to use. Furthermore, it should be 
noted that they were not all tested prior to use as they should have been. The 
failure to react to intravenous injections by dogs which had received egg white 
intraeerebrally can be accounted for by assuming that there was insufficient con- 
tact of antigen with brain tissue to ensure sensitization, i.e., that the antigen 
was eliminated too rapidly from the local site. 

HORSE SERUM AND EGG WHITE 

Turning now to a consideration of the dogs which received both horse serum 
and egg white on opposite sides of the brain, we find that one clog (^°- 67, 



MONOPHYLETIC SCHEME OF BLOOD CELL FORMATION FOR 
CLINICAL AND LABORATORY REFERENCE* 


Katsuji Kato, Ph.D., M.D., Chicago, 111. 


T HE origin, development and interrelationships of the formed elements of 
the blood have furnished a fertile soil for many controversies among anat- 
omists and pathologists. The average clinician, however, has not given much 
thought to this aspect of laboratory medicine, simply because of an almost 
unsurmountable degree of confusion existing among the hematologists. Yet 
it cannot be denied that a practical knowledge of hemocytogenesis is essential 
to the clinicians, not only for diagnosis of various types of blood dyscrasias, 
but for a proper evaluation of other pathologic processes as reflected in the 
blood. It is, of course, a matter of personal choice as to just which theory a 
clinician should follow. But it is important that a workable theory be chosen, 
and in order to use it intelligently for clinical purposes, it must he diligently 
adhered to. 

Since the various theories of blood cell formation have been reviewed 
from time to time, it is not necessary to repeat the task in detail here. Broadly 
speaking, all schools of hematologic thought may be classified under either 
monophyletism or polyphyletism. The monopkyletic view includes both the 
so-called extreme Unitarians (Dominici, Weidenreich, Dantschakoff, Maximow, 
Jolly), and the neounitarians (Pappenheim, Ferrata, Downey). The poly- 
phyletie school consists of the dualists (Ehrlich, Nageli, Schridde, Piney, and 
Helly), and the trialists (Schilling, Rosenthal), and the extreme polyph 3 r letists 
(Sabin and her coworkers). The grounds on which these various theories are 
based are chiefly of academic interest. But from a practical clinical point of 
view, the monopliyletic theory is by far the most satisfactory. 

The scheme of the formation and interrelationships of the blood cells here 
delineated has been found useful as a ready reference in the laboratory and 
classroom. Sfonophyletie in principle, its general form has been suggested 
by a somewhat similar scheme devised by Epstein and published by Downey 
All the blood cells illustrated in the chart have been seen by me either 
in the peripheral blood or in sections of the hemopoietic organs. ' Their nos’ 
tions are arranged in developmental sequences, and the following explanatory' 
remarks attempt to redefine and properly classify the existing complexitv of 
hematologic nomenclature. 1 ' - v 01 


Tins » mad. up ot five concentric circular cones, numbered bv 

Arabic numerals I to 5 wind, represent principal stages ot maturation oI 
ous cell types. Only those stages that are clinically useful in J 

factory classification of the cells in the differential ‘count have been illustrSed 

* <*««**>. 
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intracerebral injections) responded with a marked contralateral focal and slight 
general reaction to its first, intravenous injection of egg while. Another dog 
(No. 54, sacs without injury), after its first intravenous injection of horse serum, 
exhibited a focal reaction of very slight degree accompanied by a severe general 
reaction. Control animals, saline-treated, gave no reaction to their first intra- 
venous injection of either antigen. Subsequent intravenous injections of both 
antigens produced focal and general reactions in all but one dog in this group. 
An interpretation of this phenomenon has already been suggested. 

DISCUSSION 

The sensitization of brain tissue to horse serum or egg white is beset with 
serious technical difficulties. Positive evidence of local as well as general cerebral 
anaphylaxis has been presented in detail. Manifest reactions following the first 
intravenous injection of the appropriate antigen in the brain are conclusive. 
Reactions following repeated intravenous injections of the appropriate antigen 
in dogs subjected to the brain operations described arc indirect substantiation. 
The results presented here lend further confirmation to those previously re- 
ported by us. 1 - 2 

The work of Clerc, Paris and Sterne 2 seemed to offer a further possibility 
of obtaining positive responses in animals suitably treated. Consequently, a 
saturated solution of oetanol in 33 per cent ethyl alcohol was injected intra- 
venously (1.7 e.c. per kg. of body weight) two minutes before the last antigen 
injection. In addition to a marked narcotic effect there were some slight general 
but no local reactions. When the oetanol was injected ten minutes after the 
antigen, the results were similar. 

This investigation is being continued in an effort to perfect a method which 
will induce local cerebral anaphylaxis in the dog at will. 

SUMMARY 

1. Dogs having normal horse scrum or fresh egg white in contact with one 
side of the brain either by means of collodion sacs or by direct injection, re- 
acted locally on the opposite side of the body following an intravenous injection 
of the appropriate antigen. General reactions were also observed. Control ani- 
mals failed to respond. 

2. A number of dogs subjected to the brain operations described, failed to 
react to the first intravenous injection of antigen. However, upon repeated in- 
jections of the same antigen, contralateral focal (as well as general) reactions 
were elicited. This phenomenon was interpreted as the result of a selective 
adsorption of antigen in the traumatized brain tissue causing sensitization. 
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The central circle contains the generally recognized parent cell of all types 
of the blood cells, while in the outermost zone are grouped all the mature cells 
found in the peripheral circulation of normal human subjects. The inter- 
mediate zones comprise the cells normally found only in the hemopoietic or- 
gans, which, under abnormal conditions, may appear in the peripheral blood. 
Generally speaking, the more pronounced the degree of abnormal stimulation 
of the hemopoietic tissues, the greater the number and types of the immature 
cells which appear in the blood stream. This is best exemplified by the 
greater percentage of the myeloblasts seen in acute myelogenous leucemia in 
contrast to the chronic stage in which the myeloblasts are comparatively few. 

The radiating lines, starting from the second and third zones and extend- 
ing to the peripheral zone, divide the blood cells into nine distinct and specific 
groups, numbered clockwise by Roman numerals, 7 to 7X. The fact that these 
radiating lines do not traverse the first, and second zones indicates that the cells 
in these zones have general relationships to all specific cell groups. This dis- 
cussion follows the various cell series of each sector through the zone se- 
quences in numerical order. These illustrations are based on the actual ap- 
pearance of the cells in the blood smears made by the method previously de- 
scribed by me and prepared by the panoptic combination method of Pappen- 
heim (May Griinwald stain, followed by dilute Giemsa solution). It may be 
stated that the Wright stain, when properly applied, also brings out all the char- 
acteristic details here described. The names of all cells illustrated in the 
scheme are given in the Genealogy of Ilemocvtes accompanying the chart 
(Table I). 

The precursor of all types of blood cells is the undifferentiated mesen- 
chymal cell of the embryo (Zone 1) corresponding in the adult organism to 
the resting reticulo-endotlielial cell, a fixed tissue cell which is not a hemoeyte. 
This cell, however, possesses unlimited mesenchymal developmental potencies, 
differentiating under normal conditions into the myeloblast, the first general 
stem cell of the blood. The regeneration of the blood cells beyond the myeloblast 
stage normally proceeds according to a homoplastic principle. It is only under 
extremely pathologic conditions that heteroplastic proliferation occurs. 

The term myeloblast, according to the Unitarian theory here adopted, js 
applied to the first hemoeyte formed by the differentiation of the reticulo- 
endothelial cell. It is a general hemoblast, a common parent to all the nme 
specific types of blood cell. In the chart, the five myeloblasts shown in the 
second zone are 'all morphologically identical, characterized chiefly by the 
peculiarly constant pattern of the nuclei. The deeply purple chromatin gran- 
ules of the myeloblast nucleus are very fine and uniformly distributed. The 
nucleus itself is relatively large, occupying the major area of the entire cell. 
There are usually visible nucleoli, varying in number from two to ten. The 
cytoplasm, scant in amount, usually stains muddy blue, particularly at the 
periphery. Immediately surrounding the nucleus, there may appear a nar- 
row, slightly creamy, hyaline-clear zone. The bluish-stained cytoplasmic rim 
often appears granular, especially when seen in company with granulocytes 
(as in myelogenous leucemia) and o-ythroblasts (as in erythroblastosis;. 
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Sometimes, however, as seen in lymphatic leucemia, this cytoplasmic ring may 
appear homogenous. The myeloblast thus described is morphologically identi- 
cal with the myeloblast of Nageli. Downey, and Piney. In the literature, it is 
synonymously known as the Ivmphoidoeyte (Pappenheim), the indifferent 
lymphoid cell of the marrow (Miehaelis and Wolff), and the hemocytoblast 
(Ferrata). Maximow, however, was unable to distinguish the lymphocyte and 
the myeloblast on the basis of their cytologic structures, and his hemocyto- 
blast is not the same cell as the myeloblast here described. 

Sectors I and II depict the cells of the erythrocytic series. It is now gen- 
erally agreed that the cells of the normoblastic series represent the definitive 
or permanent erythrocytes in the normal adult organism, replacing the primi- 
tive or embryonic erythrocytes of the megaloblastic group. These two series 
of erythrocytes, therefore, are distinct not only in their cytologic structures, 

Table I 


Genealogy of Hemocytes 


ZONE 1 

zone 2 

ZONE 3 

ZONE 4 

ZONE 5 


PARENT 1 

CELL 

3EXERAL 

IIEMO- 

BLAST 

SPECIFIC 

IIEMOBLASTS 

INTERMEDIATE 

HEMOCYTES 

MATURE HEMOCYTES 
OF CIRCULATION 
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i 

’ronormoblast 

(Proerythro- 

blast) 

A. Polychromatic 
normoblast 

B. Orthocliromatic 
normoblast 

Orthocliromatic 

erythrocyte 

i 
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I 
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Promegaloblast 

Megaloblast 

Megalocyte 

■Sector 






n 



Monoblast 

Promonocyte 

rr b ' 

Monocytes 

Sector 

m 

Undifferentiated 


Leucoblast 

A. Eosinophilic 
myelocyte 

B. Eosinophilic 
metamyelocyte 

XWb ' 

Eosinophilic polv- 
morphonuclears 
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IV 

mesenchymal 
cell (embryo) 

or 

Beticuloendo- 

1 

Myelo- 

blast 

' 

| 

A. Neutrophilic 
promyelocyte 

B. Neutrophilic 

myelocyte j 

1 

A. N eutrophilic 
metamyelocyte 

B. Neutrophilic 

staff cell | 

C. Neutrophilic 

polymorpho- 1 

nuclears 

Sector 

V 

(adult) 



A. Basophilic 
myelocyte 

B. Basophilic meta- 
myelocyte 

1 

Basophilic poly- 
morph onuclears 

Sector 

VI 



Lymphoblast 

A - B 

Prolymphocytes 

A. Large lympho- 
cyte 

Sector 

VII 





B. Medium lympho- 
cyte | 

C. Small lymphocyte i 



(Lympho- 
blastic 
plasma cell) 

nroplasmoeyte 

Plasm ocyte (Plasma 
cell) 

Sector 

VIII 



blast 

.Megakaryocyte 

1 hrombocytes 
(platelets) and 
nuclear frag- 
ments of mega- 
karyocyte 

Sector 

IX 
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the cell. The final mature cell of the megaloblastic group is the megalocyte 
(Sector II, Zone 5) which, after having passed the various stages of nuclear 
condensation, has completely cast out its nucleus. 

The normal formation and regeneration of the red blood cells in the adult 
organism involve only the normoblastic series, but under pathologic condi- 
tions the megaloblastic group may be stimulated. Clinically there are only a 
very few conditions in which such stimulation is reflected in the blood stream, 
chief among which are pernicious anemia, intestinal parasites, calcinomatosis 
and severe types of erythroblastosis in infants. In fetal hemopoiesis, the 
megaloblastic form of regeneration is said to be a normal function and such a 
phenomenon may be found occasionally and only temporarily in postnatal life 
of prematurely born infants. 

Sector III contains the cells of the monocytic series, of which the mono- 
blast (Zone 3) is the most primitive. The monoblast is characterized by a 
slight tendency of the chromatin granules to become reticular. The nucleoli 
are definitely visible. The granular cytoplasm is still deeply basophilic, though 
usually not as marked as that of the proerythroblast or the promegaloblast. 
The cell in the fourth zone of Sector III is the promonocyte, characterized by 
a still further condensation of reticular chromatin strands, with a frequently 
visible nucleolus. Its cytoplasm is basophilic, less pronounced than that of 
the monoblast, and shows a greater degree of granular appearance. Pine 
azur granules are only occasionally seen, being frequently absent altogether. 
This type of cell is occasionally seen in the peripheral circulation under con- 
ditions of excessive stimulation of the reticulo-endotlielial system. The ma- 
ture monocytes of the peripheral blood (Sector III, Zone 5, A and B ) are 
characterized by the pale bluish granules in the cytoplasm and an abundance 
of nonspecific fine azur granules, often spoken of as azur dust. Their nuclear 
pattern is highly reticular in its chromatin arrangement. The configurations 
of the nuclei are greatly varied, sometimes showing a kidney-beanlike indenta- 
tion on one side, in the deep crevice of which upon close examination are 
usually seen two small projections; or again the nuclei may be greatly elon- 
gated, folding and bending their extended nuclear processes upon one another 
producing fantastic shapes of infinite varieties. This latter type of monocyte 
is sometimes referred to as a Rieder cell. 


Sectors IV, V, and VI illustrate the three recognized varieties of specific 
granulocytes, of which the leucoblast (Pappenheim) is the common precursor 
the first distinct and specific stem cell differentiating in the granulocytic direc- 
tion from the myeloblast, its general stem cell. The leucoblast (Sectors 
IV, V, VI, Zone 3) is characterized by its large size and slightly reticular 
nucleus with distinctly visible nucleoli. Its nuclear membrane is usually in- 
visible and cytoplasm moderately blue in staining though lighter than the 
blue of the myeloblast. The most distinguishing feature, however, of the 
leucoblast is the abundance of nonspecific azur granules, scattered nrofuselv 
over the surface of the entire cell, ranging in number from about twenty to 
sometimes one hundred or more. It is from this common specific hemoMast 
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but also in tbeir functional significance. In the clinical literature, the megalo- 
blast is frequently referred to as representing the most immature stage in the 
development of the normoblastic erythrocytes, but such a view is the result of 
confusing the phylogenetic position of the megaloblast. with the ontogeny of 
the normoblast. 

In the normocytic series, the most primitive cell is the proerythroblast 
(Sector I, Zone 3), a cell referred to in the literature also as the basophile 
erythroblast (Ferrata) or the macroblast (Naegeli). This cell corresponds to 
the promegaloblast in the degree of maturity, their chief difference being their 
characteristic nuclear pattern. The chromatin granules in the pronormoblast, 
show a greater tendency to aggregation than in the promegaloblast, clump- 
ing of chromatin in the former cell already suggesting a cart wheel arrange- 
ment. The cytoplasm, deeply blue and somewhat granular, appears much 
more condensed and irregular in outline than in the promegaloblast. The 
presence of hemoglobin is not yet detectable. 

The early normoblast (Sector I, Zone 4, .4) being a more mature nucleated 
red blood cell, definitely demonstrates the presence of hemoglobin. The 
nuclear chromatin is characteristically arranged in cart wheel shape, though 
the cytoplasm may be still polychromatophilic. The nuclear membrane is 
usually heavy and distinctly visible. In a later stage, this polychromasia of 
the cytoplasm is almost completely replaced by pure hemoglobin, but with a 
greatly condensed nucleus (Sector I, Zone 4, B). The cell is then called ortho- 
chromatic normoblast. This latter nucleus is finally lost by extrusion, with 
the resulting mature erythrocyte (Sector I, Zone o). Such terms as the ortho- 
normocyte, the macronormocyte, and the micronormocyte, used by some hema- 
tologists, are all mature erythrocytes of this series, differentiated on the basis 
of their cytologic dimensions. 

The cells of the megaloblastic group are illustrated in Sector II. The first 
distinct cell of this series, called promegaloblast (Sector II, Zone 3), is char- 
acterized by somewhat, coarse chromatin granules, uniformly distributed 
throughout the nucleus, and with very little tendency to form into aggrega- 
tions. The nuclear membrane is indistinct and the nucleolus sometimes risible. 
The paracliromatin spaces are much more conspicuous than in the stem cell, 
and the cytoplasm, still very dark blue and rather granular. As a rule, this 
promegaloblast is much larger in dimensions than the comparable cell of the 
normoblast series, the pronormoblast. Like the latter cell, the promegaloblast 
shows no evidence of hemoglobin in its protoplasm. 

The megaloblast is shown in the fourth zone of Sector II. This cell is 
characterized by its huge size, and by its primitive nuclear pattern, which, 
however, is beginning to show some evidence of chromatin condensation, caus- 
ing the nucleus to appear coarsely reticular. The nuclear membrane is usually 
very indistinct. The most characteristic aspect of this cell is the fairly abun- 
dant presence of hemoglobin, in sharp contrast to the cells of similar nueleai 
immaturity in the normoblastic series. The slightly polychromatoplnhc c.i to- 
plasm usually presents granular appearance, especially near the penp mry o 
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the cell. The filial mature cell of the megaloblastic group is the mcgalocytc 
(Sector II, Zone 5) which, after having passed the various stages of nuclear 
condensation, has completely cast out its nucleus. 

The normal formation and regeneration of the red blood cells in the adult 
organism involve only the normoblastic series, but under pathologic condi- 
tions the megaloblastic group may be stimulated. Clinically there are only a 
very few conditions in which such stimulation is reflected in the blood stream, 
chief among which are pernicious anemia, intestinal parasites, calcinomatosis 
and severe types of erythroblastosis in infants. In fetal hemopoiesis, the 
megaloblastic form of regeneration is said to be a normal function and such a 
phenomenon may be found occasionally and only temporarily in postnatal life 
of prematurely boi'n infants. 

Sector III contains the cells of the monocytic series, of which the mono- 
blast (Zone 3) is the most primitive. The monoblast is characterized by a 
slight tendency of the chromatin granules to become reticular. The nucleoli 
are definitely visible. The granular cytoplasm is still deeply basophilic, though 
usually not as marked as that of the proerythroblast or the promegaloblast. 
The cell in the fourth zone of Sector III is the promonocyte, characterized by 
a still further condensation of reticular chromatin strands, with a frequently 
visible nucleolus. Its cytoplasm is basophilic, less pronounced than that of 
the monoblast, and shows a greater degree of granular appearance. Pine 
azur granules are only occasionally seen, being frequently absent altogether. 
This type of cell is occasionally seen in the periphei’al circulation under con- 
ditions of excessive stimulation of the reticulo-endothelial system. The ma- 
ture monocytes of the peripheral blood (Sector III, Zone 5, A and B) are 
characterized by the pale bluish granules in the cytoplasm and an abundance 
of nonspecific fine azur granules, often spoken of as azur dust. Their nuclear 
pattern is highly reticular in its chromatin arrangement. The configurations 
of the nuclei are greatly varied, sometimes showing a kidney-beanlike indenta- 
tion on one side, in the deep crevice of which upon close examination are 
usually seen two small projections; or again the nuclei may be greatly elon- 
gated, folding and bending their extended nuclear processes upon one another 
producing fantastic shapes of infinite varieties. This latter type of monocyte 
is sometimes referred to as a Rieder cell. 


Sectors IY, Y, and YI illustrate the three recognized varieties of specific 
granulocytes, of which the leucoblast (Pappenlieim) is the common precursor 
the first distinct and specific stem cell differentiating in the granulocytic direc- 
tion from the myeloblast, its general stem cell. The leucoblast (Sectors 
1Y, V, YI, Zone 3) is characterized by its large size and slightly reticular 
nucleus with distinctly visible nucleoli. Its nuclear membrane is usually in- 
visible and cytoplasm moderately blue in staining though lighter than the 
blue of the myeloblast. The most distinguishing feature, however of the 
leucoblast is the abundance of nonspecific azur granules, scattered profuselv 
over the surface of the entire cell, ranging in number from about twentv to 
sometimes one lumdeed or more. It is from „, is common specific hcmobtet 
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that arise tiie specifically granulated promyelocytes, myelocytes, metamyelo- 
cytes, and finally mature polymorphonuclear leucocytes. 

In Sector IV, Zone 4, are shown the eosinophilic myelocyte („4), and 
metamyelocyte (B). which develop into mature eosinophilic granulocytes with 
segmented nuclei (Sector IV, Zone 5. A and B). In the eosinophilic myelocyte, 
the specific granules do not always appear typically red, but rather dark gray- 
ish, due to the immature state of some granules. The nucleus of the mature 
eosinophilic granulocyte usually is made up of two elongated segments, re- 
sembling a pair of butterfly wings, but in pathologic conditions, it shows a 
greater number of segments. 

The neutrophilic promyelocyte (Sector V. Zone 3, A ). characterized by the 
coexistence of both the primitive basophilic cytoplasm and the specific neutro- 
philic granules, is the precursor of the neutrophilic myelocyte. In the latter 
cell (Sector V, Zone 3, B) the entire cytoplasm is converted into mature specific 
neutrophilic granules. The nuclei of both cells are still undifferentiated, but 
the chromatin aggregation is pronounced. 

Sector V, Zone 5, A, B, and C illustrates the three degrees of mature neutro- 
philic granulocytes in normal circulation, respectively designated as the meta- 
myelocyte, the staff neutrophile and the segmented neutrophile, in order of 
maturity. The youngest of these, the metamyelocytes, is found normally only 
in the blood of the newborn infants during the first few days of postnatal life. 
The staff cells characterized by a further differentiation of the nucleus, but 
not yet showing its segmentation, are also normally present, in the peripheral 
blood, their increase indicating a correspondingly good prognosis in cases of 
acute infection. The typical segmentation of the nucleus, as in mature granu- 
locytes, must always show the presence of two or more segments of the nuclear 
substance, mutually connected by a very thin filament of the same substance. 
Occasionally nuclear buds may be seen projecting from any portion of the 
nuclear lobules. As the granulocyte matures, the number of segments in- 
creases, and in certain stages as many as ten or twelve lobules may be dis- 
tinguished. The so-called qualitative differential count of the Arnetli hemo- 
gram is based on the number of segments thus demonstrated. Occasionally 
one or two light bluish protoplasmic granules of varying sizes may be found 
in the cytoplasm of segmented neutrophilic granulocytes. They have been 
called Dohle’s inclusion bodies, but seem to possess no clinical significance. 

The specific basophilic myelocyte (Sector VI, Zone 4, A) possesses a rather 
grayish blue cytoplasm with a rounded configuration of the nucleus containing 
characteristically clumped chromatin granules. The morphology of the baso- 
philic metamyelocyte (Sector VI, Zone 4, 2?) is exactly identical with that of 
the myelocyte, except the presence of one deep indentation of the nucleus on 
one side. The specific granules may be either scant or abundant, though never 
as plentiful as the granules of the mature basophilic granulocyte, the nucleus 
of which is segmented (Sector VI, Zone 5, A and B). The basophilic granulo- 
cyte is synonymously known as the mast cell in the older literature. 

The cells of the lymphocytic series are shown in Sector VII, the most 
primitive being tlie lymphoblast (Zone 3) which develops from the myeloblast 
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as may be traced in the blood of subacute and acute lymphatic leucemia. This 
lymphoblast is the sjmcitic stem cell for all types of lymphocytes. In general 
structure the cell is definitely lymphocytic, in that the chromatin granules are 
much coarser than in its parent cell, the myeloblast. The cytoplasm becomes 
a little more abundant as compared with Hie myeloblast, and the. nucleoli, 
usually two in number, are distinctly visible. The more mature cells of this 
series are the large and small prolymphocytes, morphologically identical (Sec- 
tor VII, Zone 4, A and B). Their nuclei contain definitely characteristic chro- 
matin aggregations with occasionally visible single nucleoli. Their cytoplasm, 
peculiarly hyaline, stains sky-blue with no protoplasmic granulations. From 
either these large or these small prolvmphocytes, the three recognized varie- 
ties of mature lymphocytes develop, but the exact antecedent of each has not 
been clearly established. The large lymphocyte (Sector VII, Zone 5, A) has 
characteristic aggregation of chromatin into heavily staining bars and clumps. 
The cytoplasm, hyaline, transparent and homogeneous, often displays a tend- 
ency toward irregular protoplasmic distribution of blue staining. Occupjdng 
an intermediate position among the mature lymphocytes, the medium lympho- 
cyte or mesolympliocyte (Sector VII, Zone 5, B) is identical with the large 
type in morphologic details, except in the occasional presence of visible non- 
specific azur granules much coarser than those seen in the monocytes. These 
granules are practically never seen in abundance and occur at one portion of 
the hyaline cytoplasm usually near the nuclear indentation. The small lympho- 
cyte (Sector VII, Zone 5, C), characterized by a very small amount of cyto- 
plasm, is frequently more definitely condensed as to'' nuclear chromatin than the 
two lymphocytes above described. 

The lympliocjtes have chiefly been the center of many hematologic contro- 
versies, because of their developmental potencies exhibited under pathologic 
conditions. Some Unitarians believe that the mature lymphocytes of the nor- 
mal blood, particularly the small variety, may dedifferentiate under abnormal 
stimulation back into the myeloblast, through the lymphoblast sta"e. This 
myeloblast may in turn redifferentiate into any type of hemocyte. Thus the 
blood picture reported by Logefeil under the title of mixed leucemia may be 
interpreted to mean only a certain stage of myeloid leucemia, in which the 
lymphocytes are dedifferentiating back into the myeloblast and then finally 
into the granulocytes. 


In Sector VIII are shown three varieties of liemocytes usually called 
plasma cells (Cajal, TJnna, Marsclialko, Schridde). The typical plasma cells 
are present in the normal blood in a small percentage and, therefore their 
currence has no pathologic implications. The usual type,’ here called nlasmn 
cyte (Zone 5), is characterized by its ultramarine blue onanno V 
somewhat granular, a nucleus often eccentrically placed, and a chromatin 
gregation usually m cart wheel arrangement Akn Wv v a °‘ 

. narrow clear acre sllarplv c o„tr “linT P, T"‘ ‘° «“ 

,.l„c cytoplasm. Tl,c plasma cell with a m H T'"”’ 5 ' 

Poc'ccr Pattern has ltccn recognised bv some observers t h ‘ 
plasmoeytie series. Sncb a cell has been' called lymphoblastic' plSna ^ 
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(Schridde), and it is derived directly from tlie lymphoblast. In the present 
scheme, this variety of plasma cell is placed in Sector VIII, Zone 3, and tenta- 
tively called plasmoblast. It is conceivable that this apparently primitive 
cell may give rise to a more typical plasma cell. The so-called irritation form 
of Turk, according to some investigators, may be identical with the lympho- 
blastic plasma cell, as its nuclear pattern is found to be immature. "When it 
occurs in myelogenous leueemia, it is undoubtedly derived from the myeloblast. 
Again, a cell which appears to possess a nuclear chromatin arrangement of 
intermediate maturity, here called proplasmocytc (Sector VIII, Zone 4), may 
be found in the organs of such conditions as plasma cell leueemia (lympho- 
adenosis leucemica plasmacellularis, Piney) and plasmacytoma or plasma cell 
myeloma. Occasionally, the plasma cell may show, in its cytoplasm, the pres- 
ence of nonspecific azur granules (plasmacytoid cell of Piney). Vacuoles are 
also frequently noted in the cytoplasm of all types of plasma cells. 

The cells of the plasmocytic group offer the greatest difficulty in estab- 
lishing their respective positions in the developmental scale. The genetic ar- 
rangement here proposed is merely an attempt to classify the cells of this 
group solely on the basis of chromatin immaturity. It does not, therefore, 
necessarily represent the cytogenetic sequence. The histologic evidence at 
present available points very strongly to the lymphocytic origin of most of 
the plasmocytes (Marsehallro, Krompeeher, Naegeli, Jolly, Maximow, Downey), 
although there are a number of investigators who hold a liistogenous origin 
from connective tissue cells such as clasmatocytes, resting wandering cells, and 
adventitial cells (Unna, Ca.ial, Pappenlieim, Marchand, Foa, Turk). Again, 
some observers believe that the plasma cells originate from immature blood 
cells, such as myeloblasts and erythroblasts through aberration and abortion 
(McGowan, Jordan, Dawson and Masur). While most plasma cells seem to 
be derived from mature lymphocytes, there is much evidence to indicate that 
all of the cell types enumerated above may transform to plasma cells which, 
however, do not necessarily acquire the cart wheel nucleus. This indicates that 
plasma cell formation is a reaction which may involve several types of cells, 
more or less closely related among themselves (Downey), and may include 
even the fibroblasts (Unna). 

The various stages in the development of the megakaryocyte and platelets 
are traced in Sector IX. Most primitive is the megakaryoblast (Sector IX, 
Zone 3). Surrounded by a definitely hyaline zone and containing distinctly 
visible nucleoli, its nucleus is marked by a somewhat densely arranged reticu- 
lar chromatin pattern. The cytoplasm is slate gray. This cell develops into 
the typical megakaryocyte (Sector IX, Zone 4), a mature cell of huge dimen- 
sions, with a characteristic multilobulated large nucleus, taking an extremely 
deep stain. The cytoplasm, hyaline in ground substance, contains numerous 
fine purplish-stained granules. Portions of the cytoplasm may be seen break- 
ing off as individual platelets, here called thrombocytes. Normally the mega- 
karyocyte is found in the bone marrow of adult subjects and also in the 
hepatic sinusoids of embryonic organs. The typical thrombocyte consists o 
two distinct parts : the chromomere which is highly refractile and compose 
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of purple granules, and the livalomcrc, taking on a pale blue stain, homo- 
geneous in appearance and extremely flexible. The individual platelets vary 
greatly in size, the average being 3 micra in diameter. They tend to ag- 
glutinate with one another, forming irregular islands on the smear. Fre- 
quently large masses, possessing every property of a typical platelet, are 
found. The thrombocytes are normal constituents of the peripheral blood, 
and occasionally even fragments of megakaryocytie nucleus may be found 
under normal conditions. Pathologically the platelets may be greatly reduced 
(as in thrombocytopenic purpura) or much increased (as in posttraumatie 
hemorrhage and myelogenous leucemia). 

It is, in conclusion, to be emphasized that the foregoing conception is not 
an. attempt to formulate any new theory of hemoeytogenesis. Rather it has 
endeavored only to: (1) systematize the hematologic nomenclature; (2) to 
redefine the various cell types (chosen wholly on the basis of clinical sig- 
nificance) ; and (3) to arrange them in proper genetic relationship according 
to the monophyletie (neounitarian) theory. 
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SOME OBSERVATIONS ON THE COMPARATIVE EFFECTIVENESS 
OF MERCURIAL DIURETICS WITH AND WITHOUT 
THEOPHYLLINE (MERCUPURIN, SALYRGAN, ETC.)* 


Marshall N. Fulton. M.D., Boston. Mass., and A. Hughes Bryan. M.D., 

Chicago. III. 


B ECAUSE of their marked diuretic effect, generally superior to that of 
xanthine compounds, the mercurial diuretics now occupy an important 
place in the treatment of patients with edema. The purpose of this commu- 
nication is to report our early experiences with two new mercurial diuretics. 
(1) mercupurin, which contains theophylline both free and chemically bound 
with a complex organic mercury compound, structurally quite different from 
salyrgau, and (2) a combination of a mercurial diuretic to which free theo- 
phylline has been added in a concentration of 5 per cent. The latter combi- 
nation, which is not available commercially, will be referred to in this paper 
as diuretic X. 

The first of the mercurial diuretics to attain common use, merbaphen or 
novasurol, was found to cause toxic manifestations in patients. Though ex- 
cellent in its diuretic effect, its continued use frequently led to such symptoms 
as salivation, gingivitis, colitis, and proctitis. 1 Johnstone and Keitlr found 
that in rabbits it produced renal lesions identical with those caused by mer- 
curial compounds in common use, although its toxicity appeared to be less 
than that of mercuric chloride when based on the amount of pure mercury 
contained in the two. 

Mersalyl or salyrgan was introduced in this country about 1927. Al- 
though containing a slightly^ higher percentage of mercury than novasurol 
(39 per cent, compared with 33 per cent), it was found to be much less toxic 
to experimental animals and to man, and to have as satisfactory a diuretic 
effect, if indeed not a better one, than novasurol. It has been suggested • 
that the difference in toxicity of the various mercurial compounds depends on 

•From the Medical Clinic, Peter Bent Brigham Hospital, and The Department of Medi 
cine. Harvard Medical School. 
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the chemical linkage of the mercury, with the rest of the molecule rather than 
the actual percentage present. Though isolated reports of ill effects attributed 
to salyrgan have appeared in the literature, 5 * 6 the absence of toxic effects 
following its use has been noted repeatedly. Several reports have appeared" 8 
of patients to whom salyrgan has been administered over a period of five years 
at six- to seven-day intervals without causing any untoward symptoms or 
without diminution of its effectiveness. Tarr and Jacobson 1 encountered only 
two instances of mild stomatitis in a group of patients receiving more than 
3,000 injections of this drug. In thirty autopsies on patients who had been 
given from 3 to 130 c.c. of salyrgan, they found only one instance in which 
the kidneys showed a lesion suggestive of injury from mercury. In this 
laboratory a daily injection for thirty days of 1 c.c. of salyrgan intravenously 
into a dog weighing eighteen kilos produced no untoward symptoms, and the 
kidneys at autopsy showed no abnormality microscopically. The chief dis- 
advantages to the use of salyrgan are (1) its ineffectiveness by the oral route, 
(2) its tendency to cause venous thrombosis and occasional^' necrotic skin 
lesions at the site of injection, and (3) the pain which it causes on intra- 
muscular injection. However, because of its excellent diuretic effect and the 
absence of significant toxic sequellae following its repeated administration, 
salyrgan has become at present a most widely used and popular diuretic drug. 

Is a more ideal mercurial diuretic available? 

A number of complex organic mercury salts have been tried out from time 
to time in the hope of securing, if possible, other compounds of low toxicity 
which have a pronounced diuretic effect. In 1928 v. Issekutz and v. V e «li 0 
reported on the comparative value of a group of mercurial compounds, study- 
ing the diuretic action of these substances in rabbits and their toxicity in rats 
They found that their preparation No. VI, when combined with theophylline 
yielded the best results. In this form it increased the urine flow in rabbits 
considerably more than either salyrgan or novasurol and was relatively non- 
toxic. 


A combination similar to, if not identical with, this last drug has been 
in use for several years in European clinics under the name of novurit and has 
been introduced recently in this country as mercupurin. Chemically this sub 
stance is distinctly different from salyrgan as shown bv the formulas- 


/\ 

i [ COXH - CjH,. (0CII 3 ) (HgOH) 

| jo- CH. - COONa 

\/ 

Salyrgan. 

CH, 

CII.— Cy-COOXa 

■ I 

C (CH,). 

cii. — cn — CO — XII — OH. — CH CH. ii 


OCIIj 

Vorcupurin. 


CH, — X — CO 

„ ! I 

x — c x - cii. 


CH 

I 

X- 


ll w 

C — CO 



1254 


THE JOURNAL OP LABORATORY AND CLINICAL .MEDICINE 


The mercurial salt of mercupurin contains 41 per cent, mercury. An impor- 
tant difference between salyrgan and mercupurin is that the mercurial salt 
of the latter has hound with it chemically 3.5 per cent of theophylline. To 
this is added 1.5 per cent of free theophylline. Reports in the European 
literature vary as to the effectiveness of this drug in comparison with salyrgan 
and novasurol. Thus, some authors have found it at times more effective, 10 ’ 11 
while others have reported no marked difference. 12 ’ 2 It has been given re- 
peatedly both intravenously and intramuscularly without causing toxic effects. 
Hahn 3 reported freedom from pain in patients following intramuscular injec- 
tion of novurit (mercupurin) and a greater diuresis than with salyrgan during 
the first four hours. The twenty-four-hour output, however, was not essen- 
tially different with the two drugs. Crawford 15 has studied recently the com- 
parative effectiveness of salyrgan and mercupurin in a group of edematous 
patients, finding mercupurin the more efficacious of the two in the majority 
of cases, though not in all. 

DeGraff and others 10 found in cardiac patients that the diuretic effect of 
mercupurin is greater than that of mercurial diuretics not containing theophyl- 
line. They attribute this superiority chiefly to the presence of theophylline. 

The other preparation used in this study, diuretic X, was a recognized 
mercurial diuretic to which was added theophylline in the strength of 5 per 
cent, an amount comparable to that contained in mercupurin. 

Certain considerations favor the addition of a xanthine compound to a 
mercurial diuretic as in mercupurin and diuretic X. In the first place the 
contention is advanced by some that these two types of drugs have different 
modes of action, the mercurial diuretic affecting chiefly the storage of water 
in the tissues and the other acting directly on the kidneys. Second, investiga- 
tors, who believe that both types affect the kidneys predominantly, have 
presented evidence suggesting that salyrgan acts by decreasing tubular re- 
absorption, whereas theophylline causes diuresis by increasing glomerular 
filtration. If either of these arguments is valid, a combination of the two 
drugs might yield a preparation of considerable diuretic potency. Thus Herr- 
mann and others 13 have advocated the administration of salyrgan along with 
various xanthine diuretics to obtain a maximum urine output in patients with 
cardiac edema. Last, A'. Issekutz and v. Vegh® felt that such a preparation 
should be less painful to patients when injected intramuscularly than solu- 
tions of the mercurial compounds alone, because the weakly acidic properties 
of theophylline would neutralize the alkaline reaction resulting from the 
lijdlrolysis of the complex mercurial salt. 

During the past year we have observed the action of these two theophyl- 
line-containing diuretic mixtures, comparing them with salyrgan in hospital- 
ized patients and experimental animals. We have been particularly interested 
in their diuretic potency, in the pain which they occasion when injected intra- 
muscularly into patients, and in the skin reaction following their injection 
subcutaneously into animals. The results of this study are presented below. 

»We wish to express our thanks to the Campbell Products. Inc., 79 Madison 
Vork N Y.. tor the mercupurin and to the Winthrop Chemical C’o., Inc.. liO 
New York N. Y-, tor the salyrgan used In these studies. 
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OBSERVATIONS IN PATIENTS 


1. Mercupurin and Salyrgan . — The plan of observation with patients, all 
of whom had edema due to heart failure, was to alternate the diuretics at 
intervals of three to five days. The subjects were observed first for several 
days for any evidence of spontaneous diuresis or of that due to digitalis be- 
fore the diuretics were given. All of them received digitalis as their clinical 
condition indicated during their stay in the hospital, and the majority received 
1.0 gm. of ammonium chloride three to four times daily. Not all patients of 
this type are entirely satisfactory for determining the comparative effective- 
ness of different diuretics. The most satisfactory measurements are to be 
had in those with marked or chronic edema who require not two or three but 
a dozen good diureses before the edema disappears. Even if a carefully con- 
trolled regime with measured and evenly distributed intake of food and fluid 
is carried out, the extent of the edema will influence considerably the response 
to a diuretic. Frequently the patient may have a brisk diuresis the first time 
a diuretic is given and will lose sufficient edema so that the same dose of the 
same drug given several days later will not induce a comparable diuresis. 
Last, to avoid presenting a mass of data we have tabulated the average urine 
output for a given dose of a drug when that drug was given more than once 
to a patient. Such a method of tabulation is open to criticism, for in instances 
where a marked diuresis is followed by a relatively slight one, the average 
might be conspicuously lowered by the second result. All of these facts must 
be considered in evaluating the data at hand. 

The results are presented in Table I. It will be noticed that there are spe- 
cific instances in which mercupurin caused a significantly greater urine output 
than salyrgan, while in others the opposite was the case. The general impres- 
sion created during the time these observations were made was that the two 
preparations were about equally efficacious in causing diuresis. Neither one 
produced any definite signs of kidney damage, as judged by the urine, by 
phthalein excretion or by nitrogen retention, nor did either one lead to other 
signs of mercurial intoxication. The few times that mercupurin was given 
intramuscularly it caused pain which seemed to be of no less degree tlioimh 
shorter in duration, than that usually caused by salyrgan. The°diuretic re 
sponse to intramuscular injection was adequate though somewhat less than 
that following administration by the intravenous route 


2. DmreUc X and Salyrgan .- In the study of diuretic X in this clinic more 
attention was paid to determining the amount of pain it caused when iniected 
intramuscularly than to a comparison of its diuretic action with that Tf 
salyrgan. Inasmuch as this preparation did not cause a ci m ,„i, • •, 

rabbits, when injected intra- or subcutaneously (see below') if & ff ° gS and 
intramuscular injection might be a painless P fe ’u; 

>° '» «■*. The patients explained on the „“„le aitoj, 1 "Vf* n0 ‘ 

discomfort following diuretic X as from that foil™ • muc 1 fiom the 

„,e f ra,, ™ sm - 

be compared, no greater diuresis was evident f, tn '° dni £ s could 

• CMdent fiom the presence of theophyl- 
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line in diuretic X (Table Tl). It was our impression that the responses to 
diuretic X were in no way superior to those obtained with salvrgan. 

OBSERVATIONS IN ANIMALS 

The comparative action of the three diuretics was measured in normal dogs 
and rabbits by administering these preparations to the animals at intervals 

Tar of. I 

Average Diureses Following Mercupurin and Salvrgan in Sixteen Patients With Edema 

of Cardiac Failure 


MERCUPURIN SALVRGAN 


PATIENT 

NO. OF 

OBSERVA- 

TIONS 

AVER. 

’4-hour 

NO. OF 

OBSERVA- 

TIONS 

AVER. 24-HOUR 

DOSE 

INTRAVEN- 

OUSLY 

FLUID 

INTAKE 

C.C. 

URINE 

OUTPUT 

C.C. 

FLUID 

INTAKE 

C.C. 

urine 

OUTPUT 

C.C. 

1 

5 


3,915 

4 

790 

3,215 


2 

2 


— 

3 

1,100 

3,250 



3 

1,000 


•} 

«> 

950 

2,900 


3 

4 

1,175 

G,935 

4 

1,1 G5 

G,155 



3 

1,000 


4 

1,000 



4 

«J 

1,170 

4,530 

4 

1,0S0 

4,450 


5 

2 


2,350 

4 

1,150 

2,GS0 

1 C.C. 

6 

i 

- 


o 

- 


1 C.C. 


o 

- 

4,025 

3 

- 

4,CG0 

2 c.c. 

7 

i 

1,500 

o.y i y 

O 

1,100 

3,300 

1 C.C. 


i 

■/ ' ■ 


1 

1,050 

3,250 

2 c.c. 

S 

i 

B] j ! 

7,110 

.1 

1,500 


1 C.C. 

9 

i 



o 

1,700 

4,47;> 

1 C.C. 


3 

HP ! ! 


o 

1,150 


1 C.C. 


1 

1,200 


2 

1,250 


2 c.c. 

11 

1 

1,000 


l* 

900 

2,720 

1 c.c. 

12 

1 



l* 



1 c.c. 

13 

1 



l' 

■ 

4,950 1 

1 c.c. 

14 

1 



1* 


Mg 

1 c.c. 

15 

1* 

eI 1 Sr wE 


1 

1,450 

■ 

1 c.c. 

1G 

1 



1* 



1 c.c. 


‘Indicates drug given first. 


Table II 


Average Diureses Following Diuretic X and Salygran in Six Patients With Edema of 

Cardiac Failure 


DIURETIC X 

SALVRGAN 


NO. OF 

OBSERVA- 

TIONS 

AVER. 24-HOUR 

NO. OF 
OBSERVA- 
TIONS 

AVER. 24-IIOUR 


PATIENT 


■ H 



DOSE 

1 

i* 

750 

1,950 

i 

700 

2,000 

1 c.c. i.m. 

o 

u 

i 

1,300 

1,400 

i* 

1,S00 

3,000 

] c.c. i.v. 

3 

l- 

1,200 

2,700 

i 

1,200 

2,400 

2 c.c. i.m. 

4 

i* 

1,100 

3,500 

o 

1,350 

1,950 

2 c.c. i.m. 

5 

i 

450 

1,300 

2* 

1,100 

2,300 

2 c.c. i.m. 

6 

i* 

1,100 

1,300 

i 

GOO 

1,750 

1 c.c. i.m. 


♦Indicates drug given first. 


of three to seven days. The animals were kept on a constant diet and ""-ere 
allowed water ad libitum until two hours before the diuretic was given. Food 
was withheld on the day that the measurements were made. The urine was col- 
lected in metabolism cages during a six-hour period. The diuretic was given at 
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the end of the second hour so that its effect ivas observed tor lour hours, at the 
end of which time the bladder was emptied by catheter. As a control, the 
same procedure was carried out on otlrer days without administering a 
diuretic. This method affords a satisfactory, though somewhat rough, basis 
for comparing the effects of diuretics when given repeatedly to the same 
animals. The urine was measured as to volume and chloride content. To 
obviate chloride depletion, which will occur from repeated drug-induced 
diureses, an amount of sodium chloride containing slightly more chloride than 
that excreted in the urine was administered by stomach tube following the 
six-hour period of urine collection. 

The results are shown in Table III. It was found in rabbits that mer- 
enpurin increased the urine volume 3 to 3y 2 times that observed in control 


Table JII 

Uwsv. and Culoridf. Output in IUbgits and Dogs for a Six- Hour Period During 

Fasting State 


no. or 

EXPERI- 

MENTS 

NO. OF j 
ANIMALS 

AVERAGE 

URINE 

VOLUME 

C.C. 

AVERAGE 

URINE 

chloride 

MG. 


Rabbits 

48 

14 

18 

15.6 I 

Controls 

13 

9 

35 

127.0 

Salyrgan 0.2 c.c. i.v. 

8 

4 

24 

54.0 

Salyrgan 0.2 c.c. i.m. 

11 

8 

50 

208.0 | 

Mercupurin 0.2 c.c. i.v. 

8 

4 

65 

262.0 

Mercupurin 0.2 c.c. i.m. 

11 

8 

83 

216.0 

Diuretic X 0.2 c.c. i.v. 

7 

5 

84 

301.0 

Diuretic X 0.2 c.c. sub. cut. 

7 

5 

73 

284.0 

Salyrgan 0.2 c.c. i.v. plus Theophylline 





10 mg. sub. cut. 

Dags 

7 

2 

64 

35.4 

Controls 

7 

2 

143 

933.0 

Salyrgan 0.75 to 0.8 c.c. i.v. 

7 

2 

188 

1,650.0 

Mercupurin 0.75 to 0.8 c.c. i.v. 

9 

3 

1 199 

1,723.0 

Diuretic X 0.75 to 0.8 c.c. i.v.' 


experiments, and the chloride output 13 to 17 times. Salyrgan was less effec- 
tive in rabbits, augmenting the urine output only from 18 c.c. to 24 c.e. (when 
given intramuscularly) and to 35 c.c. (when given intravenously). This dif- 
ference in the response of rabbits to the two drugs may be due largely if not 
entirely, to the presence of theophylline in the mercupurin. Rabbits respond 
to theophylline with a good dinres'-sd’ In fact the largest diuresis observed 
in these animals occurred with the combination containing free theonhvlli™ 
in the form of diuretic X. With this preparation the urine volume exceeded 
the control by four to four and one-half times. This occurred following both 
the intravenous and subcutaneous administration of the dnm 
when 10 mg. of theophylline (the amount contained i, 0 I 
or diuretic X) were given subcutaneously alon - Zt 0 * c c of ° 
venously. the resulting diuresis was definitely greater than thatTlV”^' 
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effectiveness of combining' the mercurial diuretics with theophylline. How- 
ever, the fact that diuretic X did not prove to be superior to salyrgan or mer- 
cupurin in human beings emphasizes tiie inadvisability of judging the value 
of a drug of this type in human beings solely from its action in rabbits. 

In dogs the response to the three preparations is shown in Table III. 
Here, again, the mercurial diuretics in combination with theophylline pro- 
duced a greater output of urine and chloride than did salyrgan alone. The 
urine excretion was three times, the chloride output nearly fifty times that 
observed in the control experiments, whereas with salyrgan alone the output 
was increased only 2.2 and 2f> times, respectively. 



One of the untoward events in the use of the mercurial diuretics, as noted 
above, is the occasional production of lesions at the site of injection due to the 
accidental leakage of the fluid into the skin. We have studied the effect of 
salyrgan, mercupurin, and diuretic X when injected intracutaneonsly m ani- 
mals in doses of 0.05 to 0.1 c.c. The findings may be summarized by saving 
that the reaction following salyrgan is somewhat more intense than that pro- 
duced with mercupurin, although both cause a definite necrotic lesion. With 
salyrgan there is more commonly sloughing of the overlying skin with a re- 
sulting open sore, whereas mercupurin usually produces an indurated lesion 
,'itli a scab formation in the center. The usual precautions, therefore, that 


w 


are taken to avoid slough formation in the administration of salyrgan need 
to he observed in the use of mercupurin, 
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The localization and disappearance of mercury at the site of injection into 
the skin of a rabbit’s ear can be followed by x-ray photographs. This is illus- 
trated in Fig. 3. Immediately after the injection of salyrgan the lesion casts 
a sharply outlined shadow which is still plainly visible at the end of three 
hours. With mercupurin the shadow cast just after injection is more diffuse. 
It tends to disappear promptly so that in three hours there remains only an 
ill-defined area of increased density. 

There was a very striking absence of slough formation in animals fol- 
lowing the subcutaneous injection of diuretic X. This preparation in amounts 
of 0.05 to 0.1 c.c. was injected into or under the skin forty-one times in five 
rabbits and several times in dogs. In no instance did a definite slough form. 
The usual. lesion produced was an area of erythema and edema 0.5 to 1.5 cm. 
in diameter, which disappeared within twenty-four to forty-eight hours. A 
possible explanation of this apparent “protective” action of theophylline is 
that offered by v. Issekutz and v. Yegh, 0 who felt that the theophylline neu- 
tralized the alkaline reaction produced by the hydrolysis of the complex 
mercury salts in watery solution. From the x-ray photographs taken follow- 
ing the injection of diuretic X (Fig. 1) it is apparent that this substance is 
not sharply localized at the site of injection as in salyrgan and, moreover, dis- 
appears rapidly, indicating that it is absorbed promptly. 


summary 


The purpose of this communication is to report our observations on the 
effectiveness of two mercurial diuretics containing theophylline compared 
with salyrgan. The first of these, mercupurin (novurit), contains theophylline 
in both free and combined form, the usual dose of 1 c.c. supplying approxi- 
mately 50 mg. of theophylline. As far as can be judged from its use in a 
group of sixteen hospital patients with edema of cardiac failure, mercupurin 
is quite as effective as salyrgan in increasing the output of urine. In specific 
instances it produced a distinctly greater diuresis, possibly due to the added 
effeet of theophylline. In other instances, there was no evident superiority 
of the one preparation over the other. It is not a new experience to find one 
diuretic more effective than another in a given individual, and further use of 
these drugs will doubtless reveal instances in which better results may be 
obtained with mercupurin than with salyrgan and vice versa. The other 
preparation, diuretic X, containing theophylline which merely lias been added 
to an active mercurial diuretic, and which is not available commercially 
showed no advantages over salyrgan in six patients. All three of these drugs 
were equally irritating when injected intramuscularly hi patients; in animals 
those containing theophylline were less irritating. ’ 

Both of the theophylline-containing drugs induced a somewhat greater 
excretion of urine and chloride in rabbits and dogs than did salyrman This 
fact again would appear to he related to the aclrlod „ ,, c , 1S 

" dinre,ic ” ,iM ' The ^ J’m P S”r 
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effect of mercupurin and diuretic X in animals emphasizes the inadvisability 
of judging the efficiency of a diuretic drug solely from its action in experi- 
mental animals. 

Clinically no preference for any one of these three diuretics, salyrgan, 
mercupurin, and diuretic X, has been demonstrated. 
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EXPERIMENTS WITH EVIPAL IN PROLONGED ANESTHESIA* 


A. H. Maloney, Pii.D., M.D., and R. Hertz, Ph.D., Washington, D. C. 


T HE need for a variety of nonvolatile anesthetics for surgery of short dura- 
tion has been claimant. Evipal, the sodium salt of n-melhyl cyclohexem 1- 
metliyl barbituric acid, is one of the newer products of synthetic chemist iy 
designed to meet this need. It occurred to us that this hypnotic agent might also 
be rendered adaptable for use as an anesthetic for surgery of long duration. 
This report presents results which we have obtained on the use of evipal foi 
prolonged anesthesia in rabbits and dogs. 

Technic . — The animals were deprived of food for twenty-four horns pic 
ceding the experiment. The usual aseptic measures were employed whenever 
surgery was performed. An initial anesthetizing dose was given eithei m in 

•From the Department of Pharmacology, Howard University School of Jfe(h cine - 
Keceived for publication, March 2, 1035. 
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peritoncally or by the slow intravenous method to the rabbit and intraperi- 
toneally to the dog. The intrapcriloncal method is similar in effect to the slow 
intravenous method but more uniform in action. In most instances the main- 
tenance doses were given intravenously. A 5 per cent or 10 per cent aqueous 
solution of evipal was freshly prepared for each seance and administered at body 
temperature. 

Two types of experiments were performed both with the objective of deter- 
mining the possibilities of effective prolonged anesthesia, using fractional parts 
of the initial anesthetizing dose either at regular intervals or p.r.n. 

In one type no surgery was done. Effective anesthesia was determined by 
response to pain from pinching the tip of the tail or pricking the animal at 
various sensitive points with a sharp needle. In the other type various surgical 
operations were performed. Two typical protocols for the rabbit and two for 
the dog are presented. 

Exper. 1. Evipal 5 per cent solution 
Male Babbit, 2,300 grams 
8:45 a.m. 100 mg-Ag- initial (lose, intravenously 
8:50 A.M. Surgical anesthesia 

9:05-10:35 A..M. 50 mg. q. ten minutes, intravenously 

10:35 a.m. Bespiration stopped; 5 mg. picrotoxin intravenously; prompt return of 
respiration 

10:45 a.m. 50 mg., intravenously, respiration twenty-nine per minute 
11:00 a.m. 100 mg., intravenously 
11:15 a.m. 100 mg., intravenously 
11 :25 a.m. 50 mg., intravenously 
11:35 A.M. 100 mg., intravenously 
11:40 A.M. 100 mg., intravenously 
• 11:50 a.m. 100 mg., intravenously 

12:00 m. 300 mg., intraperitoneally. Surgical anesthesia continued until after 1:00 
p.M. Following morning, living and well 


Iii this experiment good surgical anesthesia was maintained during a period 
of more than four hours. No surgical measures were undertaken, but observa- 
tions of the behavior of the animal were recorded. The arterial blood as 
observed in the vessels of the ear, became slightly venous in color during’ the 
injection of the initial anesthetizing dose. Respiration which at the start was 
shallow became gradually deeper. In addition to response to pain changes in 
rhythm and rate of respiration were cardinal signs either of escape from anes 
thesia or approach toward the danger zone. As time progressed the periods for 
symptomatic dosing grew more protracted. When the respiration came to a ' 
standstill, while evipal was being injected, picrotoxin was administered anti 
dotally, and wc observed a distinct clearing 0 f the color of the arterial blood and 
improvement in the condition of the animal In odditim, +i,„ ana 

of the signs of transitory respiratory emtam™ to s “ . abwa ? ce 

jeelions with no lessening of the decree of mcstlmc’ mi ? Seqilcnt cvipa ^ in- 
gested the rationality of the use of pimotoxin ' i ^.observation sug- 

just before or following the initial anesthetizing dos P T 11 a ? tlC mcasuve cither 
few eases with good results. Zm8 d ° Se ° f c "P al - tried it in a 
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Exper. 7. Evipal 10 per cent solution 
Female Babbit, 8,700 grams 

8:20 r.M. 110 mg.Ag. intravenously, initial dose 
3:25 r.M. Surgical anesthesia 

3:25-3:40 p.m. Trachea and carotid artery cannulated and made ready for respiratory 
and pressure tracings 

4:00 r.M. 200 mg. intravenously, total dose — record 

4:15 r.M. 100 mg. intravenously, total dose — record 

4:35 r.M. 100 mg. intravenously, total dose — record 

4:45 r.M. 100 mg. intravenously, total dose — record 

5:00 r.M. 100 mg. intravenously, total dose — record 

hysterectomy performed 
5:25 r.M. Sacrificed 


This experiment demonstrated the successful performance of a prolonged 
surgical operation under evipal anesthesia. Throughout the exercise there was 
good anesthesia and good relaxation. 

The tracing of the blood pressure record showed a slight inconsequential 
fall during each fractional injection. The experiment was of two hours’ dura- 
tion. 


Exper. 2. 
Male Dog, 
11:45 a.m. 
12:50 r.M. 
1:30 r.M. 
1:35 r.M. 
1:38 r.M. 
2:00 p.m. 
2:40 p.m. 
3:25 r.M. 
4:30 r.M. 


Evipal 10 per cent solution 
11.5 kilos 

50 mg./kg. subcutaneously 
Vomits, ataxic, staggers 
45 mg.Ag- intraperitoneally 
Narcosis, muscles relaxed 
Anesthesia 

20 mg.Ag., deep depression 
20 mg.Ag-, deep depression 
15 mg.Ag-, deep depression 

Gross reflexes returning. Returned to cage; following morning apparently 
well; eating. Duration of surgical anesthesia two hours fifty minutes 


This experiment demonstrated the slowness of the rate of absorption when 
evipal is administered subcutaneously, an observation which we have previously 
reported. 1 A 50 mg./kg. dose, which, given intraperiton tally would cause an- 
esthesia in five to ten minutes, given subcutaneously produced simply stupor, 
incoordination and staggering. The duration of anesthesia was two hours and 
fifty minutes and recovery was complete. 


Exper. 1. Evipal 10 per cent solution 
Male Dog, 19.4 kilos 
9:30 a.m. 50 mg.Ag. intraperitoneally 
9:35 A.M. Prostrate, muscle tone lost 
9:42 a.m. Surgical anesthesia 

9:50 A.M. 15 mg.Ag- intraperitoneallv, anesthesia maintained 
9:57 A.M. 15 mg.Ag- intraperitoneally, anesthesia maintained 
10:00 a.m. Femoral vein dissected out, good anesthesia 
10:05 a.m. Hypopliysectomy by parapharyngeal approach 
10:35 A.M. 10 mg-Ag- intravenously 
11:15 a.m. 10 mg.Ag- intravenously 
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11:40 a.m. 10 ing-Ag- intravenously 
12:10 p.m. Died; hemorrhage into lungs 


In this particular experiment a difficult operation was undertaken. An a - 
tempt was made to perform a hypopliyscctomy by the parapharyngeal approach 
Unfortunately the animal died from hemorrhage, the anesthetic playing no part. 
The operation lasted two hours and twenty-eight minutes during which time an- 
esthesia was smooth and uneventful. In Table I we have listed the dosages with 
effects on the individual rabbits and dogs used in this group of experiments. 


Table I 


xo. 1 

WT. 
ix ! 
KG. 

INITIAL 

DOSE OP 
EVIPAL ' 
MG. /KG. 

total I 

DOSE ' 
IX MG. 

total 

DOSE 

EVIPAL 

MG./KG. 

duration j 

OF 

j ANESTHESIA j 
IX 

j MINUTES 

REMARKS 


A — Babbits 


~ 1 1 

2.3 

100 j 

1030 

447 

195 

Picrotoxin restored arrested res- 
piration ; complete recovery 

■ 

19 

200 j 

875 

350 

170 

Complete recovery 

■ 


21 

375 

158 

70 

Sacrificed following acute experi- 
ment i 

4 

2.24, 

68 

914 

i 

408 

290 

Picrotoxin given following initial 
dose of evipal. Complete re- 
covery 

5 



490 

192 

127 

Dosed symptomatically. Complete 
recovery 

6 


57 

515 

236 

127 

Picrotoxin restored arrested res- 
piration; complete recovery 

■ 

| 

■ 

■ 


■fl 

Picrotoxin given preanesthetically. 
Trachea and carotid artery 
cannulated and hysterectomy 
j performed, sacrificed 


B — Dogs 


1 1 

19.4 I 

31 

mi 

113.4 

148 

Acute experiment hypophysectomy 

2 

11.5 

43 

1580 

137.4 

217 

Good anesthesia throughout, sur- 
vived complete recovery 

2(a) 

11.5 

43 

900 

78.2 

172 

Used three days after; survived, 
complete recovery 

3 

15 j 

“ 

1650 

110 

62 

Acute experiment tracheotomy and 
carotid artery, cannulated, sacri- 
ficed 

4 

13 

46 

1700 

130.7 

212 

Given 6 mg. picrotoxin while in 
deep depression, good effect, 
complete recover}- 


DISCUSSION 

These figures reveal the fact that the dog shows considerably less tolerance 
to evipal than the rabbit, the optimal anesthetic dose being 50 per cent less per 
kilo of body weight. The duration of action of the initial anesthetizing dose is 
longer and the maintenance doses are correspondingly smaller. This°lessened 
tolerance finds expression in a graded reduction of optimal dosage requirements 
as one ascends the evolutionary scale in the development of the central nervous 
system, the recommended anesthetizing dose for man being about 10 mg.Ag 
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Regarding the effect of evipal on the blood pressure and respiration as re- 
vealed by Icy rnographic records: during each injection the pressure in the carotid 
artery registers a fall below the preceding figure, the degree depending upon the 
rate of injection. Upon the cessation of the injection, however, it begins to 
make a gradual return but always stops just short (1 to 3 mg. Hg) of the ante- 
cedent level. Synchronously with the fall in blood pressure the respiration 
becomes slower and shallower, the volume tending to right itself without any 
significant increase in the rate. When death occurs, it is due to failure of respira- 
tion, since the heart continues to beat for a time with gradually diminishing 
effectiveness while the blood assumes a distinctly venous color. These eventu- 
alities could be avoided by use of the slow intravenous method and with the 
patient in the Fowler position. 

In our first rabbit experiment we encountered a stoppage of respiration. 
Whether or not this condition would have corrected itself we do not know, but. 
spontaneous respiration immediately followed picrotoxin injection. This ex- 
perience was suggestive of the feasibility of picrotoxin prophylactieally. It was 
tried both before and following the initial anesthetizing dose of evipal with 
uniformly good results. When so used, it prevents sudden paralysis of the 
respiratory center, resulting from too rapid intravenous injection. It also pre- 
vents the sudden drop in blood pressure from the same cause. We recommend 
that picrotoxin he routinely available whenever evipal is being employed for 
purposes of anesthesia. Respiratory depression and fall in blood pressure when 
not critical, but below the desired therapeutic level, may be overcome by an in- 
jection of mctrazol, Jackson.- In several experiments, not here reported, we 
have substantially confirmed Jackson’s observation using either coramine or 
metrazol. However, respiratory embarrassment is frequently peripheral, due 
to mechanical stoppage of the air passage. We frequently found it necessary 
to keep the tongue forward by continuous traction with a hemostat. 

Evipal occasionally produces symptoms of excitement when given sub- 
cutaneously or even intraperiloneally in small doses. But when given intra- 
venously the interval between introduction and narcotic action is too short for 
detectable signs of excitement. In this respect, viz., speed of action, evipal differs 
from pemocton, amytal, and nembutal. In man, due to a longer course of the 
systemic circulation, the time interval is longer, hence excitement might con- 
ceivably occur in rare instances. A few such instances have been recorded 
Baetzner 3 attributes such induction excitement to underdosage. The Anesthetic 
Committee of the Medical Research Council 4 states that such conditions ‘ have 
been seen only in unusually emotional subjects.” 

While evipal has established itself as a satisfactory agent, for anesthesia 
of short duration, the above experiments have convinced us that it also has 
possibilities as an agency in the production of prolonged anesthesia. It was 
therefore most interesting to note during the preparation of tin's report ia 
Baetzner 3 has tried fractional doses to prolong the period of anesthesia wif i 
no deleterious results. 
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SUMMARY 

The results of experiments with evipal in the production of prolonged an- 
esthesia on rabbits and dogs are presented. 

1. Seven rabbits were kept under good surgical anesthesia with or without 
operative procedures for periods of 195, 170, 70, 290, 127, 120 minutes, re- 
spectively. 

2. The total dose of evipal administered fractionally to each rabbit in 
riig./kg. was 447, 350, 158, 508, 192, 236, 270. 

3. Four dogs (one used at two different times) were kept under good sur- 
gical anesthesia with or without operative procedures for periods of 14S, 215, 
172, 62, 212 minutes, respectively. 

4. The total dose of evipal administered fractionally to each dog in mg./kg. 
was 113.4, 137.4, 78.2, 110, 130.7. 

5. No untoward after-effects were observed in those animals that were not 
subjected to surgical procedures. 

6. Pierotoxin used before or following the initial anesthetizing dose widens 
the margin of safety. 

7. Gross observations and graphic records are discussed. 
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STUDIES ON THE EFFECT OF THE ADMINISTRATION OF 
CAROTENE AND VITAMIN A IN PATIENTS WITH 
DIABETES MELLITUS* 


I. The Effect of the Oral Administration of Carotene on the Blood 
Carotene and Cholesterol of Diabetic and Normal Individuals 


Elaine P. Ralu. M.D., Harold Brandai.eone. M.D., and 
Theodore Mandeluaum. M.D.. New York. N. Y. 


T HE presence of carotene in the blood was established as early as 1913 by 
Van den Bergh and Snapper. 1 In 1939, Hess and Meyers 2 defined the state 
of an increase of carotene in the blood as earotinemin. Since then the condition 
has been reported clinically by several observers 3, 5 and particular attention lias 
been called to its presence in patients with diabetes. 0 ' '' 8 Rnbinowitcli 5 lias 
suggested that a high blood cholesterol is related to an increase in blood carotene. 
The importance of carotene in nutrition has been given prominence because of 
the fact that it is the outstanding precursor of vitamin A. That carotene will 
cure vitamin A deficiency has been definitely established by Moore 10 and others. 
Apparently in the body it is converted by vitamin A by the liver. 10 In view of 
these facts and because of the tendency for a high blond carotene in the diabetic 
patient, the relative effect of the oral administration of carotene in oil and of 
carrots on the blood carotene and cholesterol of normal and diabetic individuals 
Avas investigated. 

l’RO CEDE RE 


The nondiabetic patients Avere giA-en constant diets containing no eggs or 
carrots. At the end of several Aveeks, during Avliich the blood carotene Avas 
determined at intervals, each subject received 20 c.c. of a 0.3 per cent solution 
of carotenef in oil. In A'ieAv of the fact that carotene is best absorbed AA’ben 
given Avith a certain amount of fat, it Avas administered Avith 20 gm. of lard 
spread on tAvo slices of Avlnte bread. At the same time the patient Avas given 
200 c.c. of coffee Avith 30 gm. of glucose. This meal was adopted so that a known 
amount of carbohydrate could be given the diabetic patients. When carrots Avere 
used, 200 gm., cooked to the point of softness, Avere given Avith the same break- 
fast. Blood Avas then taken at intervals of 1, 3, 5, 10, 24, 30, 48, and 96 boms. 
After the five-hour specimen, the patient Avas fed the same type of diet which 
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lie had received during the preliminary period. During flic remainder of the 
observational period he was fed at the usual intervals. Further specimens of 
blood were taken one week and in some eases two weeks after the original dose 
of carotene. As it. soon became apparent that the blood carotene did not change 
within the first three hours, the one-hour sample was omitted in subsequent 
experiments. 

Blood serum was analyzed for carotene by the method of White and Gordon 11 
in which carotene, extracted from the serum, is matched against solutions of 
dichromate, so standardized that a 0.2 per cent solution of dichromate represents 
100 dichromate units. Blood cholesterols were done by the Bloor colorimetric 
method, 12 in Cases 1 to 9 inclusive on whole blood and in the remaining cases on 
blood plasma. Whole blood was used in the earlier curves to avoid withdrawing 
excessive amounts of blood. 

For the study of the effect of carotene on the diabetics, patients were chosen 
of about the same age groups as the normals, with both moderate and severe 
forms of the disease. The fasting blood carotene was established on a known 
diet of carbohydrate, protein, and fat from which carrots and eggs were omitted. 
On the morning of the test, the patient received the same breakfast and the same 
amount of carotene in oil or carrots as the normals. In some eases insulin was 
given before and during the period of observation, in others it was omitted as 
indicated in tlic tallies. The carotene, cholesterol, and sugar of the blood were 
determined at the same intervals of time. All the diabetic patients received 
carrots and carotene in oil, and when possible, both with and without insulin. 

Blood sugars are not reported as they bore no relationship to the blood 
carotene. 

RESULTS 

Table I summarizes the subjects studied and gives the average fasting 
Wood carotene and cholesterols before any carotene was administered. The state 


Table I 
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w 

w 

C 

ft 

ft 

ra 

3 

ft 

£ 

a 

ft 

ft 

1 

E- m 

K ft 
ft ft 

Bg 

AVER 

FAST 

AGE 

3KG 

6. 

O 

p £ 

3 5 

ft ft 

diet IX 
graais 

INSULIN 

UNITS 

w 

© 

ft 6 

o Z 

L 

I 2 

O * 

ft 

Eh 

ft 

ft 

w 

2 

g 

K 

E- 

o 

ft 


£h 

W 

ft 

M 

ft 

O 

& 

ft 

ft 

ft 

ft 

ft 

3 

ft 

*2 

£ 

A. G. 

B. R. 

A. C. 

M. E. 

P. S, 

H V 

8 

0 
10 
n 
j 1 

At 

M 

M 

>1 

At 

47 

45 

48 
40 
05 

127 

120 

140 

100 

104 

05 

OS 

70 

60 

00 

.318 

.210 

.337 

.207 

.337 

272. 

204. 

211. 

241. 

251. 

7 years 

3 months 
0 months 
3 years 

7 years 

1 

Go 

75 

To 

0 5 
75 

85 

So 

So 

So 

85 

15 

20 

30 

10 

n 

~7T 

0 

10 

0 

o 

lo- 

ir, 

25 

5 

m 

p. i'\ 

1 ° 

M 

m 

ir»i 

141 

Gy 

62 

KM 

158. 

170. 









«1. C. 

1 ** 

M 

4S 

joo 

05 

.loo 

100. 








C 

i -I. E. 

1 4 

M 

44 

148 

00 

•10S 

3 nr,. 








Ys 

S. K. 

r» 

M 

ho 

152 

04 

.l.v, 

17° 








- 

. W.MrP 

! o 

! M 

! 54 

15S 

70 

.054 

I0.T 





























































UAUA ET Ah. : CAROTENE AND VITAMIN A 


3269 


of nutrition may be estimated from the heights and weights of the patients. In 
a study involving an essential food, such as vitamin A, it is important that the 
subject be in good health so that the vitamin or its precursor is not required 
to satisfy some nutritional deficiency. Tables II and III show the effects, on the 
blood carotene and cholesterol of normal individuals, of a .3 per cent solution 
of carotene in oil and 200 gm. of carrots. Tables IV and V give the results on 
the diabetic patients. 

The fasting blood carotene was consistently higher in diabetics than in nor- 
mals. The one exception to this was Case 14, whose average fasting carotene 
was .133 mg, per cent. In an earlier series of observations 13 the average fasting 
blood carotene in normals was found to be .109 mg. per cent, in diabetics .262 
mg. per cent. Following the administration of carotene in oil to the nondiabetics 
there was a rise in the blood carotene which tended to reach a peak after twenty- 
four hours. In two cases this occurred eai’lier, in four eases it was delayed to 
thirty hours or more. At the end of ninety-six hours, the fasting carotene was 
at or only slightly above the original level in nine of the twelve experiments. 


Table III 


Effect of 200 cn. of Carrots ox Blood Carotexe axp Cholesterol of Normal Individuals 
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The curves for the normals after both earotene and carrots show a certain con- 
stancy, In the diabetics the responses were much less regular. Starting at a 
higher level there was in most of the eases a more precipitous rise, which became 
evident within the first ten hours in six experiments. This was followed by a 
definite drop, and in three experiments by an even greater rise at twenty-four or 
thirty hours. The absolute rise was greater in the diabetic patients after 
earotene and carrots. This bore no relation to the severity of the disease but the 
patients who had the disease longest tended to have the greatest rise in hi d 
carotene after receiving carotene in oil. ° 00 

Carotene in oil or carrots was administered more than once to certain sub 
,ects m the diabetm and nondiabetic groups. I„ the normals (see Tables' 
II and III), the second administration of carotene was not usuallv fniln , 
as great a rise in the blood earotene level as it was , " b * V 

aw*.k» CM*. IV and V) tl,c second Jrv“\ri, ' L „ * a “ ,cs - In ‘ h » 

on a liis!li« level than the first and tended to remain olcvnt'o TTV *?““ 
hour. Vase 7, dial, otic received carotene in nit a . le ninety-sixth 
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similar series of experiments was done on Case 5, a nondiabetic patient. He 
received three doses of carotene and one of carrots. The second curve was at 
a definitely lower level than the first. The third started at a higher fasting level, 
showed a drop and did not rise above the fasting level. The patient was then 
placed on 1 c.e. of a 0.3 per cent solution of carotene for thirty days after 
which another dose of 20 c.e. of carotene was administered. In the fourth 
experiment, the fasting blood carotene was .149 mg. per cent, which was only 
.027 mg. per cent higher than the original fasting level. This, however, reached 
a peak of .203 mg. per cent at twenty-four hours and was maintained until the 
forty-eighth hour, when it began to fall giadnally. The fall was slower than in 
the previous experiments. This curve simulated 1 he type of curve observed in 



Chart 1. — Curves representing absolute rise in milligram per cent of blood carotene a [ 5 ° 
fasting levels, in normal anti diabetic individuals following tbc administration of caroten . 
These figures represent the mean values obtained from the figures in Tables II and i \ ■ 

the diabetic patients, but to obtain this effect, the patient received, in the preced- 
ing period in experiments and daily closes, a total of 90 c.e. of carotene in oil. 

Concerning the relation of the blood carotene to the blood cholesterol, it was 
found that prior to any administration of carotene or carrots (Table I) the blood 
cholesterol in the diabetics was higher than in the normals. There was also a 
tendency for the high blood carotenes to he associated with higher blood 
cliolesterols. Following the administration of carotene in oil to normals, the 
blood cholesterol rose slightly arid had returned to the fasting level or ^eij 
nearly so by the end of the curve. If the figures are averaged, there is a 
tendency for the cholesterol to follow the carotene level, but analyzed in- 
dividually this is not so. In the diabetics, although the cholesterol lei el uas 
higher, it did not, following the administration of carotene or carrots, heat nnj 
direct relationship to the carotene level and the highest blood carotenes " ere 
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accompanied by the highest blood choleslevols. In this connection it is well to 
realize that the curves covered a period of ninety-six hours during which 
time other meals were eaten. 


DISCUSSION 

The higher fasting blood carotene in the diabetics and their reaction to 
the ingestion of carotene may be explained either on the concentration of carotene 
in the liver at the time carotene is administered or on a concentration of other 
highly unsaturated substances. In support of the suggestion that the concentra- 
tion of carotene may be increased in the livers of diabetics the analyses of the 
livers of 8 diabetic patients and 13 nondiabetics, for vitamin A and carotene is 
reported (Table VI). The extraction of the liver oil was done by the method 
described by Moore 10 and the readings, made in a Lovibond tintometer, are re- 
ported in yellow units. The antimony trichloride reaction 14 was used for the 
determination of vitamin A and the results are reported in blue units. Other 
observers have reported the vitamin A content of human livers, but unfortunately 
not the carotene content. 15 - 10 Of the 8 diabetic patients all but two had more 
than 1,200 yellow units per 100 gm. of liver. Of these 2, one had hemochroma- 
tosis with pigment deposit in the liver, which might have interfered with the 
absorption of carotene by the liver. Only 4 of the 13 nondiabetic patients had 
an increased concentration of carotene in their livers, the other 9 having 600 
yellow units or less per 100 gm. of liver. These figures, although not conclusive, 
show a tendency for an increased concentration of carotene in the livers of 
diabetic patients. 


Table VI 


Vitamin A and Carotene Content op Human Livers Reported in Blue Units 
(Vitamin A) and Yellow Units (Carotene) 


CONDITION OF PATIENT 

Diabetic patient 
Diabetic patient 
Diabetic and Hemochromatosis 
Diabetic patient 
Diabetic patient 
Diabetic patient 
Diabetic patient 
Diabetic patient 
Nondiabetic patients 
Pulmonary edema 
Stabbed 
Auto accident 
Found dead 
Pulmonary thrombosis 
Apoplexy 

Sarcoma, metastases to liver 
( child ) 

Congestive heart failure 
Stabbed 

Lobular pneumonia 
Congestive lleart failure 
Sickle-roll anemia 
Accident 


BLUE UNITS 
PER 100 GM. 
9^380 
14,520 
1,905 
22,880 
84,480 
48,400 
01,380 
48,400 


YELLOW UNITS 
PER 100 GM. 
9fi8 0 ' 

520 
120 
1,200 
1,920 
1,200 
1,400 
5,000 


10,500 

8,800 

35,200 

112,640 

17,000 

00,320 


600 

400 

560 

480 

G 40 

2,560 


10,560 
55,000 
19,050 
9,900 
19 , son 
12,100 
24,200 


1,210 

3,750 

500 

500 

350 

150 

1,400 



3274 


TUB JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


111 considering the reasons for increased concentration of carotene in the 
livers of diabetic patients, two possibilities suggest themselves: the first is a 
matter of ingestion ; the diet of the diabetic might he higher in vegetables and so 
provide more carotene per se or substances which could he built up into caro- 
tene; second, the conversion of carotene to vitamin A may lie interfered with in 
the liver of the diabetic patient. 

In this group of diabetic patients four (Cases 7, 30, 11, 12) were clinic 
patients who had been under observation for periods' of from three months to 
three years. During this time, they averaged 400 to 500 gm. of vegetables daily. 
The other two patients had, as far as could he. established, developed their 
diabetes in the preceding twelve months, during which time they had eaten an 
average normal diet. Therefore in four of these cases it is possible to state 
definitely that the vegetable intake for even long periods of time was not really 
excessive. It is true that a rise in blood carotene will result from the excessive 
ingestion of the pigment, 17 but. under ordinary circumstances the normal in- 
dividual can manage to control this, as is shown by the effect of carrots and 
carotene on the normal group. Furthermore, as shown in Case 5, it was only 
after receiving a total of 90 c.c. of carotene in oil that it was possible to main- 
tain an elevated blood carotene. Thus the excessive ingestion of vegetables, al- 
though a factor in producing an increase in blood carotene, does not seem to 
offer the most likely explanation. 

The second suggestion, that carotene accumulates in the liver of the diabetic 
because of some interference with its conversion to vitamin A, would mean that 
a rise in blood carotene could result from the accumulation of carotene in the 
liver and the consecpient inability of this organ to absorb as much from the 
blood. Moore 10 and others have shown that the conversion of carotene to vitamin 
A occurs in the liver, and the evidence is reasonably strong that the change is 
essentially a hydration of the central double bond of the carotene molecule. In 
1933 we reported 15 that carotene fed daily to four depancrcatized dogs, three 
received it as carotene in oil and one in two egg yolks, was not converted to 
vitamin A, as it was in a control nondiabctic dog, previously kept on an A 
deficient diet. The blue to yellow ratio of the control dog was 587 :1. In the 
four depancrcatized dogs it was 11:1, 37U:1, 321:1, and 8:1. In two dogs 
kept on a mixed diet of kitchen scraps it was 1,000 :1 and SS0 :1. Thus the 
normal dogs, receiving a mixed diet, and the control dog, devitaminized and then 
fed carotene, had a greater proportion of vitamin A in their livers than did the 
depancrcatized dogs fed carotene. 

At the present time we arc inclined to feel that the accumulation of caro- 
tene in the liver of the diabetic is due to a diminished ability on the part of 
the liver to convert carotene to vitamin A. This does not mean that hydration 
of the carotene molecule does not occur at all, but that it may be slowed up 
sufficiently to allow carotene to accumulate in the liver. When this occurs, a 
rise in the level of carotene in the blood follows. 

SUMMARY AND CONCLUSIONS 

The fasting blood carotene was found to bo higher in 8 of 9 patients "ith 
diabetes mellitus than in a group of 9 nondiabetic individuals. 
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Following the administration of carotene in oil and of carrots, the blood 
carotene rose sooner in the diabetic patients, the increase was greater and was 
maintained for a longer period of time. 

A second administration of carotene to nondiabetic patients did not result 
in any greater increase in the blood carotene than did the first dose. In the 
diabetic patients a second dose of carotene caused a greater increase in blood 
carotene in all but one case. 

To obtain a curve in a normal simulating that in the diabetic patients, it 
was necessary to administer large amounts of carotene, Case 5 demonstrating 
this. The prolonged administration of 1 e.e. of carotene in oil to three normal 
and three diabetic patients resulted in a greater increase in the blood carotene 
in the diabetic patients and a more gradual fall. 

The fasting blood cholesterol was higher in the diabetic patients but bore 
no absolute relationship to the height of the blood carotene. The blood sugar 
bore no relationship to the blood carotene. 

To explain these results the hypothesis is advanced that there is an in- 
creased concentration of carotene in the liver of the diabetic patient due to a 
diminished ability on the part of this organ to convert carotene to vitamin A, 
and that this increased concentration interferes with the absorption of carotene 
from the blood. 
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LABORATORY METHODS 


THE TECHNIC AND APPLICATION OF SUPRAVITAL STAINING* 


Edward A. Gall. M.D., Bostox, Mass. 


T HE staining of blood preparations for the microscopic study of the living 
cell is a procedure which has come rapidly to the fore in recent, years. It 
is by no means a new discovery, of course, but its practical application was 
not fully appreciated until Simpson (191 9-1921), 42 * 43 Sabin (1921), 34 and 
Sabin, Doan and Cunningham (1922-1925)°* S5 * 30 * 37 utilized the method for 
the determination of individual cell characteristics and their embryologic 
development. Since this time a host of workers have demonstrated both the 
value and limitations of this technic. 2 '* 43 

Prior to Ehrlich’s introduction of the tri-acid stain, the study of the 
unstained blood in the living state was the only method generally available. 
Bettmann, 3 Rosin and Bibergcil, 32 * 33 and Israel and Pappenheim 22 first used 
neutral red, a relatively nontoxic organic dye, in their studies of red blood 
cells. Following this, very little work of moment was done with nontoxic 
dyes other than the vital staining of cells in situ in the living animal by . 
Aschoff and Kiyono. 1 Cowdry, in 1914, first demonstrated the specificity of 
Janus green for the staining of cellular chondriosomes (mitochondria).' 0 

Subsequent to the publications of Sabin, Doan and Cunningham, there 
has been a progressive increase in the utilization of the warm box and the 
dyes, neutral red and Janus green, for the purpose of what has been termed 
supravital staining in the investigation of cellular morphology in disease and 
health. Technically, this'refers to the staining of cells after somatic death 
(following removal from the body) but before cellular (intrinsic) dissolution. 
For the most part, the fundamental literature generally available concerning 
this subject is the production of former students and colleagues of these initial 
investigators in the field. As such, they have tended to refer for more ade- 
quate and detailed description of specific morphology to the original presenta- 
tions of their predecessors. In those papers in which well-defined descriptive 
effort is made, too often there is the tendency to leave unsaid that which 
presumably may be found in the original publications. This naturally makes 
for considerable difficulty to the novice in this phase of blood study. Fur- 
thermore, many of these introductory works are not readily procurable, and 
many of those which are, vary greatly in the interpretations of the funda- 
mental elements described. 

•From the Medical Clinic ot The Boston Dispensary (Service of Dr. Joseph H. Pratt.), 
and Department of Medicine, Tufts Medical School. 

Received for publication, February 21, 1935. 
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For this reason this compilation of the descriptions of the commonly ob- 
served human blood cells stained supravitally in both normal and pathologic 
states is presented. Personal observation has been utilized as the encompass- 
ing influence. Such cells as have not been personally observed are demon- 
strated by means of analyses of the literature. 

Method . — For the sake of completeness a brief resume of the method of 
staining as outlined by Forkner is appended. 19 For ordinary peripheral blood 
study the following solutions are necessary: 

Solution 1: 0.125 gin. of vital neutral red 7 (“Toluylene Red,” National 
Aniline and Chemical Co.) is dissolved in 50 c.c. of neutral absolute ethyl 
alcohol, thus producing a 0.25 per cent solution which is saturated. 

Solution II: 0.125 gm. of vital Janus green 7 (“Diazine Green,” National 
Aniline and Chemical Co.) is dissolved in 62.5 c.c. of neutral absolute ethyl 
alcohol. This is a 0.20 per cent solution which likewise is saturated. 

Solutions I and II, if well stoppered, may be kept for indefinite periods 
as stock solutions. They must, however, be kept dust-free by filtration from 
time to time. Since Janus green and neutral red in combined solution rapidly 
deteriorate, it is advisable not to combine the two until just prior to ap- 
plication. 19 - 36 

Solution III: 50 drops of Solution I are added to 10 c.c. of neutral ab- 
solute ethyl alcohol. This preparation may be utilized for the staining of 
blood with neutral red alone. 


Solution IV: 2 drops of Solution II are added to 3 c.c. of Solution III. 
This is the solution which is commonly used, since it will identify by stain 
specificity many more of the characteristic cellular features than Solution III 
alone. This combination has been used throughout this study, save where 
more detailed observation of uninhibited motility was to be made. 


It has been the author’s custom to use ordinary glass slides (75 bv 25 
mm.). Larger and thinner cover slips (22 by 40 mm.) than those more' fre- 
quently used have been found to be advantageous in that they produce a 
thinner and more even spread. The glassware must be scrupulously clean 
for the most minute contamination will serve to produce unsatisfactory prep- 
arations. Cleansing is accomplished in ordinary cleaning solution (potassium 
dichromate and sulphuric acid) for twenty-four to forty-eight hours The 
glassware is then washed in running tap water for one to two hours rinsed 
first in distilled water, next in 70 per cent alcohol, and fiuallv stored in 50 
to 70 per cent alcohol until ready for use. At this time slides and cover slim 
are dipped in clean ether, allowed to dry in air, and then polished vigorously 
with clean silk, it has been suggested by Sabin that the use of jeweler’s 

rouge will give a higher polish. 39 This has not been found to be appreciably 
advantageous for routine use. <>io ciaoiy 


The slide is swept >vm> a sou camel's hair brush to v 0 „ 

silk or dust particles ns may adhere. It is then IMtfH- 10ve SUl 

i» will. Solution lli or IV. The to “ L uf f" 4 i,s 

into .is container, the c.ceess stain a, the edgea'is airbed ‘vith MoM 



1278 


TIJE JOURNAL OF LABORATORY AND CLINICAL -MEDICINE 


paper, and the alcohol remaining on the surface null evaporate spontaneously. 
A very thin, smooth film of violaceous pink stain should remain on the slide. 
A blotchy smear signifies the presence of grease and such a slide must be dis- 
carded. Stained slides may be stored for future use in a dust-free container. 
The precaution should be taken, however, to mark one end of the unstained 
surface so that identification will be more readily made/ 3 

Blood is drawn from the finger or ear by ordinary needle puncture. The 
skin is prepared for puncture by washing with soap and water, after which 
the soap is entirely removed with running water. It is then wiped with 
alcohol and finally with ether. A dry surface is essential. The cover slip is 
held bet-ween the examiner’s finger tips, care being taken to allow no part of 
the flat surface to be touched by skin. The surface is swept lightly with a 
soft brush and applied cautiously to the freshly risen blood drop. The cover 
slip is then promptly permitted to drop gently upon the surface of the stained 
smear. No additional pressure is to be exerted to cause the blood film to 
spread. If it does not do so spontaneously, the preparation should be dis- 
carded. Directly the film has spread, the edges of the cover slip are rimmed 
with either salvoline or ordinary white vaseline. Here again care must be 
taken not to press upon the cover slip or cause it to revolve upon the surface 
of the slide. The preparation is now ready for use. 

The slide is placed upon the stage of the microscope which has been 
previously warmed to body temperature {36 to 38° C.) in a warm box. Fifteen 
or twenty minutes usually suffice to permit the cells to recover from the trauma 
of transportation and temperature change, and also to absorb a sufficient 
amount of dye to allow identification. 

A simple warm box may be handily manufactured at a nominal cost. Its 
four sides are made approximately 24 inches long, 15 inches wide, and 11 
inches in height. It is covered above by two lateral boards to which are 
hinged two central covers which are cut to fit about the tube of the inserted 
microscope. On the rear wall of the box there are arranged three carbon 
bulbs which are controlled by a four-way switch so that any number may be 
used to regulate the temperature within. The walls of the box are insulated 
by a perforated asbestos lining. The fore side of the box has two lateral arm- 
holes which are closed by asbestos or rubber curtains and a central peephole 
to allow for proper approximation of the microscope objective to the slide. 
At one side there is placed a small hole for the passage of wire for illumina- 
tion and another for the insertion of a thermometer. The entire apparatus 
and its production should cost no more than two or three dollars. 

Such elementary data are prefixed not superfluously, since much of the 
critical literature directed at this procedure is resultant upon minor errors 
in technic. 

Care must be taken to avoid pressure of the objective upon the cover slip. 
It is good policy to examine the smear with the low power lens to determine 
whether or not there is an adequate spi’ead in the field to be examined. The 
obieetive is then lowered into the oil under direct observation through the 
peephole, raised slightly, and then focused gently. 
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The best criteria one may adopt for the determination of preparation ex- 
cellence are the presence of a fairly regular distribution without air bubbles, 
the regular contours of the red blood cells, the absence of nuclear staining, 
and the continued motility of the active leucocytes. Mitochondria are stained 
by Janus green, a brilliant blue green. Neutral red varies its staining char- 
acteristics with the pH of the structures stained, from light yellow to deep 
maroon. 


Morphology. — Bed Blood Cells: Erythrocytes appear morphologically as 
in the unstained state, occasionally greenish in color, but more often exhibit- 
ing a straw yellow tint. There is no inherent motility. Fluid currents, how- 
ever, will carry the cells smoothly across the field, changing their shapes as 
they adhere transiently to static objects. Thereafter the cells rapidly resume 
their rounded form. Older preparations exhibit clumping, some disintegra- 
tion, and general erenation. The normal cell border is distinct, smooth, and 
rounded but the central pallor is less often observed than in unstained prep- 
arations. Neutral red and Janus green will both stain reticular substance in 
less mature cells, but only in a concentration which would be too toxic for 
routine use. 30 The same applies to parasitic inclusion bodies. In most bloods, 
however, small globular, refractile, homogeneous bodies staining bright red 
may be observed to overlie or lie within the stroma of an occasional red cell. 
There is usually a single body in such a cell, but as many as 3 to 6 have been 
observed. These bodies frequently dance actively within the bounds of the 
cell border and are rarely seen beyond it. It is possible that they are extruded 
bits of oxyphilic hemoglobin or merely artifacts. They do, however, appear 
in approximately 0.1 to 1.0 per cent of red blood cells in normal bloods, but 
have been observed as high as 10 to 15 per cent in spreads from patients who 
have evident bone marrow stress (myelogenous leucemia, chronic hemorrhagic 
anemia, and metastatic bone cancer). Similar globules have been described 
previously by Isaacs. 49 Not infrequently there are present in the same erythro- 
cyte, apparently joined to the globule, small, fine, granular shreds stained 
greenish blue. Less often this substance occurs alone. There is no evident 
relationship of the latter to the specific material within the reticulocyte 


The Megaloiblast lias never been observed in peripheral blood by the au- 
thor. It is said to be a nonmotile cell with a hazy, tenacious border, con- 
siderably larger than the mature erythrocyte. The nucleus, usually round 
may be oval or indented and is centrally placed. It has a slim, fine border 
and a sparse mesliwork of chromatin in which may be observed a large 
vacuolar nucleolus and rarely two. The nucleus is quite large in proportion 
to the size of the cell and often covers as much as two-thirds of its flat surface 
Mitosis has been recorded. Characteristic is the earliest faint -low of hemo 
globin in the cytoplasm. The latter is nongranular and homogeneous save nt 
the border of the nucleus where some mottling may appear. No structures 
stained with neutral red are described. There are i„ CS 

of coarse, rod-shaped and coccoid mitochondria scattered ’ . , lge numbers 

throughout. Characteristically, at this state the Jannc /° U P attern 

persist and after some fifteen minutes the color is' lost,' 
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Plate I. — 1, Erythrocyte: Tills cell is introduced lor size contrast, the „^U e nisli 

being: drawn to scale. Stained, it exhibits the straw yellow of hemoglobin with a taini = nntains 
tint imparted by Janus green. .} Platelet: Multiangular in configuration, tins eiemcni. p 0 i,j. 
a few scattered granules which stain variously witli Janus green and neutral leti. ,^ cg jj 
morphonuctear Leucocyte: Tlte nucleus is observed to be dragging behind in xne n Y( ,]. 
Specific granules fill the endoplasm and when stained appear as small, round, reii , .icocyfe.' 


euemaxous. it is surruunueu uy many unsiuiueu, uara mmtuic - .. . .... n < 'ibis tvpi- 

diffusely. S. Small Lymphocyte: There is a clear, homogeneous cytoplasm which co _ rs 'op- 

caliv clumped, short, rod-shaped mitocliondria. A refractiic "mahogany P 1 ' 3 " ,yi_V,p js fairly 
posite the shallow bay of the nucleus. 5, Effete Lymphocyte: The nuclear ns a few 

broad and refractile. Chromatin is coarse and smudgy. Hazy cytoplasm coi _ * cvtop j 8S m 
scattered, unstained refractile granules. 10. Intermediate Lymphocyte: . • rounded 

contains many loosely clumped coccokl mitochondria among which may be tounu “ . ; ap pear- 
neutral red bodies. Tiie nucleus is kidney-shaped and its chromatin exhibits a. “ cliroma- 
ance. 11, Large Lymphocyte (As seen in glandular fever) : There is moderately j-u* ]lo( 0 f 
tin within the large bean-shaped nucleus. Mitocliondria are cluir •'onoevte: 

the nucleus small neutral red bodies are arranged to form a to this 

Small brick red bodies here form a true rosette within the nuc . varying 

aggregation are scattered numerous bodies with the same staining intensity um. j t)l fragile, 
size. The cytoplasm exhibits a ground glass appearance and has a f° am > j« horseshoe- 

wavy pseudopodia. Tiny mitochrondria are scattered generally. The nucleus T|<e bUo bate 
shaped,' has a wavy border, and its chromatin is loosely meshed r®*? is clear and the 
nucleus is observed dragging behind in the motile state. Its cctoplas n 's p maroon, 
endoplasm contains large, oat-sliaped. yellow refractile granules t v»«T moderated 

nonrefractile, round granules are seen scattered about the cytoplasm. A mitochondria. The 
in size and staining intensity. There are a few small clumps of tins mu 
bilobate nucleus is folded and seen at the fore end of the ceil. 
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appear fewer in numbers, and for (lie most part as indefinite, nonrefraclile, 
smudgelike, unstained bodies. Bone marrow studies have been t lie basis for 
the greater part of these observations.’ 5, 14 ’ * 4 ’ “ 

The Eryfhroblast is approximately the same size as the previously de- 
scribed cell. It, too, as are all erythrogenic entities, is nonmotile. Its border 
is more distinct, and its nucleus, smaller in proportion to the amount of cyto- 
plasm, is eccentrically placed. Mitosis is occasionally observed. There is 
increased chromatin density and the nucleolus is often obscured. The cyto- 
plasm is entirely homogeneous and the yellow tint of hemoglobin is appre- 
ciably deepened. It is at this stage that red globules and their accompanying 
green blue shreds are first demonstrated. Other than these there is no struc- 
ture stained with neutral red. Mitochondria are generally smaller, eoccoid, 
and no longer diffusely scattered, but are loosely gathered about the nucleus, 
more often on one side. They now hold Janus green persistently. 12, 14> 34 

The Normoblast is very slightly larger than the mature cell. Its border 
is distinct and contains within its bounds a full complement of hemoglobin. 
The nucleus is now quite dense and even in the unstained state presents itself 
prominently. It is eccentrically placed and is observed to lie beside the cell 
membrane, often causing it to bulge. It may even be seen extruded into the sur- 
rounding medium. The cytoplasm is homogeneous and a significant percent- 
age demonstrates the red globules described above. Mitochondria are much 
smaller in size and fewer in number. They are sharply localized to one side 
of the nucleus, and when this is finally lost to the cell, the clump of blue 
granules may remain visible for a short time. 11 


Leucocytes: The Lymphocyte is a vari-sized unit. Three forms are found 
in peripheral blood : the large, which is approximately 10 to 15 g in diameter • 
a small one, approximately the size of a red blood cell ; and a form interme- 
diate between the two. 9 - 45 The larger cell is, in the moist preparation the 
less mature, according to Wiseman, 47 though it is generally believed that size 
is no conclusive criterion of age. Certainly, if the presence of neutral red 
bodies is any evidence of lymphocytic maturity, as some claim, size may not 
be utilized as such a standard. At all events, the large lymphocyte is a round 
nonmotile cell with clear, glassy, homogeneous cytoplasm occasionallv ex’ 
Minting a faint yellowish tint. 47 The nucleus, centrally or sli-htlv eoemV 
trically placed, is rounded or indented. It is quite large in proportion to the 
cytoplasm and contains a fairly thick meshwork of fine chromatin strand* 
which do not aggregate peripherally or elsewhere The mitneL™ i' 

short rods, relatively coarse, and tend to be clumped at one side rfte ^ 

ovorlyilifr .he hot of ,1,c nucleus. There are . fL S.i"" 0 "' 
in the pnrnnnclenr zone, and occasionally- a small subsidiary- I " >S0,,,es 

- P^ion. Neu, ra , red bodies may “be SZfZf 

they are, rarely exceeding 4 to 10 in number they stain , ,, M „ P ! ^ hen 

as small, retractile globules about the same size n* ti -f P 3 " d appear 

are scattered without pattern throughout the rvto l ^ m ^ ocllondria - They 
nucleus. Both Janus green and neutral red stained 'b^r ° ^ ° VerI * rin " the 

to ' Vi ' 11 irrt * ular nct »-Uy within the stroma of the TeU ° bSerVed 

<-ea. xn certain 
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states, such as infectious mononucleosis, wherein pathologic stimulation of the 
lymphocytopoietic organs obtains, many more neutral red bodies may appear 
and congregate in the region of the nuclear hoi', displacing flic mitochondria, 
and closely resembling the rosette of the monocyte. 81 * “** 31 Certain other 
criteria, as will be described elsewhere, serve to distinguish the cell. 

The Small Lymphocyte is a rarely motile, rounded cell with a distinct 
border. It possesses a clear, untinted, homogeneous cytoplasm and a rounded, 
centrally placed nucleus. In a number of cells Ihe nuclear contour is irregu- 
lar and may even be fragmented, resembling the nucleus seen in the Rieder 
lymphocyte of the fixed smear. 83 In pathologic lymphocytic conditions the 
proportionate percentage of these forms increases. This is not so well demon- 
strated in fixed preparations. The chromatin network is denser than that of 
the previously described cell, the strands are cpiite coarse, and there is some 
condensation at the nuclear periphery. Mitochondria are fairly coarse and 
may be clumped at one side or encircle the nucleus with a single or double 
row. Neutral red bodies are rare but may occur up to 4 to 6 per cell. 5 This 
small form is the lymphocyte most frequently observed in normal blood. 

The Intermediate Lymphocyte has a rounded or slightly irregular border 
which is definitely delimited. This cell, when stained with neutral red alone, 
has a characteristic motility. Its rate is slower than that of the polymorpho- 
nuclear, averaging about 4 to 15 y. per minute, and it progresses without 
pseudopod formation. 251 Its nucleus is found at the fore end of the moving 
cell, the cytoplasm and contents dragging behind and passing through static 
constriction rings (i.e., the rings retain their relative position to objects ex- 
ternal to the cell while the cytoplasm passes through them, constricting as it 
does so and regaining its breadth afterward). 2 * The cytoplasm has the clear, 
homogeneous consistency specific for the lymphocyte and is not tinted. The 
nucleus is relatively smaller in proportion to the cell bulk than in other mono- 
nuclear cells. If may be rounded, but is more often oval or kidney-shaped. 
Its chromatin content usually resembles that of the small form but may have 
a linear configuration which affords it a fluted appearance. There js, too, 
observed the “radltern” or wheel spoke arrangement as seen in the so-called 
plasma cell of the fixed smear. Mitochondria are similar in contour, size, and 
distribution to those of the other lymphocytes. Neutral red bodies likewise 
appear in this type but in a larger number of the cells than in the small form. 
They, too, may assume the pseudorosette appearance of the large lymphocyte. 

There are not infrequently observed in blood preparations, particularly 
those from young children and patients with pronounced lymphocytosis, the 
“effete lymphocytes” described by Sabin. 18 ’ 30 These present either a free 
nucleus or one surrounded by an ill-defined, liazy, slightly opaque remnant 
of cytoplasm. The nuclear contour is round and its border is sharp, thickened, 
and refractile. The chromatin is dense, smudgy, and vague in outline. Ex- 
ternal to the nuclear membrane either free in the plasma or imbedded within 
the cytoplasmic remnant are a few rounded, unstained, refractile bodies. 

In some 34 per cent of small and intermediate lymphocytes, in llne 
monocytes, but in no other white blood cell there are observed one or a paw 
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of round, dark, mahogany colored, rcfraclilc bodies about 0.10 to 0.25 y in 
diameter lying in the cytoplasm. Usually they occur opposite the bay of the 
nucleus. These bodies resemble morphologically certain of the cell inclusions 
described by Auer within large mononuclear cells in acute leueemia. 2 They 
have, however, been observed by the author in all bloods examined, their 
numbers varying in certain disease processes. Their significance is not at 
this time discerned. They are visible in the unstained cell but rarely persist 
in the fixed smear. 

The Lymphoblast, about the size of the intermediate lymphocyte, is a 
rounded, nonmotile cell with relatively deficient, clear, yellowish cytoplasm.”’ 47 
Its nucleus is small, round, and eccentrically placed. It possesses a fine, dis- 
tinct nuclear membrane and a loose, thin mesliwork of granular chromatin 
occasionally aggregated at the periphery, within which are found one or two 
darker nucleoli. 25 The mitochondria are short, plump, fairly coarse rods, 
which may be scattered throughout the cytoplasm, but more often assume a 
characteristic position close and adherent to the nucleus. 0 They are not 
clumped but tend to encircle the central structure. Neutral red bodies do 
not appear. 


The Polymorphonuclear Leucocyte in the active state is an irregularly 
shaped cell about 12 to 23 by 6 to 10 y. with a distinct border which constantly 
changes its contour as a result of pseudopod formation. 23 The cell is rarely 
still but moves about in a circinate ameboid fashion. In the perfect prepara- 
tion at body temperature its course is constant, in that for long periods of 
time the fore end remains persistently ahead. Frequently, as the cell pro- 
ceeds, it may permit a long strand of cytoplasm to remain stretched out be- 
hind it. This process often has a rounded, somewhat bulbous tip. With 
continued movement the narrow pseudopod is withdrawn into the cell body 
but occasionally its tip may break off and lie free in the plasma. It is these 
bits of protoplasm which have often been mistaken for motile platelets 


The rate of locomotion of the polynuclear cells has been estimated by Mc- 
Cutckeon to be approximately 34 m per minute at 37° C. and this may increase 
moderately up to 40° C. 26 - 27 Above this temperature the cell becomes static 
and there are alternately projected and retracted small ineffective pseudo- 
podia. This is the so-called prickle 0611" of temperature paralysis although 
similar phenomena are noted at body temperature following incompatible 
transfusion. 30 Eventually, after swirling about seemingly wildly for a'bri f 
span, the cell will assume a rounded shape, all cytoplasmic movement wil 
cease, and the nucleus will begin to stain, indicating cell death At lower 
temperatures movement is much more sluggish, and below 15 to *0° f 1 

b( « b 7r" Cell death will not, however fa 

if after sever,, 1 hours be preparation is again broaght ,0 both- teinperafae 
normal appearance and movement, will be resumed. 23 - 27 ‘ icmpeiatuie, 

Tbo polymorph nucleus has a fine disfinru Wn . 
coarse chromatin. It more often follows ’passivelv L +1 “i 3 m . oderatel y 
cytoplasm as Iho cell proceeds and mav be eloim-uN ^ altG1 ’ P ° rtion of tbe 

- “ r zzsr&zz 
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nuclear structure is a definite indication for discarding the preparation, since 
cell death is imminent . 37 The cytoplasm is homogeneous and divided into 
definite eiulo- and ectoplasm . 3 The dividing line is well demarcated by the 
failure of neutral red bodies to proceed other than singly into the ectoplasm. 



Plate II. — S, Erythrocyte: This cell contains two bright re:l. small, refrnctiK » • • 

There are also two finely granular, greenish shreds, s. Platelet: The substance o£ 
has a yellowish tint There are a few fine, bluish green granules scattered >r 0 jo 

Monocyte ; This is the usual appearance in normal human blood. It is similar to wii W. in £ 
except that neutral red bodies are scattered without rosette formation. J6, Monoo ias • . us 

rounded excrescences are seen on the cell surface. Chromatin is faint and fine, ana u c f 

contains a single nucleolus. The cell is similar to Cells No. 12 and 15, but contains im- 

the structures stained with neutral red. 17, Myeloblast: The nucleus has a thin, ‘ ^ t | irce 
perceptible nuclear membrane and contains a fine chromatin meshwork. mere ‘J. are 
nucleoli present. The cytoplasm exhibits some mottling in the perinuclear zone anu * m j s 
many thin, elongated mitochondria scattered diffusely. IS, Lymphoblast: -fne an 

homogeneous and has a faint yellowish tint The nucleus lias a definite memori ■ j r j a are 

irregular chromatin mesh, and contains a single nucleolus. Coarse rod-shaped mito ^ * e u 
grouped close to the nuclear border. 19, Eri/throblast: The homogeneous cytopmsi i* oc }i 0 ndria 
has the straw yellow' tint of hemoglobin. The nucleus is small and eccentric .* The 

are grouped to one side. A superimposed, red globular body is seen. 20. -a L°J, vtoP iasm con- 
nucleus appears at the periphery of the cell. Its chromatin is quite dense, l no c ^ the 

tains a full complement of hemoglobin and a few’ fine mitochondria clumped at c j 0 ^ u t c 
nucleus. A smal‘ 1 * “of greenish material is present. -“gj „ gaining a 

Mitochondria are md among them are a few’ neutral re« uu - except 

brighter red than ■ 22, Myelocyte “B”: This cell is 5101,1 23, Mnei'Jeytc 

that more neutral red bodies are present and mitochondria are fewer in myn» L Vyfj t( J‘ c i J ondi‘ia are 
“C**: Here, there is present the full adult complement of neutral red bodies. * 
fewer in numbers and appear only at the cell periphery. 
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Streaming actively and dancing about within the endoplasm, which they fill 
completely, are numerous, tiny, round, yellowish pink, retractile granules 
which are specific for this polynuclear cell. These bodies rush about continu- 
ously in every direction and occasionally dart into the ectoplasm but are 
rapidly withdrawn again into the compact mass. Frequently they. form the 
core of a pseudopod which is otherwise perfectly clear ectoplasm. In some 
of the neutrophiles large, nonrefractile vacuoles taking a deep red stain are 
observed among the streaming granules. 45 These usually appear within cells 
which have been in contact with the dye for one and a half hours or longer 
and may grow to the size of a nuclear lobe. Usually one appears, but there 
may be four or more. There are a few fine mitochondria present, but in the 
double-stained cell these are more often obscured by the other cytoplasmic 
contents. 

The active leuocyte may not infrequently be observed to “round up” and 
remain still for a few seconds, but shortly it will again project pseudopodia 
and proceed on its course. In overstained preparations and near the edges 
where drying occurs this assumption of globular form is quite general and 
such areas are therefore significantly to be avoided. The author notes the 
number of these forms counted and utilizes their percentage as an indication 
of preparation perfection. These same drying regions, and occasionally freshly 
drawn blood, contain cells which have been termed by Sabin “nonmotile 
leucocytes.” 30 She claims that at least in the rabbit these occur in cyclic 
showers throughout the day and may reach a level as high as 16 per cent of 
the total white blood count. This has not been conclusively confirmed in the 
human being. These cells exhibit large, swollen, structureless nuclei sur- 
rounded by scattered aggregations of unstained, slightly refractile granules. 
There are no well-defined delimiting membranes. No motility, other than 
some brownian movement of the granules, is observed. 


The Myeloblast is an immobile, rounded cell with a thin, rather tenacious 
border. It is about 10 to 12 n in diameter. The cytoplasm is rather hazy, 
somewhat mottled in appearance, and is evidently in a gel state, for no move- 
ment of its contents is noted. The nucleus is rounded or rarely indented and 
it is eccentric in position. The nuclear membrane is smooth, even, and exceed 
ingly thin, so thin, in fact, that it may be almost imperceptible 15 * Fine 
chromatin forms a loose meshwork with no condensation except about the 
nucleoli, which are two to four in number. Occasionally in subacute or acute 
leueemia, the nucleus may assume an irregularly indented contour which re 
sembles the true Rieder cell. Indentations may progress to actual fragmenta 
tion of the nucleus. Mitosis is sometimes observed 9 „„„ T J 

bodies in this ceH. Mitoehondri. arc «£££. ”**«*,* "W ™d 
commas and arc diffusely scattered throughout the cytoplasm ' “ or 

site from cell to cell but tvilhiu ,l.e same cell ujr £ J"* V “'7 ”> 

11a rely, they form a clump opposite one side of the nucleus Q 6 tant 

a 8 'd S "1“ — 

AU «“■ * mdeheASmS" 
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resembling closely that of the myeloblast, but losing the nucleoli as ripening 
occurs. The nuclear membrane, too, becomes more distinct. The cytoplasm is 
homogeneous and the mottling of the earlier stage is no longer observed. In 
the myelocyte “A” there are not more than 3 to 30 neutral red bodies. These 
are scattered without pattern throughout the mitochondria which still retain 
the same distribution as observed in the blast form. Occasionally they may 
clump in the regiou of the eentrosphere. but this is rarely the case. These 
neutral red bodies are similar in shape, size, and retractility to the specific 
granules of the adult cell but stain with a deeper, bright red tint. The 
myelocyte “B” is like the “A” form except for an increase in the number of 
neutral red bodies. These, numbering 50 to 100 or more, are scattered through- 
out the mitochondria which now begin to decrease in numbers and are appar- 
ently being displaced toward the periphery of the cell. The myelocyte “C" 
contains a full complement of neutral red bodies which now fill the cytoplasm 
and compress the few remaining, minute mitochondria to the cell border. At 
this time fluidity occurs and movements of the cytoplasm ensue. Shortly 
afterward the nucleus indents further and ameboid movement is initiated so 
that the cell becomes the almost mature band form. 

The Monocyte is a fairly large cell, 10 to 15 /x in diameter, barely, if at all, 
motile when stained with Janus green. 0 ' 1: ' 51 In preparations dyed with 
neutral red alone, it exhibits a slow, sliding motion, leaving one position en- 
tirely only after some five or ten minutes. Characteristically, it progresses by 
means of a rolling movement of the faint, irregular surface film which is fol- 
lowed more sluggishly by the deeper cell elements. Occasionally the cell ap- 
pears to advance almost by shifting of cytoplasmic layers in successive depths. 
The border of the cell in the double-stained preparation is barely visible and 
irregularly broken by transient flat broad and spikelike protrusions. The 
latter wave about in the fluid currents and may either be withdrawn, break 
off, or merely disappear. Phagocytosis occurs bv simple engulfment ot 
debris and cell particles which lie in the neighborhood of the active monocyte. 
This cell apparently has a predilection for fragments rather than whole struc- 
tures and rarely is an intact erythrocyte observed within it. Engulfed frag- 
ments are described as coming to lie characteristically at the outskirts of the 
rosette (vide infra). 37 As a matter of fact, such material as is phagocytized 
may be found in any portion of the cytoplasm. 51 

The protoplasm of the monocyte has a foamy, ground glass appearance 
with a mottled, indefinitely outlined surface film. It is evidently in sol form 
for enclosed bodies are observed to move about in a sluggish, jerky fashion, 
occasionally darting for a short distance. Streaming, as seen in the poly- 
nuclear cell, does not occur here. The nucleus is always eccentrically placed 
and may he rounded, indented, horseshoe-shaped or even resemble a petaled 
flower. In certain abnormal states fragmented or double nuclei may appear. 
The nuclear membrane is fine, occasionally wavy, but quite distinct, and the 
chromatin content forms a very delicate, loose mesliwork which affords a 
fine, sudsy appearance. Within the cytoplasm are observed numerous (40 to 
80) neutral red bodies varying in size from minute dustlike granules to laige 
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bulging vacuoles several //. in diameter. All these bodies take the neutral red 
stain with exactly the same intensity, a nonrefractile, fresh brick red. 41 The 
number of larger vacuoles varies directly with the age of the preparation. In 
the rabbit and guinea pig, but much less often in the human being, there has 
been described a characteristic development of small neutral red vacuoles of 
uniform size in concentric rows (2 to 5) about the clear area of the centro- 
spliere opposite the nuclear hof. This has been termed the rosette:'' 9 > 2(1 The 
epithelioid cell of tuberculosis has been described by Sabin, Doan, and Forkner 
as developing from this form of monocyte by condensation and proliferation 
of the rosette vacuoles with diminution of their individual breadth. 88 ' 30 ’ 41 
As the rosette becomes larger and more compact, the cell enlarges, but no 
other significant morphologic change occurs. Scattered throughout the cyto- 
plasm, peripheral to the rosette when it is present, are myriads of fine, dust- 
like coccoid mitochondria. These, along with the smaller neutral red bodies, 
tend to give to the cytoplasm its ground glass appearance. 

The Monoblast is somewhat larger than the adult form and has no gross 
motility. Its border is fine, irregular, and exhibits many bleblike excrescences 
on its surface. There are fewer of the fragile spikelike protrusions. The 
cytoplasm is less foamy than that of the monocyte but the ground glass ap- 
pearance is very similar. The eccentric nucleus is oval, indented, or occa- 
sionally horseshoe-shaped. Its chromatin is so poorly developed that its 
structure is hardly visible in the unstained state. Occasionally one or two 
nucleoli may be visualized. Small, blunt, coccoid mitochondria are abun- 
dantly scattered throughout the cytoplasm. Infrequently they form several 
small or one large clump in the nuclear indentation. In the early blast form 
there are no neutral red bodies, but as the cell progresses to the stage known 
as the premonocyte, some few neutral red bodies appear in the region of the 
centrosphere where they remain fixed. Their staining characteristics are 
similar to those of the neutral red bodies in the adult cell. 3 


The author has not identified clasmatocytes as such in the peripheral blood 
They are reputedly large cells, 10 to 80 a in diameter, actively motile in a 
manner similar to that of the monocyte. 39 ' 37 - « Carrel and Ebelin* describe 

the cell as possessing an undulating membrane which acts as the propelliim 
agent. 9 The cell is highly phagocytic and will engulf as many as twenty 
thirty, or more whole red blood cells. Phagocytized objects characteristically 
come to lie adjacent to the nucleus initially .» The cell contour is relatively 
smooth but may exhibit transient bleblike and filiform pseudopodia « The 
cytoplasm is abundant and evidently lias no characteristic feature The 
nucleus is round or oval, fairly large, and located near the center of th n 
Though large by contrast with the nuclei of other leucocytes it is J r ' 
small in proportion to the cell bulk. Indentation never processes to 1 ^ 

duetion of the horseshoe nucleus, but two or three 1 the P 1 ' 0 ’ 

in stimulated cells. The chromatin is verv ond * b . een ° bserve * 

tered chimps. Neutral red bodies are present in lnJ? aira ? ged SmaU SCat ' 
constantly but exhibiting no regular distribution * T1 , nu ™ bers » movin S about 
bodies vary in size from dustliko part*]- j. , , V ™ n ° rosette - These 

cytes mid in staining characteristics froin brbTt ^clriefT “T* ° ? ^' thrQ - 

c sc, u let to deep maroon. 37 
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Unlike tlie vacuoles of the monocyte, this color is not constant hut changes 
with intravacuolar activity. The clasmatocyte is supposed not. to have mitro- 
chonclria, though some liar*e been described, obscured for the most part by the 
neutral red bodies. A feu* unstained vacuoles may not infrequently be ob- 
served at the periphery of the cell. 

The Eosinophil c is of the same size as the polynuclear cell described and is 
actively motile in a similar manner. Its motility, however, is not as persistent, 
for after a preparation has stood for some thirty or forty-five minutes at body 
temperature, the cell becomes globular and its nucleus clear and structure- 
less. 30 ' 45 The cytoplasm is homogeneous and exhibits an ectoplasmic rim into 
which the specific granules do not obtrude. The nucleus is usually bilobate 
and is dragged about, passively adjusting its shape to external stress. In the 
active state its chromatin content is somewhat similar to that of the neutro- 
phile. The endoplasm is filled with streaming and dancing oval granules. 
These granules do not vary in size or color, are much larger than the specific 
bodies of the poly, and have a typical bright yellow, refract ile appearance. 

The Basophilc is slightly smaller than the eosinophile and likewise has 
ameboid motion. Its motility, however, is almost as persistent as that of the 
polymorphonuclear cell, continuing for several hours. Its cytoplasm is quite 
clear and homogeneous, and does not exhibit division into endo- and ecto- 
plasm. Its nucleus is round or lobate and has an irregular, shallow* indented 
contour. Lobulation is often obscured by the tendency* of the lobes to fold 
upon each other. 0 They do not stretch apart as do the nuclei of other poly- 
nuclear cells. Characteristically, when this cell is observed in the motile state 
the nucleus appears at its fore end, in a manner similar to the nucleus of the 
lymphocyte. The specific bodies of the basophilc are relatively smaller and 
more sparse than those of the eosinophile, are round in shape, and exhibit do 
uniformity of size. They appear as nonrcfractile, deep maroon globules which 
stream rapidly* in the cytoplasm. Mitochondria are occasionally observed and 
appear as a small clump of tiny*, green, coccoid granules. 

The progenitor of the two latterly* described cells is said to be the myelo- 
blast. The intermediary forms, the myelocytes, develop exact ly* as do those 
of the neutrophilic series, except for the fact that the specific granules are 
similar to those of their respective adult forms. 9 

Platelets are small, faint, bodies, approximately* 1.5 to 5 n in diameter, 
possessing thin vague borders. Their contour is inconstant in that it may* be 
globular, spicular, star-shaped, or grossly irregular. The spicular configura- 
tion is the most common form. The bodies are not motile and do not exhibit 
browmian movement when vital. Frequently, a bit of cytoplasm broken from 
a motile leucocyte may resemble a platelet and lead to the false conclusion 
that innate motility* exists. No nucleus is observed. The cytoplasm is hazy 
and takes a greenish tint. Occasionally a few* granules stained pink w'ith 
neutral red may* be observed. More often, however, the small granules present, 
scattered indiscriminately, are stained pale blue with Janus green. The plate- 
let is notoriously* fragile and demonstrates a marked clumping tendency*. Hav- 
ing once clumped or become adherent to glass surface, it will disintegiate, 
discharge its content, and fade. The number in these preparations is muc i 
diminished at the end of one hour. 
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COMMENT 

It is not the author’s belief that the supravital teclmic may be utilized to 
the exclusion of the fixed smear. In combination with the examination of the 
fixed cells it offers further means of simplifying the identification of certain 
obscure cellular forms. The study of the living cell demonstrating specifically 
dyed structures offers additional aid in the differential diagnosis of blood 
diseases and appreciably broadens the bounds of hematologic research. 11 - 1C - 40 - 40 
It is with the belief that wider application should and could be made of this 
relatively simple procedure that this digest is offered. The simplicity of the 
method is stressed, for it entails no more difficulty, once the preliminary un- 
familiarity has been eliminated, than any of the other established means of 
blood examination. In order to facilitate approach, a chart including the 
cardinal features of the cells commonly observed is appended. 

summary 

1. The development of the use of the supravital dyes is outlined briefly. 

2. The method of preparation of the solutions of Janus green and neutral 
red for routine use is described. 

3. The preliminary steps in preparation of glassware, warm box, etc., 
and a few precautionary measures to insure perfection of blood spreads are 
discussed. 

4. Detailed descriptions of each of the cell forms observed in normal and 
pathologic blood are offered. 

25 Bek set Street 
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A COLORIMETRIC MICRODETERMINATION OF CHLORIDES 
IN BLOOD AND URINE* 


T. V. Letonoff, M.S., Philadelphia, Pa. 


R ECENTLY, colorimetric microdetermination of chloride has been made 
feasible for the clinical laboratory by the marked gain in sensitivity over 
existing methods effected by the work of Westfall, Findley, and Richards. 1 
In their procedure, based on that of Isaacs 2 and Emich, 3 chromate ion dis- 
placed from silver chromate by chloride is determined with the aid of the in- 
tense purple red color formed with symmetrical diplienylcarbazide. As the 
chromate liberated is proportional to the concentration of chloride, compari- 
son of the color with that jnelded by a standard solution of chloride enables 
calculation of the quantity of chloride in unknown solutions. 

Certain features of the technic described by these authors interfere with 
its application as a practical clinical method. Thus the diplienylcarbazide 
reagent keeps only a few hours, while the color formed by the reaction with 
chromate fades to some extent after only three minutes. In the present paper 
preparation of a stable diplienylcarbazide solution is described. Furthermore, 
the permanence of the color given by chromate with this solution has been 
increased. 

The test has been simplified further by substitution of a pulverized pro- 
tein precipitant, zinc borate, in place of colloidal zinc hydroxide. This new 
precipitant has not been employed previously in blood analysis. Its use here 
is advantageous, particularly because it does not adsorb anions, while filtrates 
remain free from added reagents. 

The technic described is suitable for analysis of 0.1 c.c. of blood or plasma 
Blood obtained by puncture of the finger tip may be analyzed without diffi 
eulty bv this method. 


REAGENTS 

Zinc borate powder is prepared by a method similar to that previously 

rate" NaB O Til o ZmC P0Wder;4 ^.8 «“• of Peered sodium 

borate^ Na.B A.10ILO, arc delved by warming in 800 c.c. of water and 

no^uT’ t,,P " f thp or Metabolic Disease, of the Phiiadelphi, Conor , 

ltoeelvcd for publication. Morel, 7 , 1935 ' 1 
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cooled. To it is added, with stirring, 20 gm. of zinc acetate, Zn (C ; H,0;.) ; 
.2H,0, in 200 e.c. of water. After five minutes the precipitate is filtered by 
vacuum and washed with water until the washings give no test for chloride 
with silver nitrate. About 1 liter of water is required as the chemicals used 
have contained chlorides as an impurity. The wet material is dried in air at 
room temperature on a filter paper or porous plate. Drying is complete when 
the material can be powdered readily. It is ground to a powder in a mortar 
and stored in a stoppered bottle. 

Silver Chromate ? — Add slowly 200 c.c. of a 5.5 per cent solution of potas- 
sium chromate to 100 c.c. of boiling solution of 10 per cent silver nitrate. 
Silver chromate settles out rapidly. Drops of the chromate solution are 
added until there is a slight excess of chromate which gives the solution a 
yellow color. After cooling, the silver chromate is thoroughly washed with 
distilled water and finally dried on a Buchner funnel. The silver chromate is 
spread in a thin layer on a glass plate and dried in a desiccator over sulphuric 
acid in the dark. “When dry, store in a brown bottle. 

DipJicnylcarbazidc, 0.02 per cent: Weigh 0.100 gm. of powdered symmetri- 
cal diphenylcarbazide. Transfer to a 1 liter beaker, add 500 c.c. of ammonia free 
water and cover with a watch glass. Dissolve by boiling for a few minutes. 
Cool and bring to 500 c.c. in a graduated cylinder. Preserve in a brown bottle. 
It is stable for at least, two months. 

Acetic Acid, 10 per cent: Accurately diluted. 

Sodium Chloride Standard . — Weigh accurately 500 mg. of pure dry sodium 
chloride. Dissolve in water and dilute to 100 e.c. in a volumetric flask. 

Working sodium chloride standard: Pipette 5 e.c. of the sodium chloride 
standard solution into a 100 c.c. volumetric flask and dilute to mark. 0.2 c.c. 
= 0.05 mg. NaCl. 


METHOD 

Into exactly 1.9 c.c. of water in a centrifuge tube, deliver 0.1 c.c. blood, 
plasma, serum or cerebrospinal fluid, rinsing the pipette Avith the water. 
Carefully calibrated Folin micropipettes are recommended. Add about 0.05 
gm. of zinc borate powder. Stopper, shake hard for at least one-half minute 
and allow to stand for two minutes. Filter through a small paper. 

When 0.8 c.c. to 1 c.c. has been collected in a centrifuge tube, add an ex- 
cess of silver chromate and stir for about one minute, rubbing the solid against 
the Avail of the tube Avith a stirring rod. Centrifuge and pour the supernatant 
liquid through a small filter paper. Similarly treat about 1 c.c. of the work- 
ing standard sodium chloride Avith sih r er chromate. Centrifuge and filtei. 
Use 0.2 c.c. of filtrate for a standard. 

Transfer 0.2 c.c. of the chromate filtrates to clean, dry test tubes. Add 
3 c.c. of the 10 per cent acetic acid. Add 10 c.c. of the 0.02 per cent diphein 1 
carbazide, mix by inversion and let stand ten minutes. Place some of the solu 
tion in the left colorimeter cup and read the standard in the right cup. 
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Calculation: 

X = mg. XaCI per 100 c.c. blood 

S = reading of standard 

When unknown is set at 10 nun. 

X = 50. S 

Urine: Prepare a 1 to 40 dilution of urine in water. Five hundredths 
cubic centimeter of urine made to a volume of 2 c.c. is sufficient for a determina- 
tion, but more may be used if desired. 

Shake about 2 c.c. of the diluted urine with about 0.05 gm. zinc borate 
powder and filter. Follow the technic outlined above. 

Calculation : 

X — gm. XaCI per 1,000 c.c. urine 

S = reading of standard. 

When unknown is set at 10 mm. 

X — S 


EXPERIMENTAL 


Accurately diluted sodium chloride solutions were prepared covering the 
range from 200 to 800 mg. per 100 c.c. from which the chloride was precipi- 
tated by silver chromate and the color developed as described. When the 
series was read against a standard equivalent to 500 mg. per 100 c.c., direct 
proportionality between color and concentration was obtained throughout the 
entire range. 


The color reached maximum intensity in about ten minutes, remaining 
constant for twenty minutes before beginning to fade. It is obvious that all 
water should be chloride free. 

Because of the many advantages of a solid protein precipitant, an at- 
tempt was made to utilize the zinc hydroxide powder previously described by 
the writer. However, small amounts of chloride were removed by this 
reagent. Other protein precipitant* with the exception of colloidal zinc hv 
droxide also adsorbed chlorides, failed to remove uric acid, or interfered with 
the reaction. Powdered zinc borate was then tested and found to function 

effectively as a protein precipitant. This substance was inert with respect to 
chloride. Filtrates prepared bv m™,,, nf - , . , “ respect to 

, 1 means of zinc borate powder gave no test W 

protein, zinc, or borate. Uric - , , ... ., xest tor 

completely removed. The 

and fiuid^tm^ 1 -" 1 Path ° I ° eiC bl °° Cl ’ plaSIna ’ 

tion between the two ^ V “ ^ method - vaiial 

eliloride content of twentv urines 1 7 ^ ^ ±2 P<?r Cent The 

(Upbmi.vleaHmzide reacts likewise^ wiffiin ^ the 

to blood and plasma gave rccovcries\ aft<! - r ° f pUre chloride 

c ieco\eiies varying between 98 and 102 per cent. 
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SUMMARY 

A simplified microprocedure for colorimetric determination of chloride 
in blood, plasma, and urine is described. The chloride content of 0.1 c.c. of 
blood or 0.05 c.c. of urine may be determined. 

Powdered zinc borate is an effective precipitant of blood proteins that 
does not adsorb chloride. 

The author wishes to extend his thunks to Dr. .Tohn G. Rcinhold for assistance witli 
the manuscript. 
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THE ROSE BENGAL TEST OP LIVER FUNCTION: 
PI I OTELOM ETRIO METHOD* 


W. P. Stowe. M.D.. axd G. D. Delprat, M.D., Sax Francisco, Calif. 


TN PREVIOUS articles 1 ' - we liave described a simple and satisfactory dye 
test of liver function. In the development of the photelometer by Sanford, 
Sheard, and Osterberg. 3 for the determination of color depth by the use of 
a photosensitive cell, it seemed that the last difficulty was overcome by the 
elimination of the personal equation in color matching. The following method 
has been evolved and used by us with satisfaction: The use of the normal 
plasma blank in the central cup of the photelometer corrects automatically for 
the yellow tint in icteric blood, heretofore difficult to match in colorimetric 
methods. 



fhe method is as follows: 10 c.e. of blood are withdrawn from an arm 
vein and oxalated at onee (Sample A). Without withdrawing tl.e needle a 
syringe containing 10 e.c. of 1 per cent rose bengal solution in normal saline’ is 
eonnected and mjected in about a ten-second interval, A fresh svringe filled 
wtth so me ,s snbst.tnted and the saline injected slowly during a' two minute 
m cma " ten le second 10 c.e. blood specimen (Sample B) is removed and 
oxalated. b» ly = minutes from this time the third 10 c.c specimen h 
removed (Sample C) either through the same needle or bv sep, a 
puncture, and is oxaiated. " at n ,arate vena- 

AU three sampler < 1 , 

proteins precipitated with o ™ centr,fu S ated - P laama removed, and the 
eenl rifugnt ion until the s,™ ' 1° V ° V ^ ° f plaSma ’ follo "'ed V re- 

Xa OH to clear of lipoids and' 1 « Vh dear ' Treatm ™t with 
desirable. ” d b,lir «Wc. as previously described, 3 may be 

for' ■publication. Apr „ no 
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Sample A is then placed in the central cup of the photelomeler with A'. 
& W. filter No. 74 in place, and the galvanometer needle brought to 100 through 
this solution. Samples B and C are then read on the photelomeler and the 
readings translated into terms of cubic centimeters of 1 per cent rose bengal 
solution per liter by the accompanying graph (Fig. 1), plotted on Keuffel 
and Esser semilogarithmie coordinate paper No. 358-51. A similar curve for 
any individual photclometer and filter can be easily constructed from known 
dilutions of the rose bengal solution used. 

200 Rs 

The calculation previously suggested, 200 - — ~ — = per cent of nor- 
mal liver function, can be used if the parts per liter value of the two-minute 
sample (B) is substituted for Ru and tiie parts per liter value of the eight- 
minute sample (C) is substituted for Rs. 

After extensive use we commend this method for accuracy and freedom 
from the errors of the “personal equation.” 
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A SIMPLE BASKET CARRIER FOR USE IN TISSFE 


dehydration 0 


Alvin J. Cox. Jr.. M D.. San Francisco. Calif. 


A NUMBER of methods have been suggested for transferring tissue blocks 
through dehydrating fluids in preparation for embedding. In the Stan- 
ford University Department of Pathology, the use of simple wire baskets in 
dehydration and paraffin infiltration of routine tissues has saved much time and 
has nearly eliminated the possibility of loss or mislabeling of specimens. The 
method has been in continuous use for more than one year in the preparation 
of 5,000 specimens for microscopic examination. 

Although a basket similar to ours may be made by a craftsman, the fol- 
lowing method provides a cheap, rapidly made, durable basket, which can he 
constructed by anyone with an old pair of scissors and a pair of pliers. The 
materials necessary are a piece of copper window screen 3M> by 2!4 inches 
and a smaller piece about P/\ inches square. Two vertical wires are remot ed 
from each end of the large piece (Fig. 1). This is then bent into approxi- 
mately cylindrical shape, with the protruding ends of the horizontal." kes 
directed inward so they interlace with those from the opposite side (hi?- -/• 

’From the Department of Pathology. Stanford University School of Medicine. 

Received for publication, April 1, 1033. 
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Tlie ends of the uppermost wires are twisted about each other to hold the 
screen edges in position, and the joint is made more secure by weaving a piece 
of small copper wire back and forth as in big. 3. The screen is manipulated 
to form a cylinder, and two horizontal wires are removed from the lower end, 
leaving the ends of the vertical wires protruding. These are pushed through 
the small square piece of screen (Fig. 3). They are then bent toward the 
center and the protruding edges of the small piece of screen are trimmed off 
with scissors (Fig. 4). 

The completed basket is approximately 1 inch in diameter and 2j4 inches 
tall. It can be placed completely within a wide-mouthed glass-stoppered 
bottle 2 inches in diameter and 4 inches tall. It is conveniently lifted from 
one bottle to another by means of a pair of forceps. Slices of tissue up to 
% inch in diameter are placed in the basket, with a strip of paper bearing the 








Fig. 1. 


Fig. 2. 


Fig. 3. 


Figs. 1 to 4. — Stages in construction of the basket carrier. 


Fig. 4 . 

Lateral anil end views. 



specimen number. The tissues are not handled again until after their final 
immersion in melted paraffin, when they are easilj' removed by inverting the 
basket while hot. The paper strip retaining the specimen number is perma- 
nently attached to the paraffin block in which the tissues are finally embedded. 
This avoids errors due to faulty copying of numbers. The basket has been 
found to interfere very little with dehydration or paraffin infiltration if it 
does not contain too much tissue. One basket will carry satisfactorily 2 or 
3 large pieces, or 8 to 10 pieces, of tissue. 


Fresh tissues may be fixed in the baskets, which are especially valuable 
tor fixation of tissue curettings. These can be washed in running water with- 
out being removed. If the basket is placed in a shallow dish and the water 
stream diieeted into the top, the tissues are washed without danger of loss, 
since the vntei h:\el w ilhin the basket does not rise above the edge of the dish 
■baskets which ha\e been placed in melted paraffin mav be cleaned easilv 
by immersing them in waste xylene for a short period. ‘ ' * 


DEPARTMENT OF REVIEWS AND ABSTRACTS 


Robert A. Kh.dcffe, M.D., Abstract Editor 


POLIOMYELITIS, Human Convalescent Serum in the Treatment of Pre-Paralytic, Pischer, 

A. E. Am. ,T. Bis. Child. 48: 4S2, 10.14. 

Pischer analyzed data collected on two "roups of patients gathered for the purpose of 
determining the value of convalescent scrum in the treatment of preparalvtic poliomyelitis. He 
does not consider that the question can he answered definitely because in spite of every 
effort to obtain comparable data, it was not possible to do so. It has been pointed out that 
it is particularly difficult in the ease of medical material to obtain strictly similar groups. 
Tbo most important point which the study lias emphasized is that 570 patients with 
poliomyelitis were seen early in the course of the disease, of whom 477 were treated by in- 
jection of convalescent serum and 102 were untreated. He showed that the sex, age, stage of 
the epidemic, day of treatment, dosage and method of administration of scrum had no in- 
fluence on the outcome of the disease so far as can he determined statistically, while, on the 
other hand, the temperature, cell count and general clinical impression could at times he 
used as an indication of the degree of severity of the illness. 

This was the first epidemic in which an attempt was made to evaluate the serum fairly 
not only by treating patients in the pieparalytic stage but also by examining and following a 
number of control patients. The author has demonstrated that the outcome for the treated 
patients was no better, if ns good, as for the untreated ones; while the controls were prob- 
ably somewhat milder, lie feels that no advantage was shown by the other group. For this 
reason it should be possible in the future to obtain a sufficient number of control cases, for 
the present study lias demonstrated that tiioie is no proof that n physician is depriving his 
patient of an equal chance for complete recovery by not administering convalescent serum. 
Lacking a substitute therapeutic procedure, it would seem fair in subsequent epidemics to 
retest the value of potent serum in the preparalytic or meningitic stage of poliomyelitis, 
using, if possible, exactly parallel or alternate cases for control. If this is impossible, at 
least comparisons should be made as to the outcome for treated and untreated patients, using 
ns a basis the day of the disease, the symptoms and other factors such as those discussed 
in this report. 

MENINGOCOCCUS, Precipitation Reactions of, With Immune Serums in Agar Plates in 

Relation to Antigenic Activity, Kirkbride, M. B., and Cohen, S. M. Am. J. Hyg. 

20: 444, 1934. 

Significant supplementary data on the serologic and immunologic properties and activi- 
ties of the standard meningococcus strains used for many years in serum production, were 
obtained from studies of the precipitation reactions associated with the growth of the cultures 
on immune serum agar plates. At the same time, similar studies were made of a number of 
other strains, both recently- isolated and stock. The results were, in general, in accord uith 
previous laboratory findings which had failed to demonstrate any marked superiority in the 
new as compared with the older strains. Besides the laboratory observations, convincing 
proof of the present value of the standard strains as antigens was established by the continued 
favorable clinical rcpoits on the use of the homologous therapeutic serum. Evidence was also 
obtained indicating the importance of maintaining the cultures used in serum production 
under the most favorable environmental conditions, and, conversely, the possible harm u 
effect on cell capacities of apparently slight alterations in these conditions and, hence, on 
the active principles of the serum itself. Certain of the observations made may be enumer. 
briefly ns follows: 
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1. Meningococcus strains of Groups I and III isolated more tlum fifteen years previ- 
ously were found to have retained their activity in elaborating the specific precipitating 
substance as determined by the immune serum agar plate tost. These strains, also, produced, 
both in horses and in rabbits, serum of precipitative activity. 

2. Strains of Group II and those of group “X,” related to Group II or "IV,” lathed, 
in general, demonstrable specific precipitating substance, and produced in animals serums of 
little or no precipitative activity. 

3. Differences in the precipitation reactions of the cultures were not found to be related 
primarily to the interval since isolation and the period of artificial cultivation. Both stock 
and recent strains of Groups I and III gave rise to well-marked haloes. Neither stock nor 
recent strains of Group II were found to possess ftmilar precipitative activity. 

4. Substitution of certain semifluid or broth media for the dextrose serum agar used 
in the maintenance of cultures resulted, in the case of several Groups I and III strains, in the 
reduction or loss of the specific precipitating substance, and also, in the case of one strain, 
of the precipitinogenic properties. These results suggest that, in addition to the selection 
of representative strains, the medium used in their maintenance may play an important role 
in serum production. 

5. Marked differences were observed in the precipitative activity of therapeutic serums 

produced by different laboratories. • . 


TYPHOID, Study of Production of Somatic and Piagellar Agglutinins in Response to Anti- 
typhoid-Paratyphoid Inoculations, Dennis, E. W., and Berherian, D. A. Am. J. Hyg. 

20: 4G9, 1934. 

The serums of 114 volunteers, including individuals who had had enteric fever with and 
without subsequent vaccination, individuals who had no history of cnterica or of vaccination, 
and individuals who had been vaccinated fiom one to ten times, were submitted to a quantita- 
tive receptor analysis before and after vaccination. 

A comparative study was made of the influence of formolized, phenolized, and lieat- 
killed vaccines prepared in our laboratory, and four commercial antityphoid preparations on 
the production of agglutinins. 

All of the vaccines used induced the production of "O” agglutinins in considerable 
quantities. The vaccines prepared in the authors’ laboratory of recently isolated, smooth, 
virulent strains gave rise to "O” titers comparable witli those seen in active enteric infec- 
tion; and ‘ ‘ O ” titer of 1:1,200 for Bact. paratyphosus A was recorded. The formolized 
vaccine was the most efficient in stimulating "O” agglutinins. 

The vaccines prepared in their laboratory were 200 per cent more efficient than the 
commercial products in the production of 1 ‘ O ” agglutinins. 

There was no correlation between the number of previous vaccinations, the interval of 
time since the last vaccination, and the height of the titer, making the establishment of an 
arbitrary diagnostic titer impossible. Hence, a single qualitative receptor analysis is not 
capable of differentiating between inoculation agglutinins and those due to infection. 

Twenty-five per cent of inoculated individuals lose all traces of “O” agglutinins within 
a year; more frequent inoculation is indicated. 


aes Alalad 


BILIRUBIN, BLOOD: Ernst-Poster Method for, Gadjos A 
Buie, Paris 9: 45, 1934. 

,UiS !l8 **■*" * « 1C van den Bergh for measuring 

V 1 f.r um «" W ^ c.c. of acetone, 
g. 1-dter, centrifuge, and compare with standard 
7 no htnmlnril is u 1*0 000 « 1 t* t 

per cent of bilirubin in distdled w m r biC,lr0mate presenting 0.329 

with a series of graded standard tidies The 0 "' 5 'iV’* 0 " 1S ma,le P,tllcr In 'he colorimeti 
rent rat ion is low, only 1.5 c.e. of aertone^ Z ? ? “ '"xrlripliod by 3. If the bilirubin 
by 0-5. tOUL 15 :uWca the scrum and the reading multi 
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ANEMIA, Iron-Deficiency, Diagnosis and Treatment of, Bethetl, F. H., Goldhamer, S. M., 

Isaacs, R., and Sturgis, C. C. ,T. A. M. A. 103: 7!>7, 1031. 

Iron-deficiency anemia results from n lack of sufficient available iron for normal 
hemoglobin formation. Such a lack may be induced by (1) depletion of the iron reserves 
from continued loss of blood, (2) inadequate intake of food iron and (3) improper absorp- 
tion of the element from the alimentary tract and, as a rare possibility, (-1) from inability 
to utilise available iron. 

In women with achlorhydria, anemia may develop as the result of the physiologic loss 
of blood. In sneli eases a •* conditioned deficiency ’ ' dependent on the lack of hydrochloric 
acid may be said to exist. 

The clinical features presented bv patients with iron deficiency anemia are not specific. 
They include the effects of lack of hemoglobin supplemented by the manifestations of what- 
ever associated condition may be present. Rv eontrnst, the blood in such patients possesses 
certain definite characteristics that are of diagnostic value. The relative decrease of 
hemoglobin exceeds that of the erythrocytes, and the average size of the red corpuscles is 
reduced, although proportionately to a less extent than the diminution of hemoglobin. Conse- 
quently, the eolor index and the mean erythrocyte diameter, volume, hemoglobin and hemo- 
globin concentration tire below normal. 

The effects of treatment with simple iron preparations of forty-two cases of iron- 
deficiency anemia, twenty-eight with achlorhydria, are shown in tubulated form. These re- 
sults compare favorably with those reported by others employing combinations of iron with 
other substances in the treatment of the same type of anemia. 

Relatively large amounts of ingested iron me required for satisfactory clinical and 
hematologic improvement. Ferrum reduction, 1.3 gm. daily, or ferric ammonium citrate, 4 
gm. daily, administered in three divided doses after meals, in onr experience, is therapeutically 
optimal. Following the institution of treatment n latent period, during which no change 
in the peripheral blood picture occurs, is attributed to the time required for maturation by 
the primitive erythrocytes in the bone marrow. In general, the blood of patients with acid 
gastric secretion responds more promptly to iron medication, and a smaller dosage of the 
element is required than is the ease of those with achlorhydria. In both groups the erythro- 
cyte and hemoglobin values tire usually restored to normal after from six to eight weeks 
of therapy. Patients with achlorhydria often require continued treatment with iron in order 
to prevent recurrence of anemia. 

Administration of highly purified ferrum rcductum in conjunction with a “low copper" 
diet did not detract from the efficacy of the iron, ns evidenced by the rate of hemoglobin 
formation. 


HEPATIC CIRRHOSIS: The Nonglucose Reducing Bodies in Blood and Their Variation 

in Sugar Tolerance Tests, With Special Reference to, Menon, V. K. N., and Rao, 

M. V. R. Ind. J. At. Res. 22: 29, 1934. 

The nonglueose reducing bodies in blood in health and disease, with special reference to 
cirrhosis of the liver, were studied, and their variations in sugar tolerance tests determined. 
It is pointed out that : 

The nonglucose reducing bodies vary within wide limits in health and disease. 

The average values for “glucid X” and “y-roduction” in cases of cirrhosis of the 
liver do not show much variation compared to the normal standards obtained in tins senes. 
The glutathione content of the blood, however, is diminished in these cases of cirrhosis of 11 
liver. 

In most of the sugar tolerance tests in health and disease, “glucid X" and glutathione 
varv in the same direction as the blood sugar, while the y reduction shows a consider.! > e 
fall (most marked at the end of one hour) with the rise in the blood sugar. In sow® eases 
the y-reduction actually becomes negative. 
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From tlie data at present available tlie nonglucose reducing bodies in blood do not 
seem to be in any way responsible for tbc low fasting blood sugar found in cases of cirrhosis 
of the liver. 

The glutathione of the blood cannot be considered to be mainly responsible for the 
“y-reduetion.” 

A study of the ascorbic acid (vitamin C) content of the blood and its variations in 
sugar tolerance tests in these cases may throw further light on the nature of the “non- 
glucose reducing bodies” present in blood. 


SILICOSIS, Pulmonary Lesions Experimentally Produced By Intratracheal Introduction of 
Aluminum Oxide and Borosilicate-Glass, Lemon, "W. S., and Higgins, G. M. Am. Bev. 
Tuberc. 30: 51S, 1931. 


Very fine particles of aluminum oxide and of borosilicate-glass, of a size permitting 
phagocytosis, were introduced through a tracheal cannula into the lungs of two series of 
rabbits, and the animals were permitted to live for from one to twenty weeks. 

The particles of each material produced an immediate inflammatory reaction, character- 
ized by escape into the pulmonary tissues of serum, erythrocytes, and polymorphonuclear cells. 
At the same time, phagocytosis of particles occurred, and the alveolar phagocyte was the 
most active and important phagocytic cell. Its efficiency as a phagocyte was evidenced by 
the very large numbers of ingested particles. They were often so closely massed, and so 
numerous that they obscured the cytoplasmic detail of the cell, distorting the contour or rup- 
turing the boundary of the cell. 

Even in the experiments of shortest duration, there was evidence of migration of 
phagocytic cells, and of exclusion of them from the lung by way of the lymphatic structures 
and bronchi. The latter method of exclusion was indicated by the exudates containing phago- 
cytic cells laden with crystals, in all of the divisions of the airway, from the alveoli them- 
selves to the larger bronchi, the cilia of which were effective instruments in the process of 
removal. The former method of exclusion was indicated by finding test material in the 
tracheobronchial lymph nodes, and by finding evidences of agglutination of phagocytes 
laden with crystals in all parts of the lung where lymphatic tissue abounds. 

Throughout all the experiments, the lesions which appeared as miliary or confluent, 
roughly spherical nodules were found in the peribronchial, perivascular and subpleural 
lymphatic distributions. They were conglomerate and largest when situated at the hilum, 
and smallest and most discrete when related to smaller bronchi or vessels. 


"When aluminum oxide was used, neither the liistiocytes nor the fibroblasts were stimu- 
lated to activity. The lesions were made up only of aggregations of phagocytic alveolar 
histiocytes, which gave no evidence of multiplication nor of transformation into fibroblasts. 
When borosilicate glass was used, the lesions found after tlie longest period showed some 
evidence of replacement by diffuse fibrosis having taken place in the stroma of the lung 
Tlie earlier lesions were almost identical to those resulting from aluminum oxide. 

There was no instance of a lesion, produced either by aluminum oxide or by borosilicate 
glass, that even Tcmotely resembled those produced by silica when particles of equal size of 
uncombined silicon dioxide, were similarly introduced into the lungs of rabbits. There was 
no evidence that either material circulated in the blood stream, and accumulation of ul.ae-o 
cytic cells bearing crystals was not found in remote organs. P 5 

These observations seem to support the theory of solubility, of Gye and his assneiat 

who lift vc expressed tlio belief tint «,« .. ’ ana lus associates, 

, , . .. nm t,ie characteristic connective tissue nodules of „ 

produced because a tissue poison results fmm , es 01 Sll ica are 

The authors ’ experiments suggest that the 1* i C ° n ^ ° f Sl l ^ a 1 * le pulmonary tissues, 
when borosilicate glass or „hSum ^ oxide T ? ° £ ~ bined * absent 

occur. ° MllC ‘ S ° millo >' cd ^“eristic hyperplasia does not 


AUt0pSieS ’ C ™ d ’ *• and sawyer, H. P. Am. 
tuberculous lesions of the bUestines. 0 ^ ° £ l ,htWsis showed at autopsy ulcerative 
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Ulcerative intestinal tuberculosis was found ns a complication of tuberculous pulmonary 
disease in 87.5 per cent in the colored race, ns against 42.2 per cent in whites. 

Tuberculous laryngitis occurred in 3G.6 per cent of cases of intestinal tuberculosis, but 
96.0 per cent of cases of tuberculous laryngitis showed intestinal ulceration. 

Only 10.S per cent of the ulcers in this series were of the classical girdling type. 

In 540 eases of intestinal tuberculosis complicating tuberculous pulmonary disease, 53.7 
per cent occurred in cases whose pulmonary symptoms had a duration of six months to three 
years. In 34 per cent of cases the intestinal lesions were asymptomatic, and in 35 per cent 
the duration of enteric symptoms was less than six months. No cases, showing preulcerative 
lesions only, had marked intestinal symptoms. 

There were 51. G per cent of cases classified as having had good treatment, as against 
3G.8 per cent of cases showing evidence of serious doGcicncies in treatment. 

Some form of collapse therapy for the control of the pulmonary disease had been carried 
out in 20 per cent of the cases. 

Intestinal tuberculous ulceration is found in a majority of cases of fatal phthisis. 

The portal of entry for tuberculous intestinal infection appears to be the lower ileum. 

In cases of fatal phthisis with intestinal ulceration the incidence of amyloid disease 
is only slightly higher than in those without this complication. 

A large proportion of tuberculous intestinal ulceration is not characterized by any 
definite symptoms during life. 

The clinical detection of late tuberculous enteritis is of prognostic importance only; it 
portends an early fatal termination of the ease. 

TUBEBCULOSIS: Large Doses of Tuberculin in Testing Guinea Tigs Inoculated for 

Diagnostic Purposes, Magath, T. B. Am. J. M. .Sc. 188: 403, 1934. 

When testing clinical material for the presence of Mycobacterium tuberculosis by 
animal inoculation, a pair of guinea pigs should be inoculated, one subcutaneously and the 
other intraperitoneally. In order to hasten the test, one or both animals should be tested 
at the end of four weeks with 0.5 c.c. OT tuberculin injected subcutaneously. 

More than three-fourths of the positive animals will be killed within forty-eight hours 
and the diagnosis hastened by three weeks. The chances that any other given animal will later 
prove to have lesions of tuberculosis is one in thirty. 

EOSINOPHILIA, The Effects of Vaccines and Bacterial and Parasitic Infections On, In 

Trichinous Animals, Spink, W, W. Arch. list. Med. 54: S05, 1934. 

The number of circulating cosinophile leucocytes in animals infected with Trichinella 
spiralis was reduced following infection with B. tuberculosis, Staph, aureus and Trypanosoma 
equiperchim. Animals which had received repeated injections of typhoid vaccine responded 
with a rise in the eosinopliilo level. No change was noted following the injection of heat-killed 
tubercle bacilli. 

Studies of the bone marrows from tbe same animals did not reveal a corresponding 
decrease in the number of eosinophile cells. 

Trichinous animals having a superimposed infection of tuberculosis or trypanosomiasis 
had less reaction around the encysted parasites in the muscles than the control amnia s. 
Trichinous animals inoculated with typhoid vaccine showed similar changes in the muscles. 

Trichinous animals subjected to a high level of dry heat responded with an absolute 
rise in the circulating eosinophilic leucocytes. 

No relationship was found between the weights of animals and the level of eosinopliibc 
leucocytes in the peripheral blood. ^ ^ 

The number of circulating eosinophile cells did not appear to be related to the mo 
encystment of Trichinella spiralis in the muscle. 
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HAVERHILL FEVER (Erythema Arthritlcum Epdemicium), Place, E. H., and Sutton, 

L. E. Arch. Int. Med. 54: 059, 1934. 

An epidemic of a disease, apparent!}' a new clinical entity, named epidemic arthritic 
erythema or Haverhill fever, is described. It is characterized by an abrupt onset, often with 
a chill, a rubellaform to morbiliform eruption, often scanty, chiefly on the extremities, with a 
tendency toward hemorrhage into the lesions, and an inflammation of the joints with marked 
pain and tenderness not infrequently of prolonged duration. 

The disease occurred as a markedly localized epidemic and was undoubtedly spread 
through the raw milk supply. 

An organism, described only once before, is believed to be the cause, having been found 
in the blood stream in 11 of the 17 cases in which the blood was cultured and in the fluid of the 
joint in the 2 cases in which the fluid was cultured. 

Agglutinins were present in the blood of the infected persons but absent in the controls. 

Cutaneous reactions to killed suspensions were present in 83 per cent of the patients 
tested late in convalescence, although absent in the controls. 

Although crippling may be marked for a time, recovery tends to occur in from one to 
two months, with a small number of patients having persistent joint symptoms. Ho fatalities 
occurred. 

TUBERCLE BACILLUS, Cultivation of, From the Blood Stream by Loewenstein’s Method 

Maier, E. Am. Rev. Tuberc. 30: 695, 1934. 

In 19S cases of advanced pulmonary tuberculosis, attempts to cultivate the bacillus 
from the blood stream by the Loewenstein method gave negative results. 

LYMPHOGRANULOMA INGUINALE, The Frei Test in. Recovery of Antigen From a 

Pustular Eruption, Strauss, M. J., and Howard, M. E. J. A. 3,1. A. 123: 1830, 1934 

From a small series of experiments the authors conclude that: 

1. If a Frei reaction is strong enough to cause vesicle formation, the contents of this 
vesicle are capable of producing a reaction similar to the Frei reaction in patients with 
lymphogranuloma inguinale. 

2. The substance causing this reaction is probably a remainder of the Frei antigen 

originally injected and not combined with antibodies. ° 

3. These antibodies are not circulating antibodies but fixed antibodies 

It is realized that this brief experiment is not conclusive but they feel that it is e.-u 1' 
to publish the results so that they may be repeated by others who have more material at tiT* 
disposal and that further experiments which theirs suggest may be undertaken. 1 ^ 
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EDITORIAL 


The Treatment of Syphilis 

I N AN epidemiologic study of influenza the writer in 1920 suggested tlie or- 
ganization of an international centralized bureau for epidemiologic and 
similar studies of the problems of infectious disease. That others were think- 
ing along similar lines at that time was soon evidenced by the inauguration 
of the Health Organization of the League of Nations. 

Although the League of Nations may be impotent to cope with the prob- 
lems of warfare among nations, at least one splendid advance may be credited 
to it, namely, its Health Organization. The situation is very similar to that 
accompanying the origin of tlie Red Cross in which doctors and scientists from 
all nations have succeeded reasonably well in collaboration for the good of 
mankind, while the nations themselves continue at each other’s throats. 

One of the problems which has been studied in great, detail by the Organi 
zation has been that of syphilis. Much of the earlier work has been dev ote 
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to standardization of diagnostic methods. The March, 1925, Quarterly Bulletin 
presents a discussion of the results of treatment of this disease, with collabo- 
rative effort from several countries. The countries represented are Denmark, 
Prance, Germany, Great Britain, and the United States. An idea of the stand- 
ing of the collaborators in the various countries may be had from the names 
of those who have represented the United States: John H. Stokes, Udo J. Wile, 
Paul A. O’Leary, J. Earle Moore, H. N. Cole, and several members of the 
Public Health Service. 

Conclusions drawn from the study are based on a total of 25,623 cases, 
approximately three-fifths men and two-fifths women. Prom the study, a pro- 
gram of ideal treatment has been elaborated, which we might term the League 
of Nations Health Organization Program. Since, if such a program is to be 
followed by the individual physician, he should know it in detail, and since 
this program is not generally available in the literature of this country, we 
herewith reproduce it in full as outlined by the Organization. 


1. Treatment should be recommended as early as possible in the seronegative primary 
stage. In this connection, the fullest possible use should be made, for purposes of diagnosis, 
of the microscopic examination of secretions from primary lesions or from lymph glands. 

2. It should be emphasized that, prior to the institution of either of the systems of 
treatment outlined below, there should be an adequate physical examination to determine the 
absence or otherwise of any indication for caution in respect to the dosage. 

3. It is essential that, in carrying out the treatment, a strict supervision of the patient 
be exercised, especially in respect of mucous membranes, skin, kidneys and liver. 

4. Observation, clinical and serologic, after completion of treatment should be adequate 
and in any case for not less than three years. 

5. Adequate examination of the spinal fluid, at least before dismissal from observation 
is essential. 

6. The principles to be followed in carrying out the actual treatment should be as fol- 
lows : 


(a) To employ a comparatively heavy individual dosage of the arsenobenzene and of 

the bismuth or mercurial compounds, the doses being administered in comna ra 
tively rapid succession, especially at the commencement • i a ' 

(b ) To maintain a persistent attack on the disease, avoiding’ intervals of such length 

as to afford the parasite an opportunity of recovering- wngtli 

(c) To administer approximately as much treatment to primary as to secondary cases 

7. The material studied does not enable a clear decision to be m „,i . , 

merits of intermittent treatment with courses of injections in rapid serve • &S t0 the relative 
intervals of some weeks and continuous treatment as defined on pages 149 andTSof V ^ 
Martcnstein’s report, or between the simultaneous employment^ hntb \ ° f Professor 
or mercury, and the system in which bismuth and mercurv arc .- t n !*'' Senical and bism uth 
arsenical injections have been administered. ‘ ‘ " lttl l>eld until a number of 

Nevertheless, it seems practicable, from the results of i • 

■xperienec of the Experts, to formulate a system of anal > sis and fr »m the personal 

inuous treatment, either of which can be expected to ™ Cnt treatmcnt a ”<l one of con- 
■ases or early syphilis. CXpCCfCa lo satisfactory results in ordinary 


ex 

tinuous 

cases or early syphilis. 

It seems possible that the intermittent . 

, )0 continuous, or practically continuous, trlrtmcmt 1 ' '' -' 1 '’ 1 is ^SgeBtcd below may in 
bismuth from the sites of the injection for some weeks '° *!“ COntinucd Sorption o 
, refitment. ' afler an - v te >"P°rary suspension of th 
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FLAN OF INTERMITTENT TREATMENT 
I. Alai os 

For adult males of average ■weight aged less than 50 years and in whom there is no 
contraindication, a number ot courses of injections on the plan described below. It should be 
said that, at the beginning of this course, some administer at once the full weekly dose (0.60 
gm. to 0.75 gm.) , while others divide it into two doses (e.g., 0.30 gm. and 0.45 gm.) so far 
ns the first week is concerned. 


WEEK 

i 

“914” 

“606” 

INSOLUBLE COMPOUND OP 

bismuth* containing 

BI-METAL 

1st 

! 0.6 to 0.75 gm. 

or 0.4 to 0.5 gm. 

and 0.20 to 0.24 gm. 

2nd 

0.6 to 0.75 gm. 

or 0.4 to 0.5 gm. 

and 0.20 do 0.24 gm. 

3rd 

0.6 to 0.75 gm. 

or 0.4 to 0.5 gm. 

and 0.20 to 0.24 gm. 

4th 

0.6 to 0.75 gm. 

or 0.4 to 0.5 gm. 

and 0.20 to 0.24 gm. 

5th 

0.6 to 0.75 gm. 

or 0.4 to 0.5 gm. 

and 0.20 to 0.24 gm. 

Gtli 

0.6 to 0.75 gm. 

or 0.4 to 0.5 gm. 

and 0.20 to 0.24 gm. 

7th 

| 0.0 to 0.75 gm. 

or 0.4 to 0.5 gm. 

l and 0.20 to 0.24 gm. 

Stli 

9th 

0.6 to 0.75 gm. 

or 0.4 to 0.5 gm. 

and 0.20 to 0.24 gm. 
0.20 to 0.24 gm. 
0.20 to 0.24 gm. 

10th 




’ll) By insoluble bismuth is here meant compounds of a very slight solubility in water. 
They should therefore he given in suspension — those ot extremely’ slight solubility (.the oxy- 
chloride. etc.) usually in a watery suspension, those that are more soluble (the subsalicylate, 
the iodo-bismuthate of quinine, the alkaline tartrates, etc.) suspended in a vegetable oil. It a 
liposolublc compound (e.p., the camphocarboxylate, etc.) is preferred, it is desirable that the 
injection be given twice weekly in half doses. 

The dosage of all bismuth compounds should be calculated according to their content in 
bismuth metal. 

(2) As an alternative to bismuth, a course of mercurv may be given, either in the form 
of inunctions (forty days at 3 gm. of Uuguentum hydrarpuH) or of injections (70 mg. calomel 
or 120 mg. salicylate of mercury, etc., suspended in a suitable base). 


It is recommended that: 

(a) In cases which remain or become serologically negative during, or by the end of, 
the first course, four such courses be administered, with intervals of three to five weeks between 
any two courses. 

(b) In cases which have not become seronegative by the end of the first course, in 
addition to the amount of treatment shown in (a), further courses should be administered until 
the patient has received as a minimum three beyond that which has ended with negative serum 
reactions. At the option of the individual clinician, this treatment may be prolonged as may 
be considered necessary. 

(c) Cases presenting signs of clinical relapse of an early type should be dealt with on 
principles similar to those enunciated in (b). 

2. Females 

For females (nonpregnant), treatment should be administered on the plan outlined for 
males, with the exception that the single dose of “914” should be reduced by 0.15 gm. and 
that of “606” by 0.1 gm. 

In the event of any reduction in the amount of treatment being indicated, it is recom- 
mended that this be effected by reducing the number of arsenical injections rather than by 
reducing the individual dose or increasing the interval. 

As an optional scheme more in harmony with the trend toward longer courses, three 
series of ten to twelve injections each of the arsenical drugs may be given. To secure an 
overlapping of the heavy metal and the arsenical, believed hv some observers to protect against 
neurorelapses, begin the bismuth two, three, or even four injections before the end of the 
longer arsenical course, continue it through the period in which the arsenical is suspended, 
and on into the beginning of the next arsenical course. The bismuth is then suspended while 
the arsenical course is completed. 








Plan or Alternating 


Continuous Treatment for Early Syphilis 


day OR 

WEEK 


Day 


1 

5 

10 


‘COG’ 


0.3-0.C 

0.3-0.6 

0.3-0.C 


■Week 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 

18-23 


INTERIM 

TREATMENT 


24 

25 

26 

27 

28 
29 

30-37 


38 

39 

40 

41 

42 

43 
44-53 


54 

55 


50 


SEROL. 

TEST 


remarks 


0.4 

0.4 

0.4 

0.4 

.4 


- 


0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


Bismuth, 4 (loses, | 
0.2 gm, and 
K. I., or TJngt. 
Hg. and K- 1. 


Bismuth, 0 doses 
(or Ungt. Hg.) 
and K. I. 


0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


Bismuth, 8 
(or Hg.) 
K. I. 


doses] 

and 


0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


Bismuth, 10 
(or Ungt. 
and K. I. 


in 

5 S 
59 
00 09 


423 


0.4 

0.4 


0.4 

0.4 

0.4 

0.4 


doses] 

Hg.) 


(Probation 


Bismuth, 10 doses 
(or Ungt. Hg.) 
and K.J. 

Xn treatment 


COG” dosage lor first three injections at level 
of 0.1 gm. for each 25 pounds (11.3 kg.) 
body weight. Average subsequent dosage, 0.4 
gm., men; 0.3 gm., women, the fourth and 
subsequent injections in the first course at 
weekly intervals. In average patient, all 
lesions heal rapidly and blood serologic re- 
action becomes negative during first course. 
If “COG” cannot be used, substitute 8 to 10 
doses 0.3 gm. silver arsphenamine (silver 
salvarsan, silver arscnobenzol, etc.) or 10 to 
12 doses “914” (0.45-0.6 gm. maximum for 
women and 0.6-0.75 gm. for men). This 
applies also to subsequent courses. 

If mercury is used, note overlap of one w T eek 
at end of first and start of second “60G” 
courses. At this point, a few days without 
treatment may be dangerous. Neuro-relapse. 

“606” starts, bismuth stops. Watch for pro- 
vocative serologic reaction after first dose 
of “606.” 

Try to prevent short lapses in treatment, espe- 
cially at this early stage. 


Bismuth is better than mercury. Use it if 
possible. Examine cerebrospinal fluid if 
patient’s cooperation can be secured at about 
this time. If found to be abnormal, con- 
tinue or intensify treatment as required, re- 
examining fluid within six months. 


6-12 


Note that bismuth or mercury courses are 
gradually getting longer — four, six, eight and 
now ten weeks. 

Tlie average seronegative, seropositive primary 
or early secondary patient should have at 
least five courses of “606.” 


It is safer to finish treatment with bismuth 
or mercury rather than with “606.” 


Complete physical and neurologic examination, lumbar punctures -r 
fluoroscopic examination of heart and great vessels puncturcs ’ and » lf 


possible, 
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The bismuth salt advised for this system is bismuth salicylate in oil suspension, in full 
adult dosage with due regard for weight. Other preparations of bismuth may be used 
only with duo regard for an equivalent metallic content and for their rate of elimination. 
The mercurial inunction is 50 per cent metallic mercury in a suitable fatty base, dose 4 gm. per 
inunction, five to six inunctions per week. The use of the iodide is optional, depending on 
indications. 

The use of insoluble mercurials intramuscularly in this system is not recommended. 

It should be further understood that, when heavy metal is employed after the last "GOG” 
course, the heavy metal courses arc to be separated by rest intervals of six to eight weeks 
between each series of ten weeks’ injections, or each course of forty inunctions. 

In cases of primary syphilis which have remained seronegative throughout, a minimum 
of 5 courses of "GOG” or "914” should be given. Cases of seropositive primary syphilis 
should receive the full treatment called for by this system. 
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Basket carrier, simple, for use in tissue de- 
hydration, 1298 

B. C. G., spontaneous occurrence of nonacid- 
fast form in culture of, 9G (Abst.) 

Benzene, laboratory study of, amidopyrine, 
barbital, and phenyl hydrazine in 
relation to agranulocytic angina, 
1199 

Bernard, Claude, experimental methods, in- 
fluence of, on medicine, 1001 

Bile fistula, technic for. in rat and demon- 
stration of indispensability of bile. 
958 

iron and copper in, of man, significance of, 
609 

Bilirubin, blood, Ernst-Foster method of, 1301 
(Abst) 

measuring in. 773 (Abst.) 
excretion test in liver function in pregnancy, 
1211 (Abst) 

residual hepatic damage in catarrhal 
Jaundice ns determined by. 670 
(Abst.) 

Biochemistry of medicine, 992 (B. Rev.) 

Biologic material, alcohol in, simple micro- 
method for determination of, 716 

Bismuth sulphite medium, notes on application 
of, to isolation of B. typhosus from 
feces, 202 

Bladder mucosa, transplantation of, phospha- 
tase in hetcrotoplc bone formation 
following, 250 

Blastomycosis in an infant six months old. 
1164 

Blood, agglutinins in mother's, baby’s blood, 
mother's milk, and placental blood, 
G6G (Abst.) 

and urine, chlorides in. colorimetric micro- 
determination of. 1293 
iodometric estimation of, stable starch 
indicator for, 195 

in renal insufficiency, indican test on. ob- 
servations on, 681 
bactericidal power of, 70 
bilirubin, Ernst-Foster method for. 1301 
(Abst.) 

measuring in. 773 (Abst.) 
cell, monophyletic scheme of, formation for 
clinical and laboratory reference. 
1243 

volume, new method for determination of. 
318 

red, and hemoglobin, diurnal variations in 
concentration of, 708 
resistance of, to hemolysis in hypotonic 
solutions of sodium chloride, 1122 
changes during treatment of secondary and 
pernicious anemia, mechanism of, 13 
chemistry, comments on analyses of. of circa 
600 patients with common skin dis- 
eases, 1048 

cholesterol and thyroid disease, 778 (Abst.) 

colorimetric determination of, simplified 
technic for, 307 

in man, effect of alpha dinitrophenol 
(1-2-4) on, 56 

method for determination of, 410 
citrated, simple apparatus for keeping, warm 
during injection, 321 

concentration of indoxyl compounds (indi- 
can) in, 850 

culture of whole, direct, in detecting tubercle 
bacilli in blood stream, study of com- 
parative value of Lowenstein method 
and, 1063 

during first year of life, 557 (Abst.) 
films, preservation of, 954 


Blood, Cont’d 

film technic, thick, comments and pro- 
cedure on. 289 

for sedimentation test, standardizing cell 
volume percentage of any, simple 
and accurate method for, 033 
groups and therapeutic malaria, 96 (Abst.) 

theory and medicolegal application, 783 
iodine after total thyroidectomy in man, 
812 

studies, 813 

morphology, menstrual Influence on, note on, 
253 

nonprotein nitrogen, micromethod for de- 
termination of, 316 

selenium as a catalvst In determination 
of, 1204 

prognosis of coronary thrombosis based 
on, 279 

occult, an improved test for. 561 (Abst.) 
phospholipids and urinary phosphate, rela- 
tion between, during absorption of 
fats. 920 

plasma and urine, constancy of, iron in. in 
health and disease, 778 (Abst.) 
platelets, enumeration of. 416 
sampling procedure, an experimental, 1080 
sedimentation in tuberculous children, 324 
(Abst.) 

meteorologlc effects on. 1212 (Abst) 
rate, relationship between fibrinogen con- 
tent of plasma and. 216 (Abst.) 

determinations in pulmonary tubercu- 
losis. significance of, 775 (Abst) 
simplified technic for. 884 (Abst) 
serum, lipase and esterase In. 271 
stream, brucella abortus agglutinins in, are 
they produced by active or passive 
immunization? 727 
cancer cells In. 888 (Abst.) 
cultivation of tubercle bacillus from, by 
Eoewensteln's method, i305 (Abst) 
tubercle bacilli in. study of comparative 
value of Gowcnstein method and 
direct culture of whole blood in de- 
tecting. 1063 

studies of. In normal pregnancy. 560. SS4 
(Absts. ) 

sugar, Folin-AVu method using permanent 
standards, micromodification of, 86 
high, further observations on patient with. 

but no glycosuria, 1111 
technic. Hagedorn-Jensen, in cases of 
phlorhlzinlzation, note on use of, 192 
transfusions, effects of, on donors, 593 
from immune donors, acute poliomyelitis 
therapy by, G6G (AbsL) 
urea in, determination of. note on, by Folin 
distillation method. 983 
low concentration of, clinical significance 
of, 141 

nitrogen, high, not due to chronic nephritis, 
117,0 

AVassermnnn cases, comparative study of 
differential leucocyte counts in 100 
positive and 100 negative, 733 
test in 500 cases of neurosyphllls with 
positive cerebrospinal fluids, 698 
Bodies, negri, rapid method for demonstration 
of, 659 


Body fluids, test for alcohol in, specificity of. 
885 (Abst.) 

Bone formation, heterotopic, phosphatase in. 

following transplantation of bladder 
mucosa, 250 

marrow dvserasias, response to infection in. 
362 

Book reviews, 102, 218, 328, 562. 779. 992, 1107 

L’otelho reaction as modified by Itchikowa, SS7 
(Abst.) 

Bowel, accidental Injury to. during intrnpen- 
toneal injection, 155 

Brain, benign encapsulated tumors, in lateral 
ventricles of, 562 (B. Kev.) 

Breast tumors, benign, physiopathologic con- 
ception of some, 773 (Abst.) 

Bromsalizol, pharmacologic and therapeutic 
study of, or mono-brom sangenm. 


127 

Bnicella abortus agglutinins in blood steerin' 
are tliev produced by actu e or pas 
sive immunization? 72i 
infections in animals and man. 104 (&■ n 
Bundle-branch block, concomitant con p 
heart-block and, 116 ‘ 
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Calcium, scrum, in arthritis, 929 
Calibration of clinical oxygen regulators. 

simple method for, 526 
Camera for routine photomicrography, a 
special, 979 

Letca, clinical photography with, aat) 

Cancer, Botelho reaction as modified by Itchi- 
kowa, 887 (Abst. ) 
cells in blood stream, 8SS (Abst.) 

Gruskln skin test for diagnosis of, experi- 
ences with. 468 

quantitative modification of Bendien reac- 
tion in serodiognosis of malignancy in 
Filipinos, 886 (Abst.) 

Carbohydrates, bacterial, 991 (Abst.) 

Carcinoma and schistosomiasis of appendix. 
602 

complement fixation reactions in, 923 
mouse, total sulphur of tissue in normal and 
abnormal growth, 11-13 
of duodenum, primary, 150 
of lung, primary, 1227 
Cardiac vasculature, autonomic control of, 
observations on, 895 

Cardiovascular system in protected and un- 
protected animals with acute diffuse 
peritonitis, 1180 

Carotene and vitamin A in patients with dia- 
betes metiitus, studies on effect of 
administration of, 1266 
Carriers, 115 (Abst.) 

detection of, among food handters in Con- 
necticut, 555 (Abst.) 

Cell, blood, monophyletic scheme of, forma- 
tion for clinical and laboratory - ref- 
erence, 1243 

volume, blood, new method for determina- 
tion of. 318 

packed, comparison of various concentra- 
tions of sodium oxalate solution with 
heparin for determination of, 385 
percentage, simple and accurate method 
for standardizing, of any blood for 
sedimentation test, 633 
Cells, bacterial, for analysis, mass culture ap- 
paratus for securing, 977 
red blood, and hemoglobin, diurnal varia- 
tions In concentration of, 708 
resistance of, to hemolysis In hypotonic 
solutions of sodium chloride, 1122 
Central nervous system, reaction of different 
parts of, variations in, as influenced 
by depressant and stimulating drugs, 

1 

Cerebral anaphylaxis, local. In dog, 1238 
Cerebrospinal fluids, blood Wassermann test 
in 500 cases of neurosyphilis with 
positive, 698 
protein analyses In, 312 
stability of sugar in, 752 
Chemistry, biologic, laboratory manual, 329 
(B. Rev.) 

wood, analyses of, comments on. of circa 
500 patients with common skin 
diseases, 1048 
of cresyl violets. 1185 
of hormones, 105 (B. Rev.) 

Chlorides, estimation of, note on Friend's 
method for, 302 

in blood and urine, colorimetric microde- 
: f, 1293 

" 1 of in blood and urine. 

. hi ■ , Indicator for. 195 

mine, v. 1th mercuric nitrate, determination 
of, 303 

Cholesterol .Wood, and thyroid disease, 778 
(Abst.) 

colorimetric determination of, simplified 

("hole for, 307 

In man, Mjeni ,)f alpha dlnltrophenol (1-2- 
ron '{Zni7r IT 11 "* 1 , ' ,T determination of, 410 

S plasma In arthritis, 675 

rs. ,,s ( a mechanism of fat metabolism. 

'elation ,.f to oWlty ani , fo fiomc 

i Vi fr degenerative diseases, 
(Abst.) 

I-ihr 'OaVr^tubeWuloM^^CoTtAbsh) 


Cirrhosis and neoplasms of liver, modified 
mercuric chlorid reaction in. il< 
(Abst.) 

hepatic, with special reference to, nonglucose 
reducing bodies in blood and their 
variation in suger tolerance tests. 
1302 (Abst.) 

of liver value of Takata and Ara reaction 
as a diagnostic and prognostic aid 
in. 902 

Coccidloldc-s immitis, study of, 47 
Colloidal carbon flocculation test In spinal 
fluid, further observations on, 314 
gold reaction in 500 cases of neurosyphilis. 
383 

solution, stable, standardized, 545 
Colorimeter, Vim-Sheftel, for general use, 
altering the, 975 

Colorimetric determination of blood cholesterol, 
simplified technic for, 307 
microdetermination of chlorides in blood and 
urine, 1293 

Complement fixation in diagnosis of lympho- 
granulomatosis venerea, 629 
reactions in carcinoma, 923 
Copper in bile of man, significance of iron and, 
609 

Coronary thrombosis, prognosis of, based on 
nonprotc-in nitrogen in blood, 279 
Correspondence, 112, 336, 450, 999 
Corynebacterium diphtheriae and related or- 
ganisms in Maryland, study of, 1024 
Costa reaction. 531 

Cough plate examinations for B. pertussis, 99 
(Abst.) 

Count, differential, at high altitudes, 723 
Creatine in urine, method for determination of, 
972 

metabolism with especial reference to heart 
disease, 890 (B) 

Creatinine clearance during hyperthermia of 
diathermy and fevers, 345 
Cresvlecht violet, metachromatic properties of, 
observations on intensifying, 1185 
Culture media, apparatus for rapid and ac- 
curate tubing of, a convenient. 1196 
serum, preventing air holes in, 1193 
Cyanide poisoning, 1104 (Abst.) 
Cyclomastropathy, 773 (Abst.) 


Dehydration, tissue, simple basket carrier for 
use in, 1298 

Dextrose, hypertonic solutions of, effects of 
intravenous administrations of, 773 
(Abst.) 

tolerance, an infection, 1101 (Abst.) 
Diabetes, hypoglycemia in. associated with 
obstruction of pancreatic duct. 
989 (Abst.) 

mellitus, carotene and vitamin A in patients 
with, studies on effect of administra- 
tion of, 1266 

Diabetic chart, fractional urine, 657 
manual for patients, 219 (B. Rev ) 
Diagnosis, physical and clinical, 780 (B. Rev ) 
Diathermy and fevers, hyperthermia of creat- 
inine clearance during, 345 
Dick test, ^specificity of, observations relating 

Diets, high 'protein, effect of, on kidney func- 
tion in dogs, 11 C2 

influence of, upon toxicity of ethvlhvdro- 
cupreme hydrochloride. 944 * 
protein, weight reduction with high 84 3 
Differential count at high altitudes, 722 
stain, simple, for human hvpophvsis =snx 
Digestion, peptic.^ effect of mucin and m'ucinoids 
on, 1G5 

sputum, method of. preliminary to culture 
for tubercle bacilli, 976 u e 

Dmitrophenol therapy, peripheral neuritis and 
abortion following, ins 
Diphtheria immunization with a sinele i n 
lection of highly purified formol- 
toxoid and AD(OH),. 451 Iortn01 
toxoid, evaluation of, and methods of im- 
munization. 323 (Abst.) 
immunity produced by. 444 (AbstA 
Diseases, ^commoner, treatment of, 303 (B. 

Diuretics, ■' * -I without theo- 

’ . . <■> .'a.tlons on com- 

• ■’ ■ of. 1252 
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Diurnal variations In concentration of red 
blood ceils anti hemoglobin, 70S 
Doctor as inventor, 598 

Donors, effects of blood transfusions on, 593 
Drop preparation, hanging, vaseline dispens- 
er for, 978 

recorder, photoelectric, 90 
Drugs, depressant and stimulating, variations 
in reaction of different parts of cen- 
tral nervous system as influenced bv, 
1 

Duct, pancreatic, obstruction of, hypoglycemia 
in diabetes associated with, 989 
(Abst. ) 

Duodenum, primary carcinoma of. 150 
Dyes and allied compounds, bacteriostatic and 
bactericidal studies of various, G89 
Dyscrasias, bone marrow, response to infection 
in, 362 

Dysentery, 986 (Abst.) 
bacilli, classification of, 111 (Abst.) 

E 

Edema, concentration of serum protein in dif- 
ferent types of, 666 (Abst.) 
Editorial, Bacon was right, .730 
Bacteriologie study of food handlers. 109 
Creatine metabolism with especial reference 
to heart disease, S90 
Dissertation upon life in laboratory, 673 
Etiology of granulopenia (agranulocytosis). 
1108 

Glycine, glycocoll. or amino-acetic acid. 996 
Inversion of uterus, 561 
John James Rickard Macleod, 99-1 
Laboratory diagnosis of tuberculous infec- 
tion in childhood. 222 
Mills of gods and anesthesia. 781 
Postoperative wound infections. 333 
Problem of peptic ulcer, 417 
Skilled labor, 106 
Staff meetings and statistics, 221 
Treatment of syphilis, 1306 
Vaccination against acute anterior poliomy- 
elitis. 1216 

Eggs of lieterodcra radlclcola in human feces, 
occurrence of. 390 

Ehrlich reaction, false, caused by pyridium 
medication — urobilinuria, ' 61 
Electrocardiography, 328 (B. Rev.) 
Electrodialysis apparatus for use witli alter- 
nating current. 9S1 
Embolism, fat, 945 

urinalysis in. technic of, 631 
Encephalitis, chronic, influenza vaccine in 
treatment of. 1043 

epidemic, cell counts In, and tuberculous 
meningitis, 442 (Abst.) 
epidemiology of, St. Louis type, 1102 
(Abst.) 

results of a study as to a possible rela- 
tionship of Pfeiffer bacillus and, 2043 
Endo medium, can it be standardized? SS9 
(Abst. ) 

Endocrinology, recent advances in, 993 (B. 
Rev. ) 

Enteritis, acute, in infants and young children, 
325 (Abst.) 

relationship of shigella alkalcsccns to other 
members of shigella group, 97 
(Abst.) 

Enterographic technic, further notes on, 496 
Eosinophilia, effects of vaccines and bacterial 
and parasitic infections on. in trichin- 
ous animals, 1304 (Abst.) 
in syphilis, 733 

rapid method for determination of, HOG 
(Abst. ) 

Epidemiology of epidemic encephalitis, St. 

Louis type, 1102 (Abst.) 

Ervthoma arthriticum epdemicium (Haverhill 
fever), 1305 (Abst.) 

Erythrocytes, elliptical human, 375 
in chorionic capillaries, histologic diagnosis 
of age of pregnancy from percentage 
of, 667 (Abst.) 

in hemolytic jaundice, mechanism of in- 
creased fragility of, 988 (Abst.) 
of man, volume thickness index of, 567 
sedimentation rate of, factors influencing, 
257 

test, on a new model of pipette for. 1082 
volume of, percentage of hemoglobin com- 
pared to, 767 

Esterase in blood serum, lipase and, 271 


Ethylhydrocuprcine hydrochloride, influence of 
diet upon toxicity of, 944 
Evipal, experiments witli, in prolonged anes- 
thesia. 1260 

Exsanguination- transfusion, mercuric chloride 
poisoning treated by, a case of, 231 


Eat embolism, 945 

urinalysis in, technic of, 631 
metabolism, mechanism of. cholesterol esters 
us a. 144 

I>'ceat bacteria, differentiation of A. aerogent-s 
and A. cloacae on basis of hydrol- 
ysis of sodium hlppurate, 560 
(Abst.) 

Feces, human, occurrence of eggs of lieterodera 
radlclcola In, 390 

isolation of B. typhosus from, notes on ap- 
plication of bismuth sulphite medium 
to, 202 

tubercle bacilli in, demonstration of, sputum. 

and stomach contents of tuberculous 
children. 215 (Abst.) 
sputum and, of children without pul- 
monary tuberculosis, 216 (Abst.) 
Feeding device, a new rat, 970 
Female pelvic organs, tumors of. 779 (B. ltcv.) 
Fevers and diathermy, hyperthermia _ of, 
creatinine clearance during, 345 
Haverhill (erythema arthriticum epdemi- 
cium), 1305 (Abst.) 

rat-bltc, acquired from a dog, SS6 (Abst.) 
relapsing, in children. 889 (Abst.) 
undulant. intradermal test in, 522 
Fibrinogen content of plasma and blood sedi- 
mentation rate, relationship between, 
216 (Abst.) . 

micro-KJcldahl tcclmic for determining. i» 8 
Fistula, bile, technic for, in rat and demon- 
stration of Indispensability of bile, 
90S . , 

Flocculation test, colloidal carbon, in spinal 
fluid, further observations on. 314 
Fluids and tissues, biologic determination and 
recognition of lead in, 648 
Folin distillation method, note on determina- 
tion of urea in blood by, 983 
Folln-AVu blood sugar method, micromodlnca- 
tfon of. using permanent standards, 
86 

Food handlers, bacteriologic study of, 109 (E) 
poisoning, suggested laboratory procedures 
for use In determining cause of, 9» 
(Abst.) , , 

Formaldehyde, effect of, on growth of tubercle 
bacilli. 1165 ^ r _ 

Formol-toxoid, highly purified, and AL(OH)i, 
diphtheria immunization with a 
single injection of, -151 
Frequency vibrations, low, suspension damped 
for, 968 . „ ,, 

Friend's method for estimation of chlorides. 

note on. 302 . . . . 

Fungi, pathogenic, genera of, an abridged 
key to, 113 . . 

Fungicidal power of phenol derivatives, 


Gas analysis apparatus, new device for oxygen 
absorption in, 1084 . 

Gastric analysis, detection of free acid in 
patients with suspected anaclciit}, 
1103 (Abst.) , . , 

and duodenal ulcer, treatment of, oiai ad- 
ministration of metaphen in, 

contents, tubercle bacilli in, of tubercu- 

lous children, 215 (Abst.) 

Genera of pathogenic fungi, an abridged He. 

to, 113 .. lift? 

General practice, definite diagnosis in, Ai ''‘ 

Glucose tolerance in children and adolescents, 
664 (Abst.) . qqg 

Glycine, glycocoll, or amino-acetic acid, 

Glycocoll, ^glycine, or amino-acetic acid, 996 
(B. Rev.) 

Glycosuria, familial renal, 60a 

high blood sugar without^ further ^obs 

’and its treat- 


Gold salts 
solution, 


idardized. 545 



SUBJECT INDEX 


1321 


Gonococci, new medium for Isolation of, In 
vitro, 667 (Abst. ) . 

Gonococcklal action of nuillopbenc in urine, 
observations on, ;>3 c 

Gonorrhea, treatment of acute, b 5' "f™ f 
new gonococcic vaccine of low t.ox 
iclty, 1103 (Abst.) _ ^ „ 

Granulocytopenia, etiology of, rflle of amidopy- 
rine In, with special reference to its 
chemical structure, 33 

primary, etiology of (agranulocytic angina), 

99 (Abst.) , , t 

Granulocytosis, reappearance of. in case oi 
recurring agranulocytosis aitci large 
doses of amidopyrine, GIG 
Granuloma inguinale, etiology of, some studies 
on, 353 „ , 

sensitization and antibody production in, 
671 (Abst.) 

Granulopenia and amidopyrine, GIG 
etiology of, 1108 (E) fl 

following use of barbiturates and ammopj - 
rine, 321 (Abst.) . . 

Gravimetric method of determining oxygen 
- *- 409 

Greece, 

Gruskin ■ ■ of cancer, ex- 

periences with, 468 

H 

H and O agglutination technic, value of, in 
routine Widal examinations, 038 
Haden-Hausser hemoglobinomcter, ne%v clinical 
model of, 762 

Hagcdorn-Jcnsen blood sugar technic in cases 
of phlorhizinization, note on use of, 
192 

Halogen phenol derivatives, homologous, bac- 
tericidal and fungicidal action of, 
and its quasi-specific character, 40 
Handbook of anesthetics, 993 (B. Rev.) 
Handbuch der chemotherapie, 563 (B. Rev.) 
Haverhill fever (erythema arthriticum epde- 
micium), 1305 (Abst.) 

Heart-block, concomitant complete, and bunule- 
branch block, 1167 ... 

Heart disease, creatine metabolism with 
especial reference to, 890 (.E) 
rheumatic periarteritis nodosa associated 
TT With, 1212 (Abst.) 

Hemagglutinins, minor, 1035 
Hematologic diagnosis, modified technic for 
sternal puncture and its value in, 

TT 286 . , 

Hemoglobin-bilirubin interrelation in icterus 
neonatorum, van den Bergh reaction 
(ring test technic) and, 817 
Hemoglobin, content of elliptical human 
erythrocytes, observations of size, 
volume and, 375 

of red corpuscles, classification and treat- 
ment of anemia on basis of differ- 
ences in average volume and, 987 
. (Abst.) 

determinations, tenth normal hydrochloric 
acid as a diluting fluid for combined 
leucocyte and, 766 

diurnal variations in concentration of red 
blood cells and, 708 
micromethod for estimation of, 66 
Percentage of, compared to volume of eryth- 
,, , rocytes, 767 

iiemoglobinometer, Haden-Hausser, new' clini- 
_ cal model of, 762 

nomograms, 6,000 Schilling, hemography in 
diagnosis, prognosis, and treatment 
it.,,, based on, 172 

tmography — controlled nonspecific immuno- 
transfusions in treatment of septice- 
. ii m * a and °fher acute infections, 482 
,n diagnosis, prognosis and treatment based 
i| 0 ,„ - lt . 0n 6,000 Schilling hemograms, 172 
noijfiis, resistance of red blood cells to. in 
hypotonic solutions of sodium chlo- 
ride, 1122 

emophllia, administration of ovarian sub- 
stances In. negative effect of p ro- 
llon tri** ,on &ed. 101 (Abst.) 

-i arm, comparison of various concentrations 
of sodium oxalate solution with, for 
determination of packed cell volume. 


Ueimtlc 


385 


C ! rr l , ? s s: nonglucose reducing bodies 
in blood and their variation in sugar 
tolerance tests, with special reference 
to. 1302 (Abst) 


Hetcroagglutinins. study of single human blood 
containing autoagglutinin, hemoly- 
sins, ■and a louleau-formins sub- 
stance, 1035 

Hctcrodcra radlcicola, eggs of, in human feces, 
occurrence of, 390 

Hctcropliile antibody reaction in diagnosis of 
Infectious mononucleosis, 538 
Histology, 562 (B. Rev.) 

textbook of, 328 (B. Rev.) 

Hookworm, diagnosis of, comparison of effi- 
ciency of Stoll egg-counting technic 
with simple smear method in, 1213 
(Abst.) 

Hormones, other expensive substances, and 
Bagg albino mice for testing, 1194 
chemistry of, 105 (B. Rev.) 

Hydrochloric acid, tenth normal, as a diluting 
fluid for combined leucocyte and 
hemoglobin determinations, 766 
Hydrochloride, ethylhydrocupreine, influence of 
diet upon toxicity of, 944 
Hyperglycemia and glycosuria, transitory, fol- 
lowing discontinuation of insulin, 
1008 

Hyperpyrexia, effects of, induced by physical 
means upon complement-fixing anti- 
bodies, 227 

radiation upon leucocyte count, 216 
(Abst.) 

reaction following intravenous therapy, study 
of, 777 (Abst.) 

Hypertension, malignant, histologic changes in 
kidneys in, 671 (Abst.) 

Hyperthermia of diathermy and fevers, crea- 
tinine clearance during, 345 
Hypocalcemia and migraine, 442 (Abst.) 
Hypoglycemia in diabetes associated with 
obstruction of pancreatic duct, 989 
(Abst.) 

Hypophysis, anterior, method for quantitating 
reducing substance of, 74 

I 

Icteric index determination, Meulengracht’s. on 
technic of, 201 

Icterus neonatorum, van den Bergh reaction 
(ring test technic) and hemoglobin- 
bilirubin interrelation in, 817 
Immunity phenomena in tuberculosis, 1153 
produced by diphtheria toxoid. 444 (Abst.) 
Immunization, active or passive, are brucella 
abortus agglutinins in blood stream 
produced by? 727 

diphtheria, with a single injection of highly 
purified formol -toxoid and AL(OH)i, 
451 

methods of, and evaluation of diphtheria 
toxoid, 323 (Abst.) 

Immunology, slide precipitation and agglutin- 
ation studies in, new slide and band 
shaker for use in. 54 3 

Immunotransfusions, controlled nonspecific, in 
treatment of septicemia and other 
acute infections — hemography, 482 
Impetigo contagiosa, prophylaxis of, 44 o 
(Abst.) 

Index, volume thickness, of erythrocyte of 
man, 567 

Indican test on blood and urine in renal in- 
sufficiency, observations on, 681 
Indoluria, studies on, 1017 
Indoxyl compounds (indican) in blood, con- 
centration of, 850 

Inert materials, observations on intestines of 
rats fed, 475 

Infections, brucella, in animals and man 104 
(B. Rev.) 

focal, necessity for revising common con- 
ception of, 100 (Abst.) 
of human parasitic worms under institutional 
conditions, studies on. 10G9 
Infestation, taenia saginata, transduodenal 
treatment of, 841 

Influenza, epidemic, note on suggested 
epidemiologic relationship or certain 
. i ' n A of green streptococci to, 989 
(Abst.) 

vaccine In treatment of chronic encephalitis 
1 IJ 4 3 * 

Injection, intraperitoneal. accidental injure to 
bowel during. 15r> 

Insufficiency, renal, indican test on blood and 
urine in, observations on, CS1 
Insulin, effect of bacteria on. 160 
In metabolism in nondiabetic patients a 
study of r61e of. 100g ’ a 
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Intercostal muscles, action potentials from, be- 
fore and after unilateral pneumec- 
tomy, 623 

Internal Jugular vein, puncture of, for diagnos- 
tic purposes, 1097 

International medical annual, 102 (B, Rev.) 
Intestinal toxemia syndrome, 801 
tuberculosis in 1,100 autopsies, 130-1 (Abst.) 
Intestines of rats fed inert materials, observa- 
tions on, -175 

small, new procedure for Introducing solu- 
tions directly Into, of experimental 
animals, 301 

Intraderinal test in undulant fever. 522 
Intraperitoneal Injection, accidental injury to 
bowel during, 155 

Intravenous administration, thermal control 
of solutions for, an apparatus for, 
506 

therapy, study of hyperpyrexia reaction fol- 
lowing. 777 (Abst.) 

Inventor, doctor as, 598 
Inversion of uterus, SGI IE) 

Iodine, blood, after total thyroidectomy In man, 
S13 

studies. 813 

Iodometric estimation of chlorides in blood and 
urine, stable starch Indicator for, 195 
Iron and copper in bile of man. significance of. 
609 

constancy of, In blood plasma and urine in 
health and disease, 778 (Abst.) 

Iron deficiency anemia, diagnosis and treat- 
ment of, 1302 (Abst.) 

Items. 335, 894 

J 

Jaundice, catarrhal, residual hepatic damage 
in, as determined by bilirubin excre- 
tion test, G70 (Abst.) 
effect of, on Intradermally Injected salt solu- 
tion. 719 

hemolytic, mechanism of Increased fragility 
of erythrocytes in. 988 (Abst.) 
in syphilis, a study of. 559 (Abst.) 

Jugular vein, internal, puncture of, for diag- 
nostic purposes, 1097 

Juvenile paretic neurosyphills studies, SOG 
K 

Ivahn test, antigen mixing tube for. 754 
Kala-azar. new diagnostic test for, 443 (Abst.) 
Kaolin, treatment with, intestinal toxemia 
syndrome. 801 

Kelly test and Friedman modification of Zon- 
dek-Aschheim test for pregnancy, 
comparative study of, G3 
Kidney function in dogs, efCcct of high pro- 
tein diets on, 11G2 

in malignant hypertension, histologic changes 
in, 671 (Abst.) 

Kymograph tracings, simple method for mani- 
folding of, 199 
L 

Labor, skilled? 10G (E) 

Laboratory' as an approach to anemic therapy, 
714 

diagnosis of tuberculous infection in child- 
hood. 222 (E) 

dissertation upon life in, 672 (E) 
manual of biologic chemistry. 329 (B. Rev.) 
Lavage, gastric, examination of material ob- 
tained by, four years’ experience 
with, 558 (Abst) 

Leica camera, clinical photography with. 550 
Leucocyte and hemoglobin determinations, 
tenth norma! hydrochloric acid as a 
diluting fluid for combined, 7G6 
counts, differential, comparative study of, 
in 100 positive and 100 negative 
blood Wassermann cases, 733 
effect of hyperpyrexia induced by radiation 
upon, 216 (Abst) 

following obstetric analgesia produced by 
pentobarbital sodium, 217 (Abst) 
Leucocytosis after parenteral injection of liver 
extract, 668 (Abst) 

Lipase and esterase in blood serum. 271 
Lipid phosphorus, determination of. 1090 
Lipoids, acetone insoluble, in relation to Was- 
sermann reaction, note on, 324 
(Abst) 

influence of certain, on growth of rabbit 
neoplasm, 1077 

Liver cirrhosis of, value of Takata and Ara 
reaction as a diagnostic and prog- 
nostic aid in, 902 


Liver, Cont’d 

extract, leucocytosis after parenteral In- 
jection of, 068 (Abst.) 
function, cinchoplien oxidation test of, in 
pulmonary tuberculosis, 669 (Abst) 
in pregnancy, bilirubin excretion test in, 
1211 (Abst.) 

nodular granulomatous lesions of spleen, and 
lymph nodes. 236 

rose bengal test of, photclomctric method. 
1297 

tyrosinurla in disease of, origin and signif- 
icance of, 777 (Abst.) 

Lobar pneumonia, artificial pneumothorax in 
treatment of, 889 (Abst.), 914 
Liiwcnstein’s method, frequency of tuberculous 
bnclllcniia by, 669 (Abst) 
study of comparative value of, and direct 
culture of whole blood in detecting 
tubercle bacilli In blood stream, 1063 
Lung, primary carcinoma of, 1227 
tuberculous, Inhaled silica and its effect on 
normal and. 1102 (Abst) 

Lymph, chemical study of, in experimental 
pneumonia, 460 

nodes, nodular granulomatous lesions of 
liver, spleen and, 236 

Lymphocyte reaction in tuberculosis, 670 
(Abst.) 

Lymphogranuloma inguinale, Frel test in, re- 
covery of antigen from pustular erup- 
tion, 1305 (Abst.) 
inguinale, virus of. 393 
Lymphogranulomatosis venerea, complement 
fixation in diagnosis of, G29 

M 

Macleod, John James Rickard, 995 (B) 
Maggots, sterile, for surgical use, improved 
methods in culture of, 77 
surgical, 1219 

Malaria, blood groups and therapeutic, 96 
, (Abst) 

studies in Greece, S76 
Malarial parasites, vital staining of, 1094 
Maliophcne in urine, observations on gonococ- 
cidal action of, 53 

Mnmmalinn laboratory, solution pressure dome 
for. 207 

Media, culture, convenient apparatus for rapid 
and accurate tubing of, 1196 
serum culture, preventing air holes in, 1193 
Medical research. South African institute for, 
562 (B. Rev.) 

Medicine, biochemistry. 992 (B. Rev.) 
influence of Claude Bernard’s experimental 
methods on. 1001 
recent advances, 104 (B. Rev.) 
synopsis of, 779 (B. Rev.) 

Medicolegal application, blood groups, theorj 
and, 785 

necropsy, 219 (B. Rev.) 

Meningitis-, tuberculous, cell counts in epidemic 
encephalitis and, 442 (Abst.) 
tryptfipliane test in, 775 (Abst) 
Meningococcus, precipitation reactions of. witn 
immune scrums in agar plates in re- 
lation to antigenic activity, 1300 
(Abst.) , . 

Menstrual influence on blood morphology, note 
on, 253 ... 

Mercupurin, mercurial diuretics with and with- 
out, some observations on compara- 
tive effectiveness of, 1252 
Mercurial diuretics, comparative effectiveness 
of, with and without theophylline 
(mercupurin, salyrgan, etc.), some 
observations on, 1252 , 

Mercuric chloride poisoning, a case of. treateo 
,. .. I--,, *■ 231 

Mercurv , ■ ■ " Vbst.) 

Metaboiis ■ ■ , tee to 

heart disease, S90 (E) 
fat, mechanism of, cholesterol esters as a, 
144 

in nondiabetic patients, study of rflle of in- 
sulin in, 1D0S 

phosphorus. 920 , , , 

Metachromatic properties of cresylecht tioiei, 
observations on intensifying. 11M> 
Method, Foiin distillation, note on '!* termlna 
tion of urea in blood by, 983 
for enumeration of microscopic object, genet - 
ally applicable, 1088 

for research workers, statistical, livt . .. 

Ldwenstein’s, frequency of tuberculous bac 
lemia by, 669 (Abst.) 
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Methylene blue, Intravenous Injection of, in 
man with reference to its toxic sy mp 
toms and effect on electrocardiogram. 

Meulengraclit's icteric index determination, on 

technic of, 201 , , 

Microdetermination, colorimetric, of cliloildes 
in blood and urine, 1293 
Micro-KJeldahl technic for determining ftbrlno- 

MicrometlKKp' for determination of alcohol in 
biologic material, 716 
of blood nonprotein nitrogen. 31G 
for estimation of hemoglobin. 66 
Microorganisms, pathogenic, 102 (B. Rev.) 
Microprojection apparatus, more convenient, J3 
Microscopic objects, generally a PP“5 a ^ IC 
method for enumeration of, loss 
Migraine and hypocalcemia, 442 (Abst.) 

Milk, effect of temperature of incubation upon 
agar plate count of, 555 (Abst.) 
Moniliases, pulmonary, 885 (Abst.) 

rabbit, effect of thymol on progress of, 5i2 
Mono-brom satigenin, pharmacologic and thera- 
peutic study of bromsalizol or. 12 < 
Mononucleosis, infectious, diagnosis of, hetero- 
phile antibody reaction in, 538 
Monophytetic scheme of blood cell formation 
for clinical and laboratory reference, 
1243 

Motor-blower, valves versus, 436 
Mouth, diseases of, and their treatment, 992 
(B. Rev.) 

Mucin and mucinoids, effect of, on peptic diges- 
tion, 165 

Mucinoids and mucin, effect of, on peptic diges- 
tion, 165 

Muscles, intercostal, action potentials from, be- 
fore and after unilateral pneumec- 
tomy, 623 

N 

Necropsy, medicolegal, 219 (B. Rev.) 

Negri bodies, rapid method for demonstration 
. of, 659 

Neoplasms, rabbit, influence of certain lipoids 
on growth of, 1077 

Nephritis, chronic, high blood urea nitrogen not 
due to, 1170 

Nervous system, central, reaction of different 
parts of. variations in, as Influenced 
by depressant and stimulating drugs, 

Neuritis, peripheral, and abortion following 
,, dinltrophenol therapy, 1118 

Neuropathology, 218 (B. Rev.) 

Neurosyphilis, blood Wasserrnann test in 500 
cases of, with posltfve cerebrospinal 
fluids, 698 

colloidal gold reaction in 500 cases of, 383 
Juvenile paretic studies, 806 
Neutropenias, effect of leucocytic cream injec- 
tions in treatment of, 327 (Abst.) 
News and notes, 566 

Nitrate in animal tissues, determination of, 

_ 755 

mercuric, determination of urine chlorides 
.... with, 303 

Nitrogen, high blood urea, not due to chronic 
nephritis, 1170 

nonprotein, blood, micromethod for deter- 
mination of, 316 

in blood, prognosis of coronary thrombosis 
based on, 279 

selenium as a catalyst in determination 
.. of, 1204 

Nodular granulomatous lesions of liver snleen 
.. and lymph nodes, 236 

Nonprotein nitrogen in blood, micrometliod for 
determination of, 31 c, 

Prognosis^ of coronary thrombosis based 

selenium as catalyst l n determination of. 

O 

Obesity, treatment of, a new drug for detec- 
tion and estimation of A-Vlinltrn 
phenol, CG4 (Abst.) A alnltr0 ’ 

4Vrvt<ir ntudta* In, 401 

Obstetric analgesia produced by pentobarbital 

2t7' U fAbsU COC - VtC 
OrcluMon of portal vWn 93 a 
Operative J-^^des TIerexperimentcs. 780 


Ovarian substances, administration of. in hemo- 
philia, negative effect of prolonged, 
101 (Abst.) 

transplantation, method for, on rabbits used 
for Aschheim-Zondek test for preg- 
nancy, 520 

Oxygen absorption, a new device for, in gas 
analysis apparatus, 1084 
consumption in man, gravimetric method of 
determining, 4 99 

regulators, clinical, simple method for cali- 
bration of, 526 


Parasites, malarial, vital staining of, 1.094 
Pathogenic fungi, genera of, an abridged key 
to, 113 

microorganisms, 102 (B. Rev.) 

Pediatrician, compleat, 220 (B. Rev.) 

Pelvic organs, female, tumors of, 779 (B. Rev.) 
Peptic digestion, effect of mucin and mucinoids 
on, 165 

ulcer, problem of, 447 (13) 

Periarteritis nodosa associated with rheumatic 
heart disease, 1212 (Abst.) 
Peripheral vessels, 947 

Peritonitis, acute diffuse, cardiovascular sys- 
tem in protected and unprotected 
animals with, 1180 
Pernicious anemia, 988 (Abst.) 

blood changes during treatment of second- 
ary and, mechanism of, 13 
of pregnancy, studies in, 776 (Abst.) 
Peromyscus mariiculatus, subspecies of, method 
of maintaining laboratory strains of 
trypanosome brucei in a, 510 
Pfeiffer bacillus and epidemic encephalitis, re- 
sults of a study as to possible re- 
lationship of, 1043 

Phenol derivatives, fungicidal power of, 950 
Phenyl hydrazine, laboratory' study of, ami- 
dopyrine, barbital, and benzene in re- 
lation to granulocytic angina, 1199 
Phiorhizinization, Hagedorn-Jensen blood sugar 
technic in cases of, note on use of. 
192 

Phosphatase in heterotopic bone formation 
following transplantation of bladder 
mucosa, 250 

pi — -■ -■ - • ether soluble, 1090 

of, 1090 

Photelometric method: rose bengal test of 
liver function, 1297 
Photoelectric drop recorder, 90 
Photography, clinical, with Leica camera, 550 
Photomicrography, routine, special camera for 
979 

Physical and clinical diagnosis, 780 (B. Rev 1 
diagnosis, 221 (B. Rev.) 

Pipette for erythrocyte sedimentation test, on 
a new model of, 1082 

Placental blood, agglutinins in mother’s blood 
baby’s blood, mother’s milk, and, 666 
(Abst.) 

Plasma, flbrinogen content of, relationship be- 
tween, and blood sedimentation rate 
216 (Abst.) ‘ 

in arthritis, cholesterol content of 675 
relation of, to obesity and to some of com- 
p! tailing degenerative diseases. 440 

( ADSt. ) 

Platelets, blood, enumeration of, 416 
Pneumectomy, unilateral, action potentials 
from intercostal muscles before and 
after, 023 

P " ’ ‘ ' "of. 1213 (Abst.) 

. , ■ ’ ‘ chemical study of 

lobar, artificial pneumothorax in treatment 
of. 889 (Abst.) nl 

treatment of, artificial pneumothorax in, 

patients, bedridden, stereoscopic roentcenoc 
raphy of. 357 h 

Pneumothorax, artificial, in treatment of lobar 
pneumonia. 889 (Abst), 914 
Poisoning, cyanide, 1104 (Abst) 
food, suggested laboratory Procedures for u=e 
in determining cause of. 97 (Abst i 
gasoline^ and ^ kerosene, in children, 986 

mercuricJc.doHd^Uea^byexsanmdnation- 

mercury. an antidote for. 442 ' (Abst.) 
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Poliomyelitis, acute anterior, successful vaccina- 
tion against, 1100 (Abst.) 
vaccination against, 1216 (A') 
therapy by blood transfusions from Im- 
mune donors, 6G6 (Abst.) 
preparalytic, human convalescent serum in 
treatment of, 1300 (Abst) 
scrum therapy in, experimental and theoret- 
ical basis for, GG7 (Abst.) 
Polyarteritis nodosa, SSS (Abst) 

Portal vein, occlusion of, 335 
Potentials, action, from intercostal muscles be- 
fore and after unilateral pneumee- 
tomy, 623 

Precipitation and agglutination studies in Im- 
munology, now slide and hand shaker 
for use in slide, 513 

reactions of meningococcus with immune 
serums in agar plates in relation to 
antigenic activity, 1330 (Abst.) 
Pregnancy and syphilis. Ill (Abst.) 
Asctiheim-Eondek test for, comparative study 
of Kelly test and Friedman mollifica- 
tion of, 63 

method for ovarian transplantation on 
rabbits used for, 520 

blood in normal, studies of, 560. SSI (Absts.) 
histologic diagnosis of age of, from percent- 
age of erythrocytes in chorionic 
capillaries, 667 (Abst) 
liver function in. bilirubin excretion test in, 
1211 (Abst.) 

pernicious anemia of, studies in. 776 (Abst.) 
toxemias of, conservative treatment of late, 
387 (Abst.) 

trichomonas vaginalis in, incidence and treat- 
ment of, 776 (Abst.) 

urine of, early diagnosis by quantitative de- 
terminations of pltuitary-like princi- 
ple from, 1106 (Abst.) 

Prematurity, anemia of. 557 (Abst.) 

Protein analysis in cerebrospinal fluid, 312 
diets, high, effect of, on kidney function in 
dogs. 1162 

serum, simple method of estimation of. and 
its value In tuberculosis, 1102 (Abst.) 
use of, for embedding small tissues for sec- 
tioning by freezing method. 36i 
weight reduction with. 8-13 
Psittacosis, pathology of, 146 (Abst.) 
Pulmonary lesions experimentally produced bv 
intratracheal introduction of alu- 
minum oxide and borosllicate-glass, 
1303 (Abst.) 
moniliasis, 885 (Abst.) 

tuberculosis, liver function in, cinchophen 
oxidation test of, 663 (Abst.) 
red ceil sedimentation rate determinations 
in. significance of repeated. 775 
(Abst . ) 

Puncture, sternal, modified technic for, and its 
value in hematologic diagnosis, 2SG 
Pyridium medication, false Ehrlich reaction 
caused by — urobilinuria. 61 
Pyuria, frequency of. in anomalies of urinary 
tract in children, 37 (Abst.) 

Q 

Qi-wave, abnormalities of, correlation of ana- 
tomical findings with, 1137 
Quantitative determination of sugar in urine, 
516 

R 

Rat-bite fever acquired from a dog, S&G fAbst.) 
Razor blades, use of, for tissue sectioning, 956 
Reaction, Botelho, as modified by Itchikowa, 
887 (Abst.) 

colloidal gold, in 500 cases of neurosypliilis. 
383 

complement fixation, in carcinoma, 923 
Costa, 531 

heterophile antibody, in diagnosis of infec- 
tious mononucleosis, 538 
hyperpyrexia, following intravenous therapy. 

study of. 777 (Abst.) 
lymphocyte." in tuberculosis, 670 (Abst.) 
Takata and Ara, value of. as a diagnostic 
and prognostic aid in cirrhosis of 
liver, 902 

tuberculin, in childhood tuberculosis, quanti- 
tative study of, 776 (Abst.) 
van den Bergh (ring test technic), and hemo- 
giobin-biiirubin interrelation in 
icterus neonatorum, 817 


Red blood cells and hemoglobin, diurnal varia- 
tions in concentration of, 70S 
resistance of, to hemolysis in hypotonic so- 
lutions of sodium chloride, 1122 

Regulators, oxygen, clinical simple method for 
calibration of. 526 

Relapsing fever in children, SS3 (Abst.) 

Renal glycosuria, familial, 605 
insufficiency, indican test on blood and urine 
in. observations on. GS1 
renal amyloidosis in relation to, 557 (Abst.) 

Reproductive physiology, recent advances in 
sex ami, 218 (I). Rev.) 

Research workers, statistical methods for, 1107 
(II. Rev.) 

Reticulocvtc count In healthy children, 555 
(Abst.) 

Rheumatic fever, bacteriologie study of 
throats in, and nonrheumatie, 441 
(Abst.) 

Rheumatoid arthritis and its treatment by 
gold salts. 827 

Roentgenography, stereoscopic, of bedridden 
pneumonia patients, 357 

Rose bengal test of liver function ; photelo- 
metric method, 1297 


Salt solution, ctTect of Jaundice on intradermal- 
Jy injecteir. 719 

Salyrgan. mercurial diuretics with and with- 
out, some observations on compara- 
tive effectiveness of, 1252 

Schick test, comparison of Dick test and, in 
mothers and newborn infants, 561 

Schilling hemograms. G.000, homograph)' in 
diagnosis, prognosis, and treatment 
based on. 172 , „ . 

Schistosomiasis of appendix, carcinoma ana, 
602 

Sectioning, tissues for, by freezing method, use 
of proteins for embedding snip . 961 

Sedimentation, blood, in tuberculous children. 

simplified technic for, 884 (Abst.) .... . 
rate In tuberculosis, corrected, 5oi (Ab sl -1 

of erythroevtes, factors influencing, -si 
test. Wood for. simple and accurate method 
for standardizing cell volume percent- 

vry throcy to/ on' a ’new model of pipette for, 

factors^ influencing, a study of some of, 
583 

repeated. 1105 (Abst.) . 

Selenium as catalyst in determination of n 
protein nitrogen in blood. 1204 

Septicemia and other acute infections, 

ment of, controlled nonspecific un 
munotransfusions i n — hemograpli) , 
482 

method of treatment, 986 (Abst.) 

Serum, blood, lipaso and esterase in, -d 
calcium in arthritis, 929 ... . , ,<io 

culture media, preventing air boles tn. tut 
human convalescent, in treatment 

paralytic poliomyelitis 1300 (Ad-) 
protein in different types of edema, concen 
tration of, 666 (Abst.) , nc * 

therapy in poliomyelitis, experimental ana 
theoretical basis for. 66 1 vAnsv.) 

Sex and reproductive physiology, recent ad- 
vances in, 2lS (#. Rev.) t 

Sickle cell anemia, negative results in trea - 
ment of, 32? . „„ r1 

Silica, Inhaled, and its effect on normal ana 
tuberculous limits, 1102 (Abst.) 

Silicosis, pulmonary lesions experimental^ 

produced by intratracheal introduc- 
tion of aluminum oxide and borosu - 
cate-glass, 1303 (Abst.) 

Skin diseases, blood chemistry of circa dvv Pa- 
tients with common, comments on 
analyses of, 104S . . 

sensitiveness to tuberculin in primary tuber- 
culosis, 990 (Abst.) . 

test, Grushin, for diagnosis of cancer, experi- 
ences with, *16S 

Smears for bacteriologie study, note on fixa- 
tion of, 8S3 

Sodium chloride, hypotonic solutions of, re- 
sistance of red blood cells to hemoly- 
sis in. 1122 
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Sodium oxalate solution, comparison of vari- 
ous concentrations of, with heparin 
for determination of packed cell 
volume, 385 , , 

Solution, colloidal gold, stable, standardized, 

pressure dome for mammalian laboratory, 20 < 
salt, effect of jaundice on intradermally in- 
jected, 71S , 

Spinal fluid, cell counts in epidemic encephali- 
tis and tuberculous meningitis, 44 1 

colloidal k> carbon flocculation test in. fur- 
tiier observations on, 314 
Spleen, nodular granulomatous lesions of liver, 
and lymph nodes, 236 
volume, effect of alcohol upon, 350 
Spore stain, modification of Domers, 100 
(Abst.) . 

Sputum digestion, method of, preliminarj to 
culture for tubercle bacilli, 9 <6 
tubercle bacilli In, and feces of children with- 
out pulmonary tuberculosis. 216 
(Abst.) . , . t 

feces, and stomach contents of tubercu- 
lous children, demonstration of, 21a 
(Abst.) 

Staff meetings and statistics, 224 (E) 

Stain, simple differential, for human hypoph- 
ysis, 508 

spore, modification of Corner's, 100 (Abst.) 
Staining supravital, technic and application ol, 
2276 

Sterile maggots for surgical use. improved 
methods in culture of, 77 
Sternal puncture, modified technic for, and its 
value in hematologic diagnosis, 28b 
Stomach contents, tubercle bacilli in. feces, and 
sputum, of tuberculous children, dem- 
onstration of, 215 (Abst.) 

Stool and blood, bacteria recovered from, ef- 
fects of toxic products of certain, of 
human being upon leucocytes of ani 
mals, 1053 . . 

Streptococci, study of physiological properties, 
physical properties, and virulence of 
a group of. 559 (Abst.) 

Sugar, blood, high, further observations on pa 
tients with, but no glycosuria, 2111 
In urine, quantitative determination of, 516 
stability of, in cerebrospinal fluid, 752 
tolerance tests, nonglucose reducing bodies 
in blood and their variation in, with 
special reference to hepatic cirrhosis, 
1302 (Abst.) 

Sulphur of tissue, total, in normal and ab- 
normal growth (mouse carcinoma) 
1143 

toxic effects of, on guinea pigs and rabbits. 
169 

urinary, in chronic nonspecific arthritis, 855 
Supravital staining, technic and application of, 
1276 

Surgical maggots, 1219 
use, sterile maggots tor, improved methods 
in culture of, 77 

Suspension damped for low frequency vibra- 
tions, 968 

Sympathectomy, local adrenalin effect after. 
947 

Sympathomimetic substances, effect of ultra- 
violet light on some. 16 
Syphilis and pregnancy, 441 (Abst.) 
early, standard treatment procedure in. 211 
(Abst.) 

coslnopbliia in, 733 
jaundice in, a study of, 559 (Abst.) 
serologic tests in. meteorologically condi- 
tioned variability of. 337 
treatment of, 1306 (E) 

T 

Taenia saglnata infestation, transduodena] 
treatment of. 841 

Taka-arata test, modified mercuric chloride re- 
action in cirrhosis and neoplasms of 
liver, 217 (Abst.) 

Talinta and Arq. reaction, value of, as a diag- 
nostic and prognostic aid in cirrhosis 
of liver. 902 

Teratoma testis, biologic diagnosis of, 296 
Test, ARchhcIm'Zondck, for prcgnancv, method 
for ovarian transplantation on rab- 
bits used for, 520 


Test, 


bilirubin excretion, residual hepatic 
damage in catarrhal jaundice as de- 
termined by, 670 (Abst.) 
blood IVessermann, in 500 cases of neuro- 
svplillis with positive cerebrospinal 
fluids, 69S 

colloidal carbon flocculation, in spinal fluid, 
further observations on, 314 
Dick, specificity of, observations relating to, 
589 

erythrocyte sedimentation, on a new model 
of pipette for, 1082 

for alcohol in body fluids, specificity of, 88» 
(Abst.) 

Frei, in lymphogranuloma inguinale, recov- 
ery of antigen from pustular erup- 
tion, 1305 (Abst) 

indican, on blood and urine in renal insuf- 
ficiency, observations on, 681 
intraderma), in undulant fever, 522 
Kahn, antigen mixing tube for. T54 
rose bcngal, of liver function: photelometric 
method, 1297 

Schick, comparison of Dick test and. in 
mothers and newborn infants, 561 
(Abst.) 

sedimentation. Mood for, simple and accu- 
rate method for standardizing ceil 
volume percentage of an}', 633 

factors influencing, a study of some of, 
5S3 

repeated, 1105 (Abst.) 

serologic, in syphilis, meteorologically con- 
ditioned variability of. 337 
tryptophane, in tuberculous meningitis, 775 
(Abst.) 

tuberculin, in diagnosis of active tuberculo- 
sis. intracutaneous quantitative, 990 
(Abst.) 

quantitative, as an index of tuberculous 
activity, 1102 (Abst.) 

Testis, teratoma, biologic diagnosis of, 29C 
Tetanus, acute, study of treatment of. 441 
(Abst.) 

Theophylline, mercurial diuretics with and 
without, some observations on com- 
parative effectiveness of. 1252 
Thermal control of solutions for intravenous 
administration, an apparatus for, 
506 

Thrombosis, coronary, prognosis of, based on 
nonprotein nitrogen in blood, 279 
Thymol, effect of, on progress of rabbit monil- 
iases, 572 

Thyroid disease and blood cholesterol, 778 
(Abst.) 

Thyroidectomy in man, blood iodine after to- 
tal, 813 

Tissue, 1207 (Abst.) 

dehydration, simple basket carrier for use 
in, 129S 

sectioning, use of razor blades for. .956 
total sulphur of, in normal and abnormal 
growth (mouse carcinoma), 1143 
Tissues and fluids, biologic determination and 
recognition of lead in. BIS 
animal, determination of nitrate in, 755 
embedding small, for sectioning by freezing 
method, use of proteins for, 964 
Toxemia, intestinal, syndrome. 801 
Toxemias of pregnancy, conservative treat- 
ment of late, 987 (Abst.) 

Toxic effects of sulphur on guinea pigs and 
rabbits, 169 

Toxicology, clinical, 329 (23. Rev.) 

Toxoid, diphtheria, immumtv produced by. 444 
(Abst.) 

Transduodenai treatment of taenia saglnata 
infestation, S41 

Transfusions, blood, effect of, on donors. 593 
Trichinosis, 1214 (Abst.) 

Trichomonas vaginalis in pregnancy, incidence 
and treatment of, 770 (Abst.) 
Trypanosoma brucei. strains of, method of 
maintaining laboratory, in a sub- 
species of peromyscus maniculatus, 
nio 

Trypanosomes, method for isolating single, 
simple. 561 (Abst) 

Tryptophane test in tuberculous meningitis, 
<75 (Abst.) 

Tube, antigen mixihg, for Kahn test 754 
Tubercle bacilli, cultivating, successful method 
of, *mG (Abst.) 

culture for method of sputum digestion 
preliminarj- to. 976 
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Tubercle bacilli, Cont’d 

effect of formaldehyde on growth of. 1105 
In blood stream, study of comparative 
value of Lilwenstein method and di- 
rect culture of whole blood in de- 
tecting, 1003 

in feces, sputum, and stomach contents of 
tuberculous children, demonstration 
of. 215 (Abst.) 

In gastric contents of tuberculous children, 
215 (Abst.) 

in sputum and feces of children without 
pulmonary tuberculosis, 21G (Abst.) 
bacillus, cultivation of, from blood stream by 
Loewensteln's method, 1305 (Abst.) 

Tuberculin In testing guinea pigs Inoculated 
for diagnostic purposes, large doses 
of. 1301 (Abst.) 

reaction. In childhood tuberculosis, quantita- 
tive study of, 771! (Abst.) 
skin sensitiveness to. in primary tuberculo- 
sis. 090 (Abst.) 

test In diagnosis of active tuberculosis. in- 
tracutaneous quantitative. 990 
(Abst.) 

quantitative, as an index of tuberculous 
activity. 1102 (Abst.) 

Tuberculosis, acid-fast other than Koch's ba- 
cillus cultivated from sputum. 101 
(Abst.) 

active, intracutancous quantitative tubercu- 
lin test in diagnosis of. 990 (Abst.) 
examination of material obtained by gastric 
lavage, four years’ experience with. 
55S (Abst.) 

Immunity phenomena in. 1153 
intestinal, in 1,100 autopsies. 1301 (Abst.) 
large doses of tuberculin in testing guinea 
pigs inoculated for diagnostic pur- 
poses, 1304 (Abst.) 
lymphocyte reaction in. (170 (Abst.) 
primarv. skin sensitiveness to tuberculin in. 

'990 (Abst.) , , , , 

pulmonarv. liver function in. clnchophen 
oxidation test of. 009 (Abst.) 
red cell sedimentation rate determinations 
in. significance of. 775 (Abst.) 
sedimentation rate in. corrected. 557 (Abst.) 
successful method of cultivating tubercle ba- 
cilli, 550 (Abst.) 

tuberculin reaction in childhood, quantitative 
study of, 770 (Abst.) 
value of serum protein in, 1102 (Abst.) 

Tuberculous baclllemia. frequency of. by LBw- 
enstein’s method, 009 (Abst.) 
bacilluria, 009 (Abst.) 

children, tubercle bacilli in fcccs. sputum, 
and stomach contents of, demonstra- 
tion of, 215 (Abst.) 
in gastric contents of. 215 (Abst.) 
infection In childhood. laboratory diagnosis 
of, 222 (E) 

Tularemia, isolation from Hocky Mountain 
wood tick of strains of B. tularense, 
325 (Abst.) 

Tumors, benign breast, physiopathologlc con- 
ception of some, 773 (Abst.) 
encapsulated, in lateral ventricles of brain. 
5G2 (B. Rev.) 

of female pelvic organs, 779 (B. Rev.) 

Tvplioid bacillus, study of smooth and rough 
forms of, in relation to prophylactic 
vaccination and immunity in typhoid 
fever, 443 (Abst.) 

Tyroslnuria in disease of liver, origin and sig- 
nificance of. 777 (Abst.) 

U 

Ueber die Sogenante Primiire Kryptogenetische 
Oder Metastatische Streptokokken- 
peritonitis. 503 (B. Rev.) 

Ulcer, gastric and duodenal, treatment of, oral 
administration of metaphen in, 100 
(Abst.) 

peptic, problem of, 447 (E) 

Ultraviolet light, effect of, on some sympa- 
thomimetic substances, 10 

Undulant fever, intradermal test in. G22,^>-< 

Urea, antiseptic and bactericidal action titrJllS' 
determination of, by steam distillation. v'OSS ' 
in blood, determination of. note on.'/by-Folln 
distillation method. 9S3 ( ! 

very low concentration of, clinicpl signifl- i 
cance of, 141 * ' 


Urea, Conl'd 

nitrogen, high blood, not due to chronic 
nephritis. 1170 

Urinalysis in fat embolism, technic of. 031 
Urinary phosphate and blood phospholipids, 
relation between, during absorption 
of fats. 920 

sulphur in chronic nonspecific arthritis. S55 
tract in children, pyuria In anomalies of, 
frequency of. 97 (Abst.) 

Urine and blood, cldorides in, iodometric esti- 
mation of, stable starch indicator 
for, 105 

plasma, constancy of iron in. in health and 
disease. 778 (Abst.) 
chart (diabetic), fractional, 057 
chlorides In blood and. colorimetric microde- 
temilnatlon of. 1293 , , 

with mercuric nitrate, determination of, 
303 

creatine in, method for determination of. 972 
In renal insulllctency. indican test on blood 
and. observations on, <*S1 
malloplienc in. observations on gonococcidal 
action of. 53 

sugar In. quantitative determination of. oil. 
Urobtllmiria— false Ehrlich reaction caused b> 
pyridlum medication. 61 
Uterus. Inversion of, 504 (E) 

V 

Vaccination against acute anterior poliomye- 

pollomyeiitisr acute anterior. 1100 . (Abst.) 
prophylactic, and immunity in Uphold fe%er. 
propn. m sm00lh nml rough forms of 

typhoid bacillus in relation to. 443 

Vaccine, gonococcic, of low toxicity, treatment 
of acute gonorrhea by means oi 

Influenza. 0 in treatment of chronic cnccphali- 

Vn pus ana^ympatbetfe over action on cat's 
heart, attempted. 

Valves versus motor-blower. 43b hnlc’) 

Van den Bcrtfi reaction <J jM J? * 

and hemoglobin-bilirubin interre) 
tion In icterus neonatorum. SI < 
Vasculature, cardiac, autonomic control 01 . 

observations on. S9a 

Vaseline dispenser for hanging diop prepara 

Vein, internal Jugular, puncture of. for diagnos- 
tic purposes, 109. 
portal, occlusion of, 933 _ 

Vibrations, frequency, low, suspension dampen 

Vlm-Shcf teT colorimeter for general use, alter- 
ing the, 975 . )fl 

Virus of lymphogranuloma inguinale 393 
Vitamin A and carotene. in patients with di 
betes mellitus, studies on cftect of a<i 
ministration of, 1266 

w 

Wassermann, blood, cases, comparative study 
- of differential leucocyte counts in 100 
positive and 100 negative. <33 
reaction, acetone insoluble lipoids in rela 
tion to. note on, 324 (Abst.) 
test, blood, in 500 cases of neurosypbihs with 
positive cerebrospinal fluids, 695 
Water analysis, comparison of MacConKW s 
bile-salt broth and Dominlck-Lautcr 
broth in routine, 671 (Abst.) 
studies in obesity, 401 , . 

Weight reduction with high protein diets, 84 
Widal examinations, value of H and O aggiu 
tination technic in routine,. 635 
Worms, human parasitic, studies on ,n ^SS,JJL ' 
of, under Institutional conditions, 

-AVObmOicaUng,. functions in, a^study of tlieir 
' liif<?cM})& . i ■ > ■ 5 (E) 

*z 

,8 


A ^ Yf 

.Zondek -ASchhcim' test 'for pregnancy, compara- 
’• L . ' tiVc study-of (Kelly test and Friedman 




